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Scientific Names and Introduction: Culinary herbs include basil (Ocimum basilicum L.), chervil, salad chervil (Anthriscus cerefolium L. [Hoffm.]), coriander, cilantro, Chinese parsley (Coriandrum sativum L.), dill (Anethum graveolens L.) and savory/Summer savory (Satureja montana L.).  Leaves of annual herbs are typically used, although roots of coriander are also used.  Herbs are grown in both the field and greenhouse.

Quality Characteristics and Criteria: Herbs should appear fresh and green: no yellowing, decay, insect or mechanical damage.  Leaves should be uniform in size. Flavor and aroma should be strong and characteristic of the herb. There are purple forms of basil that should have a rich color.

Horticultural Maturity Indices: Annual herbs should be harvested before flowering. Basil still maintains its quality with some flowers.

Grades, Sizes and Packaging: There are no market grades or sizes for fresh herbs. They may be tied or bunches with a rubber-band, packaged in plastic bags or clamshells, then packed in corrugated cartons.  Perforated polyethylene liners will prevent dehydration and maintain quality.

Pre-cooling conditions: With the exception of basil, herbs should be cooled to just above 0 °C (32 °F) as soon as possible after harvest. Vacuum-cooling is recommended (Aharoni et al., 1988).  Basil should be cooled to no lower than 12 °C (54 °F).

Optimum Storage Conditions: Chervil, coriander, dill and savory should be stored at 0 °C (32 °F) and 95 to 100% RH.  Postharvest life ranges from 1 week for chervil (Gorini, 1981) to 2 weeks for coriander and dill, and up to 3 weeks for savory.  Basil should be stored at 12 °C (54 °F) and 95 to 100% RH (Aharoni et al., 1993).  At this temperature and RH, quality can be maintained for 2 weeks (Lange and Cameron, 1994).

Controlled Atmosphere (CA) Considerations: A 5 to 10% O2 + 4 to 6% CO2 CA is only moderately beneficial for fresh herbs (Saltveit, 1997).  However, MAP lengthens the shelf-life of coriander (Loiza and Cantwell, 1997), chervil (Aharoni et al., 1993) and basil (Lange and Cameron, 1998).

Retail Outlet Display Considerations: Use of water sprinklers is acceptable.  Basil should not be displayed < 12 °C (54 °F) due to chilling sensitivity. Other herbs should be displayed in refrigerated units.

Chilling Sensitivity: Chervil, coriander, dill and savory are not sensitive to chilling temperatures and should be stored as cold as possible without freezing.  Basil is susceptible to chilling injury if stored below 12 °C (54 °F). The primary symptom of chilling injury in basil is browning of the leaves (Cantwell and Reid, 1993).

Ethylene Production and Sensitivity: Annual herbs produce very little ethylene, but are highly susceptible to ethylene exposure (Cantwell, 1997).  Symptoms of ethylene damage include yellowing and leaf abscission (Cantwell and Reid, 1993).

Respiration Rates: 
Temperature
Basil
Chervil
Coriander
Dill


(mg CO2 kg-1 h-1)
0 °C
  36
  12
22
  22

5 °C
   -
   -
30
  -

7.5 °C
   -
   -
46
  -

10 °C
  71
  80
  -
103

20 °C
176
170
  -
324

To get mL kg-1 h-1, divide the mg kg-1 h-1 rate by 2.0 at 0 °C (32 °F), 1.9 at 10 °C (50 °F), and 1.8 at 20 °C (68 °F).  To calculate heat production, multiply mg kg-1 h-1 by 220 to get BTU per ton per day or by 61 to get kcal per metric ton per day.  Data are from Cantwell and Reid (1993) and Loiza and Cantwell (1997).

Physiological Disorders: Yellowing and leaf abscission may occur due to ethylene exposure, especially if held at 10 °C (50 °F) or warmer.  Basil is susceptible to chilling injury if held below 12 °C (54 °F), the main symptom being necrosis and blackening of the leaves.

Postharvest Pathology: Molds and bacterial decay may develop, especially on mechanically damaged leaves or cut ends of stems. Low temperatures should be maintained throughout the cold chain to minimize pathological disorders and prolong shelf-life. Chilling increases the susceptibility of basil to decay.

Quarantine Issues: None.

Suitability as Fresh-cut Product: Annual herbs are used in some packaged salad blends.

Special Considerations: High RH is used to prevent water loss and is especially important in maintaining the quality of fresh herbs.
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Scientific Name and Introduction: Malus x domestica Borkh., the apple, is a perennial of the Rosaceae family. The apple is thought to have arisen in the Caucasus region of southeastern Europe, and the tree is one of the hardiest temperate zone species. The edible part of the fruit is comprised of fleshy tissue that surrounds the five ovaries, as well as some ovary or carpel tissue. The parenchyma of the fused bases of the calyx, corolla, and stamens constitutes the major edible part of the fruit, though this tissue is sometimes interpreted as being cortical. The skin surrounding the fleshy parenchyma tissue is made up of cuticle, epidermal, and hypodermal layers, with lenticels allowing gas diffusion across the skin. Cracks in the skin surface are also important for gaseous exchange. The diffusion characteristics of the skin can impact the tolerance of different varieties to storage conditions. Examples include ‘Golden Delicious’ which tends to shrivel faster than other varieties because of breaks in the cuticle, and the Marshall McIntosh strain which is less tolerant to low O2 in CA storage than other strains because of higher resistance to gas exchange. 

Quality Characteristics: Quality consists of a combination of visual appearance, texture and flavor. Modern consumers demand impeccable appearance and optimum texture and firmness typical of the variety. 

Skin color. Each variety has specific commercial requirements for skin color ranging from green or yellow for varieties such as ‘Golden Delicious’ and ‘Granny Smith’ to red for varieties such as ‘Red Delicious.’ Bi-colored apples such as ‘Gala’ and ‘Braeburn’ are also popular. Some varieties are currently marketable only if they meet strict standards for red color intensity and coverage. There is a tendency for wholesalers to gradually increase color standards, thereby encouraging growers to select redder strains of previously acceptable bi-colored apples. Red color is not an indicator of fruit maturity or quality, however. With few exceptions, the ground (background) color requirement for apples is light green, as yellowness is regarded as an indication of overmature or senescent fruit. Recently, consumers have preferred ‘Golden Delicious’ apples that have a white skin color, rather than green or yellow. Consumers demand fully green ‘Granny Smith’ apples without a red blush and 100% red color for ‘Red Delicious.’

Blemish. A high quality apple in the marketplace is free from blemish, although there may be a greater tolerance for defects in certain markets such as organic outlets. However, with the increase in organic production this is changing rapidly. Occurrences of physically induced damage such as bruising or stem-punctures and physiological and pathological disorders are not acceptable in any market. The prevalence of these defects can be affected greatly by variety characteristics such as stem length, skin tenderness, softness of the fruit, and genetically based resistance to physiological and pathological disorders. The density of the flesh and the skin thickness can also contribute to resistance of fruit to bruising under normal handling conditions, and susceptibility to bruising can determine the commercial success of a variety.

Texture. A universal constituent of quality regardless of variety is firmness. Consumers demand apples that are crisp and crunchy. Other textural or flavor components are secondary. All apples are not required to have the same firmness values, and optimum values are dependent upon the characteristics of an individual variety. For example, a crisp ‘Granny Smith’ apple is often 80 to 98 N (18 to 22 lb-force) while a crisp ‘Golden Delicious’ is above 53 N (12 lb-force).

Flavor. Sweetness and acidity vary by variety. For example, the acidity of ‘Granny Smith’ apples is high (0.8 to 1.2% malate) while that of ‘Red Delicious’ is low (0.2 to 0.4%). Similarly, sugar content of apples also varies by variety. ‘Fuji’ apples can have 20% or more SSC. 

Ethylene Production and Sensitivity: The apple is classified as a climacteric fruit, exhibiting increased respiration rates during maturation and ripening. This rise is associated with increases in internal concentrations of CO2 and ethylene, respiration and autocatalytic ethylene production. Endogenous ethylene production can vary greatly among varieties. In general, early season varieties have high ethylene production rates and ripen quickly, while late season ones have low ethylene production rates and ripen slowly (Watkins, 2001). The timing of the climacteric and ripening of apple fruit is advanced by exposure to ethylene. Prevention or slowing of ethylene production, by affecting ethylene synthesis or perception, is a strategy for increasing fruit storability. This is achieved primarily by use of low storage temperatures and application of CA storage technologies (Watkins, 2002).  A new compound, 1-methylcyclopropane (1-MCP), is now available on a limited basis under the commercial name SmartFresh.TM 1-MCP is structurally related to ethylene, has a non-toxic mode of action, is applied at very low levels, with low measurable residues in food commodities.

Respiration Rates:  In general, early season varieties have high respiration rates, while late season ones have low respiration rates. The respiration rate of fruit is directly affected by temperature, and the respiratory climacteric is suppressed by storage temperatures below 10 °C (50 °F). The lowest temperatures for storage must be above freezing and those at which chilling injury will develop.

 Temperature
Summer apples
Fall apples


       (mg CO2 kg-1 h-1)

0 °C
3 to 6
2 to 4

5 °C
5 to 11
5 to 7

10 °C
14 to 20
7 to 10

15 °C
18 to 31
9 to 20

20 °C
20 to 41
15 to 25

To get mL kg-1 h-1, divide the mg kg-1 h-1 rate by 2.0 at 0 °C (32 °F), 1.9 at 10 °C (50 °F), and 1.8 at 20 °C (68 °F).  To calculate heat production, multiply mg kg-1 h-1 by 220 to get BTU per ton per day or by 61 to get kcal per metric ton per day.  Data are from Hardenburg et al., 1986.

Horticultural Maturity Indices: 

Maturity and Marketing Season. In general, an apple fruit harvested less mature will have poor color and flavor and can be more susceptible to physiological disorders such as bitter pit and superficial scald. Fruit harvested over-mature tend to be softer, more easily damaged, may have watercore, and be more susceptible to diseases and physiological disorders such as senescent breakdown. The length of storage of apples generally can be increased by harvesting fruit before they are fully mature, but quality characteristics such as varietal flavor decrease as immaturity at harvest increases. Fruit harvested early in the harvest window for long-term storage (6 to 12 mo) tend to have less flavor than those allowed to ripen further on the tree but are acceptable if minimal flavor requirements are met along with good texture. The challenge is to decide appropriate harvest periods for each marketing period, which can range from immediate on-farm sales to marketing across the globe after 11 mo of storage. 

Harvest Maturity Indices. A wide range of indices has been tested over many years as possible indicators of harvest maturity. Several common methods have been outlined by Lau (1985). Ethylene, measured commonly as internal ethylene concentration, and the starch index, in which the degree of starch hydrolysis is estimated, have become the most widely used maturity indices. Since a rise in ethylene production is associated with initiation of ripening, it has been suggested that ethylene production or internal ethylene concentration (IEC) should be a major determinant of harvest decisions (Lau, 1985). However, relationships between ethylene production and optimum harvest dates can be poor, and the timing, or presence, of increased ethylene production is a function of cultivar, and within a cultivar is greatly affected by factors such as growing region, orchard within a region, cultivar strain, growing season conditions, and nutrition (Watkins, 2002). Therefore, ethylene production may not be relevant for determining harvest of some cultivars.
For some bi-colored apples, background color is considered an important harvest index. In some cases, state regulations have been established to set minimal harvest maturities, eg., in California the starch index for ‘Granny Smith.’ While ethylene production is regarded as the only physiological indicator of apple fruit maturity, fruit of some varieties and growing regions are often harvested well before autocatalytic ethylene production occurs, and therefore this measurement is commercially irrelevant. However, in some regions ethylene is used to determine when fruit are too mature to be candidates for long-term storage. It is generally recognized that no single maturity index is appropriate across all varieties; growers have learned to rely on a combination of indices.

Other indices such as flesh firmness and soluble sugar content are quality indicators rather than maturity indicators, as they are influenced greatly by orchard factors, eg., fruit exposure to light. During the pre-harvest season, firmness falls and sugar content continues to increase. However, these quality indicators provide information that can be important to fruit performance in storage. Both indices are increasingly used in the marketplace as quality criteria by wholesalers, especially in Europe.

The three major apple-growing regions in the U.S., Washington, New York and Michigan, operate apple maturity programs in conjunction with their land grant universities. Currently in Washington State individual packinghouses conduct their own maturity programs inline with their marketing strategies. In each region, a wide range of maturity and quality indices are collected, and the optimum harvest period (harvest window) is established for each variety (Beaudry et al., 1993; Blanpied and Silsby, 1992; Washington Apple Maturity Handbook). The strength of these programs lies not in reliance on absolute maturity indices, but on discussion with industry personnel on changes in maturity and quality occurring over the harvest period. In this way, full participation of extension personnel, growers and storage operators can ensure that fruit of appropriate storage potential are directed towards short, medium or long-term storage.

Grades, Sizes and Packaging: 

Grade Standards. U.S. grades are U.S. Extra Fancy, U.S. Fancy, and U.S. No. 1, based primarily on color requirements, but also on freedom from decay, disorders and blemishes, as well as firmness of fruit (Childers et al., 1995). These federal guidelines have been adopted by many states, but states may have additional grading and branding laws. Information pertaining to any state can be obtained from the local state department of agriculture. Washington State packers follow the grade standards of either U.S. Federal regulations or special Washington State Grade Standards promulgated by the Washington State Department of Agriculture (WSDA) in conjunction with USDA. 

Cartons. Sizing is usually carried out by weight or fruit diameter but is independent of grade. Requirements for fruit size vary greatly by market, but in general larger sizes bring greater returns. Most fruit are packed into bushel cartons, usually 40 lb (18.2 kg), depending on variety, and sold by count (fruit per carton). Apples are most often packed on 4 to 5 soft fiberboard trays made from recycled newspaper. In some cases, the tray may be made of soft polystyrene. Cartons are often unvented. However, unvented cartons on pallet stacks will cool slowly, detrimentally affecting product longevity. Venting to improve cooling rates of fruit is becoming more common. 

A two-layer carton that is wider, known as the 60 x 40 pack, is becoming more common in the U.S. and for export to Europe. It has the advantage of minimizing fruit handling as the cartons are placed directly onto display racks at retail.

Most apples are sold loose, although fruit are increasingly available in polyethylene bags of 3, 5, or 10 lb (1.4, 2.3, or 4.5 kg). These bags were originally used for marketing smaller fruit, but are now used for all qualities and sizes. Bags are most often sold in warehouse-type retail stores. Consumer packages in which 2 to 6 apples, or a combination of fruits, are shrink-wrapped are becoming more popular in some retail outlets. Shrink-wrapped packages reduce the time consumers spend in the produce section, and also reduce loss caused by consumer sorting and handling of individual fruit.

Cooling Conditions: The rate of cooling of apple fruit affects retention of quality, but its importance varies according to variety, harvest maturity, nutritional status of the fruit and storage history. It is very important to rapidly cool apple varieties that mature in the early part of the harvest season (Summer varieties) since they will soften more rapidly than those that mature in the later part of the harvest season. Within a variety, apples tend to soften more rapidly at later stages of maturity than earlier stages. Effects of slow cooling are magnified as storage length increases. Therefore, inadequate investment of resources at harvest to ensure rapid fruit cooling may not be apparent until late in the storage period when fruit may not meet minimum firmness standards for marketing. For example, a 1-day delay at 21 °C (69.8 °C) before cooling results in a 7 to 10 day loss of storage-life for ‘McIntosh.’  The effects of delays before cooling of fruit, irrespective of timing of CA conditions, are illustrated for ‘Empire’ apples in Table 1.
Table 1.  Effect of cooling rate on firmness of rapid CA Empire apples.  Modified from Blanpied (1986).

Days to cool
Days from harvest
Flesh firmness (N) at

to 0 °C
to 3% O2
removal from CA

1
4
63

7
4
58

14
4
52

Apple fruit can be cooled by room cooling, forced-air cooling, or hydro-cooling. Forced-air cooling and hydro-cooling systems can be used to rapidly reduce fruit temperatures, but they are not widely used for apples in the U.S.  Room-cooling, in which normal air flow within the storage room cools the fruit, is the predominant method in most regions. However, air flows around rather than through bins of fruit, and therefore this method is slow and inefficient. Rapid cooling is often difficult to accomplish when rooms are filled rapidly and refrigeration capacity was not designed for a large fruit load. This problem can be overcome in two ways. First, fruit can be separated and loaded into a number of rooms for pre-cooling before being moved into long-term storage. A second option is to load only the quantity that can be handled by the existing refrigeration system. 

When refrigeration capacity is a limiting factor, no more than two stacks of bins should be placed across the width of the storage room each day, and that should be reduced to one stack if the air temperature in the room is not down to 0 °C (32 °F) by the next morning (Bartsch and Blanpied, 1990). Faster cooling will be obtained if bins are placed in the downstream discharge of the evaporator with pallet runners oriented in the same direction as the air flow. Additional bins of fruit should be stacked, no more than two high, in unfilled refrigeration rooms to cool overnight before loading into the CA room the next morning. These stacks should be placed randomly throughout the unfilled room to maximize air exchange with the fruit. Capacity to cool fruit is dependent on refrigeration capacity and room design. A qualified refrigeration engineer should assist in the development of a cooling program.

Maximizing quality maintenance of fruit requires attention not only to temperature immediately after harvest, and during storage, but also during packing, transport, and retail display. This combination of events is sometimes described as the “cold chain,” highlighting the importance of maintaining the links from harvest to consumer.

Excellent discussions of cooling can be found in Postharvest Technology of Horticultural Crops (Univ. of California, Pub. No. 3311), Commercial Cooling of Fruits, Vegetables and Flowers (Univ. of California, Pub. No. 21567), and Bartsch and Blanpied (1990). 

Optimum Storage Conditions: Apple producers have learned that apple fruit respond dramatically to both temperature and atmosphere modification. Rapid temperature reduction and the exacting maintenance of low temperatures close to the chilling point of the variety can provide good to medium quality product following 3 to 6 mo of storage and in some cases longer. However, modern commercial warehouses couple temperature management with CA for long-term storage of apples. 

Regular air storage. The recommended conditions for commercial storage of apples are ‑1 °C to 4 °C (30.2 to 39.2 °F) and 90 to 95% RH, depending upon variety. Typical storage periods for a number of varieties in air are shown in Table 2. The duration of air storage has become shorter over the last several years as quality standards in the market have increased. Also, short-term CA storage is becoming more common as the period available for sale of air-stored fruit has decreased.
	Table 2.  Storage characteristics of several apple varieties.  Modified from Watkins and Blanpied (2001).

	
	
	
	
	

	
	Potential months of storage
	Superficial scald
	

	Variety
	0 ºC air
	CA*
	susceptibility
	Comments

	Braeburn
	3-4
	8-10
	Slight
	Sensitive to CO2.

	
	
	
	
	

	Cortland
	2-3
	4-6
	Very high
	Temperature sensitive; McIntosh conditions preferred; Scald inhibitor essential.

	
	
	
	
	

	Delicious
	3
	12
	Moderate to very high
	Sensitive to CO2 > 2%; Scald inhibitor essential.

	
	
	
	
	

	Empire
	2-3
	5-10
	Slight
	Avoid late harvest; Temperature sensitive; Scald inhibitor not required. CO2 sensitive.

	
	
	
	
	

	Fuji
	4
	12
	Slight
	Late harvested fruit may be CO2 sensitive.

	
	
	
	
	

	Gala
	2-3
	5-6
	Slight
	Loses flavor during storage.

	
	
	
	
	

	Golden Delicious
	3-4
	8-10
	Slight
	Susceptible to skin shrivel.

	
	
	
	
	

	Granny Smith
	3-4
	10-11
	Very high
	Sensitive to CO2.

	
	
	
	
	

	Idared
	3-4
	7-9
	Slight
	Temperature sensitive; Tolerant to orchard freezing damage.

	
	
	
	
	

	Jonagold
	2
	5-7
	Moderate
	Avoid late harvest; May develop scald.

	
	
	
	
	

	Jonamac
	2
	3
	Moderate
	Loses flavor during storage.

	
	
	
	
	

	Law Rome
	3-4
	7-9
	Very high
	Scald inhibitor essential.

	
	
	
	
	

	Macoun
	3
	5-7
	Slight
	Can be stored with McIntosh.

	
	
	
	
	

	McIntosh
	2-3
	5-7
	Moderate
	CO2 sensitive; Normal storage is sometimes shortened by excessive flesh softening; Scald inhibitor recommended in regions other than the Champlain.

	
	
	
	
	

	Mutsu
	3-4
	6-8
	Slight
	Green apples have low eating quality.

	
	
	
	
	

	Spartan
	3-4
	6-8
	Slight
	Can be susceptible to high CO2.  Susceptible to skin shrivel at 36 to 38 °F.

	
	
	
	
	

	Stayman
	2-3
	5-7
	High
	Will tolerate CO2 up to 5% but usually stored in 2 to 3% CO2.  Scald inhibitor essential.  Susceptible to skin shrivel.

	* The potential months storage are for rapid CA and range from those obtained with standard CA to those obtained with low O2 and low ethylene CA. Growing region affects storage periods obtained even under optimal CA conditions.


Temperatures for air-stored fruit are affected by sensitivity of the variety to low temperature disorders. While lower temperatures usually result in firmer and greener fruit, some varieties such as ‘McIntosh’ can develop core browning, soft scald and internal browning when held at temperatures below 3 °C (37.4 °F). However, these disorders typically develop only in fruit kept for more than several months, so risks of low-temperature injury are low for fruit kept in short-term storage (2 to 3 mo). An additional factor to consider in selecting storage temperatures, is the impact of temperature on RH requirements. It is easier to maintain RH > 90% at 1 °C (33.8 °F) than 0 °C (32 °F). Final decisions should be based on experience with a variety and advice of extension personnel.

Most apple varieties are not sensitive to chilling temperatures and should be stored as close to 0 °C (32 °F) as possible. However, varieties that are susceptible to low temperature disorders should be stored at 2 to 3 °C (35.6 to 337.4 °F).  Temperatures also should be increased for fruit stored in low O2 CA, since lower temperatures increase risk of low O2 injury.

Temperature in storage rooms should be monitored throughout the storage period using thermocouples throughout the room (Bartsch and Blanpied, 1990).  It is dangerous to rely on a single thermometer at the door, as temperatures within stacks and throughout the room may be lower or higher than indicated by such readings. Faster fruit ripening and greater refrigeration usage result when fruit temperatures are too high (Table 3).  Excessive temperatures after packing due to lack of cooling or developing during transport to market can negatively impact quality at the consumer level.  Fruit temperatures can increase during packing; failure to remove heat may result in subsequent loss of firmness during transport (Kupferman, 1994; Watkins, 1999). 

	Table 3.  Rates of heat evolution (BTU per ton per day) by ten apple varieties at different temperatures. 1Adapted from Tolle (1962). To convert BTU ton-1 day-1 to kJ per ton per day,multiply by 1.055.



	
	
	
	
	
	

	
	Temperature

	Cultivar
	-1 °C


	0 °C


	2.2 °C


	3.3 °C


	4.4 °C



	
	
	
	
	
	

	Delicious
	690
	760
	910
	1,010
	1,110

	Golden Delicious
	730
	800
	970
	1,070
	1,180

	Jonathan
	800
	880
	1,060
	1,170
	1,290

	McIntosh
	730
	800
	970
	1,070
	1,180

	Northern Spy
	820
	900
	1,090
	1,200
	1,320

	Rome Beauty
	530
	580
	700
	780
	850

	Stayman Winesap
	820
	910
	1,100
	1,210
	1,330

	Winesap
	530
	590
	710
	780
	860

	Yellow Newton
	510
	570
	690
	760
	840

	York Imperial
	610
	670
	810
	900
	990

	
	
	
	
	
	

	Mean
	680
	750
	900
	1,000
	1,100


Controlled Atmosphere (CA) Considerations: Apples are the predominant horticultural commodity stored under CA conditions, but the gas composition and storage temperature conditions are specific to variety, growing region, and sophistication of the equipment available for monitoring and controlling the atmospheres. Interactions occur between O2, CO2 and temperature. For example, low storage temperatures increase fruit susceptibility to low O2 injury. Also when very low O2 levels are utilized, levels of CO2 should be reduced to prevent CO2 damage.

The wide range of recommended atmospheres has been reported by Kupferman (1997) and reflects the above factors as well as strategies employed by different industries. Information about CA recommendations for varieties in any growing region should be obtained from local extension personnel.

Until the mid 1970’s, 8 to 10 days were often required to load a CA room and a further 15 to 20 days were needed for fruit respiration to lower O2 to 2.5 to 3%. Fruit quality resulting from these conditions gradually became unacceptable in the marketplace. Rapid CA is now standard practice in many apple industries. Nitrogen flushing equipment enables O2 in CA rooms to be reduced to less than 5% within a few days (h) of harvest, although 4 to 7 days from the time of harvest of the first fruit moved into the room to CA conditions is considered “rapid CA.” For certain varieties, fruit core temperatures must be reduced to predetermined thresholds before application of CA. Even when rooms are filled over extended periods, O2 concentrations are usually lowered by flushing with N2, and it is becoming more common to use N2 flushing for re-sealing rooms that are opened briefly to remove some of the fruit required for marketing. Nitrogen used for flushing is either purchased in tanks or generated on site.
An RH of 90 to 95% is recommended for apples to prevent shrivel. The major causes of dehydration are small coil surface areas and/or frequent defrosting. When CA rooms are designed, the refrigeration engineer should demand the largest coil size feasible for the room. Operators have been reducing the number of defrost cycles to an absolute minimum to optimize RH in the room. Some operators reduce the O2 to the minimum safe level and then raise the temperature to 1 to 2 °C (33.8 to 35.6 °F) to minimize the need to defrost. Some storage rooms are outfitted with high pressure water vapor systems that add moisture to the room and are suited for operation at around 0 °C (32 °F). The air distribution system should be designed to prevent condensation of water droplets on fruit to prevent decay. The use of plastic rather than wooden bins, or poly tubes (bin liners) inside wooden bins, has also helped minimize shrivel of ‘Golden Delicious.’ 

Once fruit have been cooled and CA conditions established, CA storage regimes fall into one of three categories, depending on level of equipment and technology involved.

Standard CA involves conservative atmosphere conditions used with minimum risk of gas-related injuries (Table 4). Control of these atmospheres may be manual by daily reading and adjustment, or via computer controlled equipment. The margin of safety is large enough so that fluctuations in gas concentrations in manually adjusted storages should not cause fruit injury. 

Low O2 CA storage requires that fruit be kept at O2 < 2%, but above the concentration at which fermentation will occur. Non-descriptive terms such as ‘ultralow’ are sometimes used but should be avoided in favor of describing specific O2 percentages. The safe O2 concentration varies by cultivar (Table 4) and region. Delicious apples from British Columbia, Canada, for example, can be stored safely at 0.7% (Lau, 1997) allowing control of superficial scald without use of diphenylamine (DPA). Fruit of the same cultivar from other growing regions may show injury when stored at these low O2 levels (Lau et al., 1998). Strains within a variety can also vary in sensitivity (Lau, 1997). An extreme case is the Marshall strain of ‘McIntosh’ where O2 < 4 to 4.5% are not safe whereas 2 to 3% O2 is acceptable for other ‘McIntosh’ strains (Park et al., 1993). In general, it is necessary to increase storage temperature when low O2 CA storage is used.  A number of guidelines have been developed for safe operation of long-term CA storage. Using these techniques, it has also been possible to minimize risk of low O2 injury in the northeastern U.S:

Apply low O2 CA storage only to apples harvested early in their harvest window. Over-mature fruit can be damaged by low O2 storage.

Avoid apples from orchard blocks that average fewer than five seeds per apple. Low seed count can be a problem with some varieties.

Reduce core temperatures to 1 to 2 °C within 2 days after harvest for ‘McIntosh’ and ‘Empire.’ (In Washington, cooling can take longer as it is done under CA, with the exceptions of ‘Fuji’ and ‘Braeburn’).

Decrease O2 < 5% within 7 days after harvest, except for ‘Fuji’ and ‘Braeburn.’

Raising storage temperatures from 0 to 2 °C can reduce risk. 

Automatic gas analysis/control equipment to eliminate O2 fluctuations that may lead to low O2 injury.

Avoid use of postharvest drench with DPA where possible; it’s application has been associated with low O2 injury, eg., for varieties with low scald risk.
	Table 4.  Atmospheric and temperature requirements for standard CA storage of apples.

	
	
	
	
	Low O2

	
	CO2
	O2
	Temperature
	(1.5 to 1.8%)

	Variety
	(%)
	(%)
	°C
	storage potential (Eastern U.S.)

	Braeburn
	0.5
	1.5-2
	1
	yes

	
	
	
	
	

	Cortland
	2-3
	2-3
	0
	no

	
	2-3 (for 1 mo) then 5
	2-3
	2
	

	
	
	
	
	

	Delicious
	2
	0.7-2
	0
	yes

	
	
	
	
	

	Empire
	2-3*
	2
	2
	yes

	
	
	
	
	

	Fuji
	0.5 *
	1.5-2
	0-1
	yes

	
	
	
	
	

	Gala
	2-3
	1-2
	0-1
	yes

	
	
	
	
	

	Golden Delicious
	2-3
	1-2
	0-1
	yes

	
	
	
	
	

	Granny Smith
	0.5
	1.5-2
	1
	yes

	
	
	
	
	

	Idared
	2-3
	2
	1
	yes

	
	
	
	
	

	Jonagold
	2-3
	2-3
	0
	yes

	
	
	
	
	

	Jonamac
	2-3
	2-3
	0
	no

	
	2-3 (for 1 mo) then 5
	2-3
	2
	

	
	
	
	
	

	Law Rome
	2-3
	2
	0
	yes

	
	
	
	
	

	Macoun
	5
	2-3
	2
	no

	
	
	
	
	

	McIntosh
	2-3 (for 1 mo) then 5
	3
	2
	no

	
	2-3 (for 1 mo) then 5
	2
	3
	

	
	
	
	
	

	Marshall McIntosh 
	2-3 (for 1 mo) then 5
	4-4.5
	2
	no

	
	
	
	
	

	Mutsu
	2-3
	2
	0
	yes

	
	
	
	
	

	Spartan
	2-3
	2-3
	0
	yes

	
	
	
	
	

	Stayman
	2-5
	2-3
	0
	yes

	* CO2 sensitive, keep CO2 well below the O2 level. If not treated with DPA, use 1.5 to 2% CO2 during the first 30 days.


Low ethylene CA storage. Apple fruit are climacteric, with autocatalytic ethylene production often beginning close to harvest. However, rates of ethylene production can vary greatly among apple varieties. An important physiological effect of CA storage is inhibition of either ethylene production or its action due to lowered O2 or increased CO2.

Low ethylene CA storage has been evaluated as a method for reducing superficial scald, as a safe substitute for low O2 CA storage, and for retarding flesh softening and other forms of senescence (Blanpied, 1990). Low ethylene CA storage (< 1 ppm or 1 µL L-1) was used successfully in New York for storage of the naturally low ethylene-producing ‘Empire’ apple, but it has been replaced by low O2 storage. In general, low ethylene CA storage has not proven successful for maintenance of fruit quality if levels of ethylene gas within the fruit cannot be controlled, and generally the return on investment in this technology has been poor. 

Other methods used in conjunction with CA storage to maintain quality of apple fruit include treatments using short-term stress levels of low O2 or high CO2. In varieties including ‘Granny Smith,’ ‘Delicious,’ and ‘Law Rome,’ O2 of 0.25 to 0.5% for up to 2 weeks has resulted in control of superficial scald (Little et al., 1982; Wang and Dilley, 2000). High CO2 (15 to 20%) treatments before application of CA storage were used for maintenance of firmness of ‘Golden Delicious’ apples in northwestern North America, but generally are no longer recommended due to fruit damage (Blanpied, 1990).

Under commercial conditions, fruit from CA rooms should be sampled at monthly intervals to detect development of any storage problems and therefore reduce the chances of major fruit losses. Sampling should be carried out by placing representative samples of fruit near a sampling port in the door of the CA room. Samples should be kept in mesh bags rather than plastic bags to prevent false positive readings for scald. 

CA and Apple Varieties: The selection of CA atmospheres and temperature must take into consideration the variety and in some cases, as mentioned above, the strain of a particular variety, in addition to where it was grown. Experience in Washington has shown that varieties can be divided into two types: those tolerant of high CO2 and those that are not. 

‘Gala’ and ‘Golden Delicious’ are CO2-tolerant varieties which also benefit from rapid reduction of atmosphere. In Washington, fruit with moderate pulp temperatures can be placed into a low O2 environment without danger of CO2 damage. Rapid CA is valuable because it helps retain fruit firmness and acidity better than slowly established CA on these varieties. Washington grown ‘Gala’ and ‘Golden Delicious’ can be stored as low as 1.0% O2 with CO2 levels up to 2.5% at 1 °C (33.8 °F). If the temperature is lowered below this point, O2 is raised. Regular storage is 0 °C (32 °F).

‘Fuji,’ ‘Braeburn’ and ‘Granny Smith’ are varieties in the CO2-intolerant category. Their cells are densely packed and air exchange within the fruit is therefore reduced. In Washington, these apples must have the flesh temperature close to the storage temperature before the O2 is reduced. These varieties have a tendency to develop internal browning, a CO2 damage symptom that is associated with a natural predisposition of the variety (and pre-harvest factors as well as storage regime). CO2 should remain well below the O2 level at all times, and temperatures should be slightly elevated. For example, fruit stored at 1.5% O2 are stored with CO2 below 0.5% at 1 °C (33.8 °F) if fruit are appropriately mature at harvest. It is not advisable to store waxed fruit in boxes with polyliners in CA, as this can hinder air exchange within fruit.

‘Red Delicious’ is somewhat CO2-tolerant and is also tolerant of rapid CA. However, producers have not seen the dramatic positive effects of rapid CA on ‘Red Delicious’ that have been noted on ‘Golden Delicious’ or ‘Gala.’ Delicious fruit soften more rapidly in a bin than on the tree, so CA should not be delayed after harvest. Typical regimes for CA of non-watercored ‘Red Delicious’ are 1.5% O2 and up to 2.0% CO2 at 0 to 1 °C (32 to 33.8 °F).
State regulations on CA storage cover both the safe operation and use of the legal definition of “Controlled atmosphere” for stored apples. Regulations include the rate of establishment of CA conditions, the maximum level of O2 permitted and the length of time fruit are in CA. Since regulations vary from state to state, operators need to contact their state Department of Agriculture.

Many precautions must be taken to assure the safe operation of CA storage rooms. Operators must be aware of the risks of working with O2 levels below those needed for survival. Death can be almost instantaneous. Additional precautions must be taken when working with CA generators to avoid implosion or explosion hazards. In short, workers must be thoroughly trained. Contact your local extension office for information about safety in CA.

1-Methylcyclopropene (1-MCP): Softening, yellowing, respiration, loss of titratable acidity, and sometimes a reduction in SSC, as well as development of several physiological disorders, are delayed or inhibited by 1-MCP application (Watkins, 2001). Responses of fruit to 1-MCP may be affected by cultivar and fruit maturity. Volatile production by apples also is inhibited by 1-MCP, being consistent with the view that volatile production is regulated by ethylene. Consumer studies on acceptability of 1-MCP treated fruit will be required to ensure flavor is not unacceptably compromised.

Retail Outlet Display Considerations: Keeping apple fruit cold reduces metabolic rates and maintains fruit quality, but the trend in most new retail outlets is not to have refrigeration in display tables. Moreover, typical displays in U.S. supermarkets employ stacking of loose fruit with increased risk of bruising. There is some movement towards use of display cartons such as the 60 x 40 box, which reduces the need to handle fruit and ensures more rapid turnover of product.

Physiological Disorders: A wide variety of physiological disorders are found in apple fruit, but susceptibility varies by variety, pre-harvest factors and postharvest conditions (Lidster et al., 1990; Smock, 1977).   Disorders can be considered in three categories:

Disorders that develop only on the tree. The most important of these is watercore in which intercellular air spaces in the core and cortical tissues become filled with liquid, predominantly sorbitol (Marlow and Loescher, 1984). Usually the occurrence of watercore is associated with advancing fruit maturity and low night temperatures prior to harvest, but a variant of the disorder can occur as a result of heat stress. Presence of watercore in fruit at harvest creates problems in certain varieties such as Delicious because fruit with moderate or severe watercore can develop breakdown during storage. By comparison, grade standards for ‘Fuji’ have recently been modified so that watercore in ‘Fuji’ apples is not a grade defect in the U.S. or Canada because watercore is a desirable feature for this cultivar due to the sweetness it imparts to the fruit. Mild or moderate watercore should not be a problem in storage of ‘Fuji’ if fruit are cooled prior to reduction of O2. Severely watercored fruit should not be placed in CA since breakdown will develop over time. 

Disorders that develop on the tree and during storage. Bitter pit is a disorder characterized by development of discrete pitting of the cortical flesh, the pits being brown and becoming desiccated with time (Ferguson and Watkins, 1989). The pits may occur predominantly near the surface or deep in the cortical tissue. An associated disorder, known as lenticel blotch, is also observed in some varieties. The incidence and severity of bitter pit are affected by variety, but within a variety bitter pit is related to harvest date and climate; in susceptible varieties, harvest of less mature fruit can result in higher bitter pit incidence, as can excessive pruning or high temperatures and/or droughty conditions during the growing season. Effects of climatic conditions are at least partly related to low calcium concentrations in the fruit. Development of bitter pit during storage results in financial loss and a number of strategies have been employed to prevent its occurrence (Ferguson and Watkins, 1989). These include prediction of risk based on mineral (mainly low calcium) content at harvest or infusion of magnesium. Rapid cooling, CA storage, and application of postharvest calcium drenches may be able to reduce its occurrence. Recommended rates for application of calcium vary by variety and region; product labels should be followed in conjunction with advice of the local extension specialist. Preharvest applications of calcium may be far more effective than postharvest drenching as a means for increasing the concentration of fruit calcium and reducing bitter pit.

Disorders that develop during storage. These can be divided into senescent breakdown disorders, chilling disorders and disorders associated with inappropriate atmospheres during storage. Senescent breakdown incidence is related to harvest of overmature fruit and/or fruit with low calcium content. It can be exacerbated by storing fruit at higher than optimal temperatures. Fruit of susceptible varieties are commonly drenched with calcium before storage, but incidence of senescent breakdown can also be reduced by harvesting fruit at a less mature stage, rapid cooling and reducing storage duration.  The most common disorders associated with temperature and atmospheres are superficial scald, soft scald, low temperature breakdown, brown core, internal browning, low O2 injury, and high CO2 injury.

Specific Disorders:

Superficial scald (syn. storage scald) is a physiological disorder associated with long-term storage (Ingle and D’Souza, 1989). It was the major cause of apple fruit loss until the advent of postharvest DPA treatments. Variety, climate, and harvest date affect susceptibility of fruit to the disorder, and decisions about treatment with DPA should be made after consultation with a local extension specialist. DPA is usually applied with a fungicide to reduce decay incidence, and calcium salts may also be included at the same time to reduce bitter pit or senescent breakdown. Application of label rates of clean DPA should prevent DPA-induced fruit damage and exceeding residue tolerances. The risk of DPA damage to fruit increases if DPA is not discarded when soil accumulates in the solution. Both DPA use and DPA residues on imported fruit are prohibited in some countries. Another antioxidant, ethoxyquin, is no longer permitted for use on apples. Low levels of O2 in CA storage reduce the risk of scald developing and also may permit use of lower DPA concentrations. Alternative ways of controlling superficial scald are being investigated, and storage operators are reducing use of DPA where possible. Low O2 and low ethylene CA storage also reduce scald incidence. In British Columbia, Canada, 0.7% O2 storage is used as a substitute for DPA treatment (Lau, 1997). This technique cannot be used universally because fruit grown in other regions may be susceptible to low O2 injury or the risk of scald may be greater due to climate or variety.

Soft scald is characterized by irregular but sharply defined areas of soft, light brown tissue that may extend into the cortex. Susceptibility of fruit to soft scald is variety- and climate-related, but effects of harvest maturity are inconclusive. Over-maturity is almost always a contributing factor in ‘Golden Delicious.’ Storing fruit at 3 °C rather than at lower temperatures can sometimes control the disorder, and DPA used for control of superficial scald may also reduce incidence of soft scald. Storage at a lower temperature following prompt cooling can reduce the incidence of soft scald on ‘Golden Delicious.’

Chilling-related disorders. Low temperature breakdown, brown core and internal browning are affected by variety sensitivity to low temperatures and generally increase in incidence and severity as the length of storage is increased. Climate affects sensitivity of fruit to the disorders, with more problems occurring after colder, wetter growing seasons. Low temperature breakdown is characterized by markedly brown vascular bundles, browning of flesh, and a clear halo of unaffected tissue underneath the skin. In contrast to senescent breakdown, the affected tissues are more likely to be firmer, more moist, and darker in color. Brown core (syn. coreflush) involves browning of the flesh, initially in the core area and later in the cortex, where it becomes difficult to distinguish from low temperature breakdown. Internal browning does not involve breakdown of the flesh, but rather a graying of flesh apparent when apples are cut. Internal browning and coreflush are often associated with higher CO2, since both can occur in CA when CO2 is higher than O2. 

Low O2 injury affects fruit in a number of ways. The first indication of injury is loss of flavor, followed by fermentation-related odors. These odors may disappear if storage problems are identified soon enough and severe injury has not occurred. Injury symptoms range from purpling or browning of the skin in a red colored variety, to development of brown soft patches resembling soft scald, to abnormal softening and splitting of fruit. As discussed earlier, varieties vary greatly in response to low O2, and susceptibility to injury is influenced by a number of pre-harvest and postharvest factors.

CO2 injury may be external or internal. The external form consists of wrinkled, depressed colorless or colored areas restricted to the skin surface and usually on the greener side of the fruit. Internal forms are expressed as brown heart and/or cavities in the flesh. Recent studies have shown that DPA can reduce incidence of both external and internal CO2 injuries.

Postharvest Pathology: The main postharvest diseases of apples that develop in storage are blue mold caused by Penicillium species and gray mold caused by Botrytis cinerea. Blue mold is the most common and destructive of all the rots. Most blue mold decays are caused by P. expansum, but P. solitum, P. commune, and P. crustosum are also common postharvest pathogens of apples (Sanderson and Spotts, 1995). Penicillium species enter fruit primarily through cuts, stem punctures, and bruises (Wright and Smith, 1954). However, some cultivars of apples can also be invaded via the stem during long-term CA storage (Rosenberger, 1999).  

Numerous other pathogens can also appear in stored apples (Jones and Aldwinckle, 1990; Pierson et al., 1971; Snowdon, 1990). Some postharvest pathogens infect fruit in the field but remain latent or quiescent until after apples are harvested and placed into storage. These include the Colletotrichum species that cause bitter rot, Botryosphaeria species that cause black rot and white rot, and Pezicula malicortis, the cause of bull’s eye rot (Rosenberger, 1990). Postharvest decays initiated in the field must be controlled using fungicides or other disease management strategies during the growing season.

Blue mold and gray mold have been controlled since the early 1970’s using postharvest applications of benzimidazole fungicides. Thiabendazole (TBZ), benomyl, and thiophanate-methyl were all registered for postharvest use on apples until the postharvest labels for benomyl and thiophanate-methyl were withdrawn in the early 1990’s. TBZ is usually applied immediately after harvest in combination with the antioxidant DPA (Hardenburg and Spalding, 1972). TBZ may be applied a second time as a line spray or in wax as apples are packed.

Benzimidazole-resistant strains of P. expansum and B. cinerea were discovered in apple storages during the mid- to late-1970’s. However, postharvest application of a benzimidazole plus DPA continued to control blue mold and gray mold because most benzimidazole-resistant strains of the pathogen were highly sensitive to DPA (Rosenberger and Meyer, 1985; Sharom and Edgington, 1985). During the mid-1990s, the incidence of blue mold began to increase in some apple packinghouses where the predominant strains of P. expansum had developed resistance to benzimidazole-DPA combination. Gray mold is still controlled by the benzimidazole-DPA combination, presumably because it does not recycle on field bins as readily as does P. expansum, and it therefore has been subjected to less selection pressure for fungicide resistance.

Captan has a postharvest registration but has proven only moderately effective for controlling P. expansum and B. cinerea. Captan residues are not acceptable in some export markets.  The new fungicide fludioxonil is very effective for controlling P. expansum on apples (Rosenberger et al., 2000).  Fludioxonil is not yet approved for use on apples in the U.S., but it may receive an EPA registration in the near future.

Much effort has been devoted to development of biocontrols for postharvest diseases of apples (Chand-Goyal and Spotts, 1997; Wisniewski et al., 1995; Roberts, 1990; Janisiewicz, 1998; Mercier and Wilson, 1994; Filonow et al., 1996). The controlled postharvest environment theoretically should allow selection of biocontrol agents particularly suited to those environments.  Many of the biocontrol agents selected and developed to date have proven very effective in controlled tests, but commercialization of biocontrols has been slow. Product developers view the market potential for postharvest treatments as relatively limited because the products are applied in a closed environment rather than being sprayed over thousands of acres as are conventional fungicides used to protect crops in the field.  Furthermore, liabilities involved in postharvest treatment of apples are considerable both because of the value of the stored crop and because apples as a commodity have previously been spotlighted in debates relating to food safety issues. In addition, devising shelf-stable formulations of biocontrol agents has been difficult.  Some currently registered products must be kept frozen until use. Activity of biocontrol organisms may be compromised by excessively high pathogen inoculum or by presence of other compounds in postharvest treatment mixtures.

Biocontrols generally cannot provide eradicant activity against established infections. Thus, infections by P. expansum that occur during harvest can be controlled with TBZ fungicide that is applied several hours later whereas most biocontrol agents are ineffective if the pathogen is already established in the infection court when the biocontrol is applied. Using combinations of biocontrols and reduced rates of TBZ may be more effective than using either product alone (Chand-Goyal and Spotts, 1997). When such combinations are used, the chemical fungicide may provide eradicant and short-term protectant activity necessary to prevent decays until the biocontrol agents become established in wounds or other infection courts. Biocontrols provide some protection against TBZ-resistant strains of the pathogens for which no other controls are currently available.

Regardless of the postharvest fungicide or biocontrol strategies that may evolve from current research, good sanitation will remain essential for reducing disease incidence. Inoculum for blue mold recycles from year to year on contaminated field bins and in packinghouses and cold storage rooms (Rosenberger, 2001). Recycling of P. expansum on field bins results in repeated exposure of the same pathogen strains to postharvest fungicide treatments, thereby contributing to more rapid selection of fungicide-resistant strains. Badly contaminated bins should be cleaned and disinfested (steam-cleaned) before they are re-used for a new crop. Plastic bins may carry less inoculum than wooden bins. Plastic bins also have the advantage of reducing bruising and abrasion where apples contact the sides of bins.  Careful fruit handling, rapid cooling after harvest, and storage at recommended temperatures also help limit postharvest decays.

Quarantine Issues: These vary widely according to marketplace and country and guidance should be sought from the local Department of Agriculture.
Suitability as Fresh-cut Product: As for other fruit, methods to reduce senescence and browning processes in cut apples are being investigated and commercial products are available (Lee and Smith, 1995).  However, potential for improvement is large. 

Additional Information and Websites: Many states have workshops and materials available. Washington, Michigan and New York offer regular CA workshops and proceedings are available from Michigan State University and Cornell University, respectively. Contact your local extension office or horticulture society to obtain information for your state. In addition, newsletters are available. Examples of information sources are the Cornell Fruit Handling and Storage Newsletter (www.hort.cornell.edu) and the Washington State University website at www.postharvest.tfrec.wsu.edu. 
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Apricots
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Scientific Name and Introduction:  The apricot is native to central and western China.  Apricots were brought to Italy about 100 B.C., to England in the 13th century, and to North America by 1720.  Most of the apricots in the U.S. are grown in California, with much smaller amounts grown in Washington and Utah.

Quality Characteristics and Criteria:  Fruit size, shape, freedom from defects (including gel breakdown and pit burn) and decay are all important quality criteria.  High consumer acceptance is attained for fruit with high (> 10%) SSC and moderate TA (0.7 to 1.0%).  Apricots with 2 to 3 lb-force flesh firmness are ready-to-eat.  Most cultivars soften very fast making them susceptible to bruising and subsequent decay.

Horticultural Maturity Indices:  In California, harvest date is determined by changes in skin ground color from green to yellow.  The exact yellowish-green color depends on cultivar and shipping distance.  Apricots should be picked when still firm because of their high bruising susceptibility when fully-ripe and soft. 

Grades, Sizes and Packaging:  Apricots are always harvested by hand, usually into picking bags or plastic totes.  Apricots are generally handled in half bin or totes and hand-packed.  In some cases, apricots are dry-dumped onto a padded packing line belt.  Apricots are tray-packed in single and double layers, or volume-filled (about 10 kg net).  Apricots should be uniform in size, and not more than 5% by count of the apricots in each container may vary more than 6-mm when measured at the widest part of the cross section. 

Optimum Storage Conditions:  Apricots are seldom stored in large quantities, although they keep for 1 to 2 weeks (or even 3 to 4 weeks depending on the cultivar) at -0.5 to 0 ºC with RH of 90 to 95%.  Susceptibility to freezing injury depends on SSC, which varies from 10 to 14%.  The highest freezing point is -1.0 ºC. 

Controlled Atmosphere (CA) Considerations:  The major benefits of CA during storage/shipment are to retain fruit firmness and ground color.  CA conditions of 2 to 3% O2 + 2 to 3% CO2 are suggested for moderate commercial benefits; the extent of benefits depends on cultivar. Exposure to < 1% O2 may result in development of off-flavors and > 5% CO2 for > 2 weeks can cause flesh browning and loss of flavor.  The addition of 5 to 10% CO2 as a fungistat during transport (< 2 weeks) may improve the potential for benefit from CA.  Pre-storage treatment with 20% CO2 for 2 days may reduce incidence of decay during subsequent transport and/or storage in CA or air.

Retail Outlet Display Considerations:  Cold table display is recommended because of their fast ripening.  Ripening before consumption should ideally be done at temperatures of 18 to 24 ºC.

Chilling Sensitivity:  Chilling sensitive cultivars develop and express chilling injury symptoms, ie., gel breakdown, flesh browning and loss of flavor, more rapidly at 5 ºC than at 0 ºC.  Storage at 0 ºC is necessary to minimize incidence and severity of chilling injury on susceptible cultivars. 

Rates of Ethylene Production and Sensitivity:  Ethylene production rate increases with ripening and storage temperature from < 0.1 μL kg-1 h-1 at 0 ºC (32 °F) to 4 to 6 μL kg-1 h-1 at 20 ºC (68 °F) for firm-ripe apricots and higher for soft-ripe apricots.  Exposure to ethylene hastens ripening (as indicated by softening and color changes from green to yellow).  Also, ethylene may encourage growth of decay-causing fungi.
Respiration Rate:
Temperature
mg CO2 kg-1 h-1
0 ºC
4 to 8

10 ºC
12 to 20

20 ºC
30 to 50

To get mL kg-1 h-1, divide the mg kg-1 h-1 rate by 2.0 at 0 °C (32 °F), 1.9 at 10 °C (50 °F), and 1.8 at 20 °C (68 °F).  To calculate heat production, multiply mg kg-1 h-1 by 220 to get BTU per ton per day or by 61 to get kcal per metric ton per day.
Physiological Disorders:

Gel Breakdown or Chilling Injury: Develops in cold storage, particularly at 2.2 to 7.6 ºC when apricots are stored for a long time period.  This physiological problem is characterized in early stages by the formation of water-soaked areas that subsequently turn brown. Breakdown of tissue is sometimes accompanied by sponginess and gel formation.  Fruit stored at these temperatures have short market-life and lose flavor.

Pit Burn: Flesh tissue around the stone softens and turns brown when the apricots are exposed to temperatures above 38 ºC (100 °F) before harvest.  This heat injury increases with higher temperatures and longer durations of exposure.

Postharvest Pathology:  

Brown rot is caused by Monilia fructicola and is the most important postharvest disease of apricot.  Infection begins during flowering.  Fruit rots may occur before harvest, but often occur postharvest.  Orchard sanitation to minimize infection sources, pre-harvest fungicide application and prompt cooling after harvest are control strategies.

Rhizopus Rot, caused by Rhizopus stolonifer, occurs frequently in ripe or near-ripe fruit held at 20 to 25 ºC (68 to 77 °F).  Cooling fruit and holding below 5 ºC (41 °F) is very effective for controlling this fungus.

Quarantine Issues:  Apricots are currently exported from California to Canada and Mexico and imported from Chile and New Zealand.  California apricot shipments to Canada, except British Columbia, are not restricted.   For export to British Columbia and Mexico, apricots must be free of oriental fruit moth (Grapholita molesta/Cydia molesta).  Apricots shipments require a phytosanitary certificate (PC) and a clear statement that the fruit were produced and inspected in accordance with the system approach guidelines agreed to by APHIS and the CFIA.  

For export to Mexico, a PC stating that the fruit are free of Western fruit tree leaf roller (Archips argyrospilus), navel orangeworm (Amyelois transitella), oblique banded leaf roller (Choristaneura rosaseana), orange tortrix (Argyrotaenia citrana), carob moth (Spectrobates ceratoniae), omnivorous leaf roller (Platynota stultana), and peach twig borer (Anarsia lineatella) is needed.  Additionally, a clear statement is required that the fruit were produced and inspected in accordance with the Mexico work plan.  A copy of the work plan for the exportation of apricot fruit from United State to Mexico can be obtained from the PPQ regional office in Sacramento.  The work plan is only valid for the current season.

Methyl bromide fumigation is required on apricot imported from Chile, but not from New Zealand.  In some cases, apricots may be pre-cleared.  For this the shipments must be accompanied by a PPQ Form 203 signed by the APHIS inspector on site in Chile. 

Suitability as Fresh-cut Product:  Fresh-cut apricot wedges should be kept at 0 ºC (32 °F) and 90 to 95% RH to maintain quality for 2 to 5 days, depending on cultivar and ripeness. 

Special Considerations:  The greatest hazard in handling or shipping apricots is decay, mainly brown rot and rhizopus rot.  Quick cooling of apricots to temperatures of 4 ºC (39.2 °F) or lower and holding them as near to 0 ºC (32 °F) as possible will retard ripening, softening and decay. 
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Scientific Name and Introduction: Eugenia stipitata Mac Vaugh, known as the arazá (Arkcoll, 1990; Morton, 1987), is a berry from a perennial tree of the Myrtaceae family.  Two subspecies were described by McVaugh (1956): stipitata from Brazil and Peru (also known as ara(á-boi in Brazil or as pichi in Peru, the wild one), and sororia from Peru (also called rupina caspi, the domesticated one).  One landrace occurs in the Western Amazon (Gentil and Clement, 1997). Arazá is primarily grown in the Western Amazon, as well as in Costa Rica.  There can be four flowering periods per year with 2 mo harvest periods followed by a 1 mo break (Swift and Prentice, 1983).  The main harvest season is February to May for the subsp. stipitata in Belem, Brazil (Morton, 1987), and two main production seasons exist (March to May and October to December) in Colombia’s Northern Amazon, whereas production is year-round in the Southern Amazon.

Quality Characteristics and Criteria:  High quality arazá are juicy with bright, canary yellow flesh, bright yellow to orange rind, with no signs of shriveling, bruises or skin scald.  The edible portion is slightly fibrous with an exquisite fragrance, but has an extremely sour taste (Arkcoll, 1991).  Arazá fruit are noticeable for their high acidity (mostly malate, followed by succinate, and to a lesser extent citrate), minerals, a moderate ascorbic acid content, and low concentrations of reducing sugars (Gentil and Clement, 1997; Hernández et al., 2001a,b,c).  Quality defects include susceptibility to anthracnose, scab (Sphaceloma sp), rust (Uromyces sp.), soft fruit texture, loss of aroma, skin scald at sub-optimum temperatures, and high weight losses, particularly at low RH (Galvis and Hernández, 1993b; Arkcoll, 1991, Tai Chun, 1995). The average number of seeds per fruit and seed length depends on the sub-specie (Ferreira, 1992; Morton, 1987; Swift and Prentice; 1983; Rodriguez, 1990). Thirty volatile compounds have been identified in ripe arazá fruit, all sesquiterpenes, with germacrene D the most abundant compound (Franco and Shibamoto, 2000).

Horticultural Maturity Indices: Fruit are harvested green (Hue angle values above 100°) to avoid fruit softening (Arkcoll, 1991; Galvis and Hernández, 1993a,b).  Harvest criteria are primarily size and color, and texture to a lesser extent.  If arazá fruit mature on the tree, shelf-life is only about 3 days after harvest.

Grades, Sizes and Packaging:  Average fruit range from 100 to 200 g, and equatorial diameters range from 4 to 10 cm (Ferreira, 1992).  The domesticated round to oblate fruit from subsp. sororia reach from 50 to 800 g, while the wild subsp. stipitata reaches 20 to 56 g (Morton, 1987; Rodriguez, 1990).  In Colombia, markets pack fruit in baskets of small (< 100 g), medium (150 to 200 g) and large (200 to 350 g) fruit.

Pre-cooling conditions: Arazá should be cooled after harvest to around 13 °C (55.4 ºF) within 24 h of harvest in a refrigerated chamber using air with 90 to 95% RH to maximize storability.

Optimum Storage Conditions:  The recommended conditions are 12 to 13 °C (53.6 to 55.4 ºF) and 90 to 95% RH.  Arazá fruit can be kept in good condition for 2 weeks at 12 °C (53.6 ºF), 7 days at 10 °C (50 ºF), and 5 days at 20 °C (68 ºF) (Hernández et al., 2001a; 2001c).

Controlled Atmosphere (CA) Considerations:  MA reduces weight loss, shriveling, development of skin scald, decay, softening, and the loss of TA (Hernández et al., 2001a). Low-density polyethylene (LDPE) films have been used for MA. However, the effectiveness of MA storage is dependent on maturity, cultivar, temperature and atmosphere.  The steady state in passive MA using PE film resulted in a steady state reached after 6 days at 10 °C (50 ºF) and gas composition of 5 to 6% CO2 and 13% O2, depending on the LDPE film used (Hernández et al., 2001a).  The use of active MA with 5% O2 and 5% CO2 with LDPE of 38 (m thickness results in maximum quality, but no recommendation can be made for MA storage.  Use of active MA with 5% O2 + 5% CO2 with LDPE of 38 (m resulted in maximum quality, but no recommendation could be made for MA storage.  If O2 decreases < 2%, subsequent ripening in air may be irregular or inhibited.

Retail Outlet Display Considerations:  Use of molded plastic trays, as well as individual seal packaging with high OTR films are acceptable.  Weight loss at RH < 90% and bruising are serious problems.

Chilling Sensitivity:  Arazá fruit are sensitive to chilling temperatures below 12 to 13 °C (53.6 to 55.4 ºF). At 8 to 10 °C, fruit should be stored < 5 days to avoid chilling injury.
Ethylene Production and Sensitivity:  Ethylene production and sensitivity have not been determined.  Fruit are climacteric.

Respiration Rates:
Temperature
Pre-climacteric
Climacteric


(mg CO2 kg-1 h-1)

10 ºC
40 to 323
601

13 °C
60 to 337
861

20 °C
140 to 310
1283

To get mL kg-1 h-1, divide the mg kg-1 h-1 rate by 2.0 at 0 °C (32 °F), 1.9 at 10 °C (50 °F), and 1.8 at 20 °C (68 °F).  To calculate heat production, multiply mg kg-1 h-1 by 220 to get BTU per ton per day or by 61 to get kcal per metric ton per day.  Data are from Galvis and Hernández (1993a,b) and Hernández et al. (2001b).

Physiological Disorders: The main disorders are skin scald, browning partly due to bruises, abnormal ripening or uneven to ripe symptoms (green color, high flesh firmness), lack of flesh juiciness, increase in acidity, and green skin spots (Hernández et al., 2001b; Tai Chun, 1995).  CaCl2 application particularly at > 4% (w/v) can result in abnormal ripening.  Green skin spots remain on the fruit, and small brown spots develop which later expand into necrotic lesions that become sites for fungal infection.

Postharvest Pathology: The main rot in arazá is anthracnose (Gloesporium album) on wounds or chilling injured (scalded) areas (Arkcoll, 1991; Hernández et al., 2001b,c).  Cylindrocladium scoparium rot is characterized initially by small light brown lesions, which evolve to severe damaged areas that can reach about 0.3 cm of pulp depth (Nuñes et al., 1995).  The pathogenicity of Curvularia spp. isolated from rotted fruit is under study, although symptoms are fruit softness and pink spot areas in the pulp with lack of juice and fermentative degradation.  The incidence of rust (Puccinia psidii or Uromyces sp.) has been recorded in Manaus and Costa Rica (Moraes et al., 1994; Tai Chun, 1995).  Yeasts are a minor problem with fruit bruises and/or chemical-scalded areas caused by calcium dips of  4 to 8% (Hernández, unpublished results).

Quarantine Issues:  Quarantine pests include Anastrepha obliqua and A. striata (diptera: tephritidae) (Saldanha and Silva, 1999). The coleoptera Conotrachelus eugeniae and Atractomerus immigrans have been reported on arazá rinds.  Neosilba zadolicha (diptera: lonchaeidae) larvae are seldom present on fruit blemishes caused by these insects (Couturier et al., 1996).  Mediterranean fruit fly (Ceratitis capitata Wied) has been identified in Costa Rican orchards (Moraes et al., 1994; Swift and Prentice, 1983; Tai Chun, 1995).

Special Considerations:  Fruit are highly susceptible to dehydration and shriveling.  A warming treatment of 18 h at 20 (C (68 ºF) with 90% RH after 6 days at 10 (C (50 ºF) reduces skin scald and associated decay, and extends shelf-life up to 2 weeks (Hernández et al., 1999; 2001c).
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Scientific Name and Introduction: Cynara scolymus L., the globe artichoke, is a perennial of the Asteraceae (Compositae) family.  The edible portion includes the tender immature flower bud and fleshy central base that is protected by a cone of short, thick-stemmed bracts.  The main types include Green Globe, Desert Globe Imperial Star, Emerald and Big Heart.  Artichokes are primarily grown in California and are available year-round.

Quality Characteristics and Criteria: A high quality artichoke will have tightly closed, turgid outer bracts without signs of black tip, blistering or browning.  They should be medium to dark glossy green in color and some cultivars may have a magenta color at the base of each bract.  The artichoke should not be soft when squeezed and feel heavy for their size.  Both thorny and thornless cultivars are used commercially.   

Horticultural Maturity Indices:  The outer bracts of an artichoke ready for harvest should be tightly closed, firm and turgid.  They are harvested when immature and selected based on size and compactness.

Grades, Sizes and Packaging:  Grades include U.S. No. 1 and U.S. No. 2 based primarily subjectively on external appearance.  Sizes are defined as: Small (≤ 2 in in diameter); Medium (8 to 10 oz.); and Large (over 15 oz.).  Buds are classified by the number that fit into a standard carton of about 23 lb; eg., size 18 buds (18 buds per carton, or >18s).  The fresh market prefers 24s and 36s, but some retailers prefer 36s and 48s since they are generally priced by bud, not by weight. 
Pre-cooling conditions:  In order to maintain quality and storage-life, artichoke buds should be pre-cooled to below 5 °C (41 °F) within 24 h of harvest (Lipton and Stewart, 1963). Hydro-cooling, forced‑air cooling and package‑icing are common methods of postharvest cooling of artichokes and will generally retard deterioration such as discoloration, weight loss and decay.

Optimum Storage Conditions:  The recommended conditions for storage of artichokes are 0 °C (32 °F) and >95% RH.  Artichoke buds can be kept in good condition for 2 weeks at 0 °C (32 °F), 10 days at 5 °C (41 °F) and 5 days at 10 °C (50 °F) (Ryall and Lipton, 1979; Saltveit, 1991).

Controlled Atmosphere (CA) Considerations:  A reduction in browning of the outer bracts is the major benefit from CA storage when artichokes are stored at temperatures higher than 0 °C (32 °F). However, the effectiveness of CA storage is dependent on bud maturity, cultivar, temperature and the particular atmosphere used. (Andre et al., 1980; Rappaport and Watada, 1958; Ryder et al., 1983).  Optimal CA conditions vary widely among cultivars, ranging between 1 to 6% O2 and 2 to 7% CO2 (Andre et al., 1980; Escriche et al., 1982; Ryall and Lipton, 1979; Saltveit, 1997).  Little or no beneficial effect on quality retention can be obtained by CA storage when artichoke buds are stored at 0 °C (32 °F) (Miccolis and Saltveit, 1988). Therefore, no general recommendation can be made for CA storage.  O2 < 2% may result in internal blackening (Suslow and Cantwell, 1998).

Retail Outlet Display Considerations: Use of both top ice and water sprinklers are acceptable.

Chilling Sensitivity:  Artichokes are not sensitive to chilling temperatures and should be stored as cold as possible without freezing.

Ethylene Production and Sensitivity: Artichokes produce only very low amounts of ethylene and are not particularly sensitive to ethylene exposure.

Respiration Rates:
Temperature 
mg CO2 kg-1 h-1
0 °C
16 to 44

5 °C
26 to 60

10 °C
44 to 98

15 °C
76 to 144

20 °C
134 to 252

To get mL kg-1 h-1, divide the mg kg-1 h-1 rate by 2.0 at 0 °C (32 °F), 1.9 at 10 °C (50 °F), and 1.8 at 20 °C (68 °F).  To calculate heat production, multiply mg kg-1 h-1 by 220 to get BTU per ton per day or by 61 to get kcal per metric ton per day.  Data from Suslow and Cantwell, 1998.

Physiological Disorders:  Splitting of the bract tip is a common problem caused by rough handling during and after harvest.  The surfaces of bracts are also easily bruised and scratched, so careful handling is important.  The abraded areas usually turn brown or black, which greatly detracts from appearance and quality, and provide a route through which microorganisms can enter.  Also, violet discoloration of inner bracts occurs, the severity of which was low when artichokes were stored < 10 °C (50 °F) or above 25 °C (77 °F) (Bianco, 1979) and may have been due to low ethylene production (Ryder et al., 1983).

Postharvest Pathology:  The most common decay found in artichokes is gray mold (Botrytis cinerea) (Moline and Lipton, 1987).  The lesions most frequently begin on wounds and spread to other areas of the bud.  Since storage at low temperatures slows the rate of spread of the disease, fungal growth near freezing temperature is minimal.  Bacterial soft rot (Erwinia carotovora) may be a problem in storage and distribution if optimum temperature is not maintained.  Therefore, low temperatures must be maintained throughout the cold chain to minimize pathological disorders and prolong shelf-life.

Quarantine Issues: None.

Suitability as Fresh-cut Product:  No current potential.

Special Considerations: Artichokes must be handled with care to avoid mechanical damage and therefore limit discoloration and pathological problems.  During Winter, artichokes may have a white or bronze blistered appearance due to being frosted in the field.  The artichokes are said to have been “frost kissed.”  This is purely an appearance issue and does not affect eating quality.  In fact, this condition may enhance the nutty flavor.  Avoid wilted, moldy, significantly discolored, or woody (over-mature) artichokes. 
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Scientific Name and Introduction:  The cultivated varieties of Chinese and Japanese pears were developed from Pyrus ussuriensis Maximowicz, P. serotina Rehder (P. pyrifolia [Burman] Nakai), and possibly other native species, according to Kikuchi (1948).  Hu (1937) included the Chinese varieties 'Tsu Li' and 'Ya Li' under the binomial P. bretschneideri Rehder.  Catlin and Olsson (1966) reported the Japanese pears 'Kikusui', 'Nijisseiki' (‘20th Century’), 'Seigyoku', 'Shinseiki', 'Chojuro', 'Doitsu', 'Imamura Aki', and 'Ishiiwase' were varieties of P. serotina, and were unable to distinguish 'Tsu Li' and 'Ya Li' from the Japanese varieties.

Asian pears remain firm, and are crisp and juicy when eating-ripe, whereas ‘Bartlett’ and other Pyrus communis Linnacus varieties become soft and melting when ripe.  Asian pears are also called Oriental pears, Chinese pears, Japanese pears, nashi, sand apples, and salad pears.  In fresh-fruit market reports, they are usually called "apple pears," an unfortunate and misleading term.  Although most Japanese pear varieties are roundish, their texture and flavor are entirely different from those of apples.  The main Chinese pear varieties are pyriform.  Sometimes market reports refer to Asian pears as "apple (Shalea) pears."  The name Shalea probably is derived from the word "sha li", which means "sand pear" in Chinese.  ‘Sha Li’ is the name of one of three main groups of pears grown in China, as well as the name of an old variety in the group (Hu, 1937). 

Quality Characteristics and Criteria:  Freedom from mechanical injury ('Nijisseiki' pears are very sensitive to impact and compression bruising; 'Tsu Li' and 'Ya Li' pears increase in susceptibility to bruising after storage; 'Chojuro' pears are firmer and more resistant to mechanical damage).  Flesh firmness (penetration force using an 8-mm tip) of 7 to 10 lb-force depending on cultivar is optimum for eating; only small changes in firmness occur during storage at 0 °C (32 °F).  Asian pears should be juicy (not mealy) and sweet with 11 to 14% SSC depending on cultivar).

Horticultural Maturity Indices:  Change in skin color from green to yellowish green ('Nijisseiki', 'Shinseiki', 'Tsu Li', 'Ya Li') or to golden brown ('Hosui', 'Kosui', 'Niitaka', 'Shinko').  Delayed harvest (which does not always mean higher SSC) results in increased incidence and severity of physiological disorders and greater susceptibility to physical injury.

Grades, Sizes and Packaging:  Fruit should be held lightly in the palm of the hand and an upward twisting motion used to remove the fruit from the spur.  A natural abscission layer forms at the spur end of the stalk and separation at this zone becomes easier as fruit mature.  A pulling motion can result in damage as the stalk can be removed from the fruit.

The skin of Asian pears is very susceptible to abrasion and friction marks.  Smooth-surfaced containers such as polystyrene trays, shallow plastic buckets, or plastic trays with foam pads should be used for collecting fruit.

Fruit should be placed into trays or buckets with the stem end up, preferably in single layers and packed firmly to avoid movement.  Care must be taken to avoid stem punctures if fruit are packed as two or more layers.  Bulk handling of fruit should be confined to the use of single trays stacked together in a large bin rather than volumes of fruit packed into large trays or bins.  Once fruit is harvested it should be placed in the shade and not left in direct sunlight.

Optimum Storage Conditions:  Asian pears should be stored at 0 ºC (32 ºF) in trays complete with packet pack and polyliners.  It is necessary to maintain a RH > 90% in the storage atmosphere because fruit are susceptible to water loss.  When water loss has been greater than 5 to 7%, fruit become dehydrated and have a shriveled appearance, especially in ‘Kosui’ and ‘Hosui.’  Eating quality is also affected and fruit lack a crisp and juicy texture.

The continued presence of ethylene in the storage environment may enhance the development of skin browning and fruit senescence.  Therefore, ethylene levels in the coolstore should be kept as low as possible.  Asian pears should not be stored for long periods with fruit that produce high levels of ethylene.  Damaged or decayed fruit or fruit with disorders produce higher levels of ethylene than sound fruit and should not be stored alongside sound fruit.

Forced-air cooling is not recommended for Asian pears.  Results from experiments conducted with Asian pears grown in New Zealand indicate that there is no benefit to fruit quality (fruit firmness and SSC) from rapid pre-cooling.  Furthermore, fruit are likely to have a higher incidence of flesh spot decay during storage if they have been rapidly cooled within 24 h of harvest.  Therefore, it is recommended that fruit be room cooled after harvest.

Optimum Temperature:  Optimum storage conditions are 0 °C ± 1 °C (32 °F ± 2 °F) with RH of 90 to 95%. The freezing point is -1.5 °C (29 °F); it will vary depending on SSC.
Respiration Rates:

Temperature
mg CO2 kg-1 h-1
0 °C
2 to 8
20 ºC
20 to 30
To get mL kg-1 h-1, divide the mg kg-1 h-1 rate by 2.0 at 0 °C (32 °F), 1.9 at 10 °C (50 °F), and 1.8 at 20 °C (68 °F).  To calculate heat production, multiply mg kg-1 h-1 by 220 to get BTU per ton per day or by 61 to get kcal per metric ton per day.
Controlled Atmosphere (CA) Considerations:  Based on limited studies it appears that the magnitude of CA benefits for Asian pears is cultivar-specific and is generally less than that for European pears and apples.  CA may extend storage duration of some Asian cultivars by about 25% relative to storage in air.  O2 levels of 1 to 3% for some cultivars (such as 'Nijisseiki') or 3 to 5% for others (such as 'Ya Li') help retain firmness and delay changes in skin color.  Asian pears are sensitive to CO2 injury (> 2% CO2 for most cultivars) when stored > 1 mo.
Retail Outlet Display Considerations:  Display shelf should be kept as cold as possible without freezing or ice.

Rates of Ethylene Production and Sensitivity:  Some cultivars (such as ‘Nijisseiki’, ‘Kosui’, and ‘Niitaka’) produce very little ethylene at < 0.1 µL kg-1 h-1 and have a non-climacteric respiratory pattern (no rise in CO2 production during ripening).  Other cultivars, such as Tsu Li, Ya Li, Chojuro, Shinsui, Kikusui, and Hosui have a climacteric respiratory pattern and produce ethylene up to 9 to 14 µL kg-1 h-1 (Tsu Li and Ya Li) or 1 to 3 µL kg-1 h-1 (other cultivars) at 0 °C (32 °F).

Exposure of climacteric cultivars to >1 µL L-1 ethylene accelerates loss of green color and slightly increases softening at 20 °C (68 °F).  The effects at 0 °C (32 °F) are minimal.

Physiological Disorders:  Internal breakdown and chilling injury can be a problem with Chinese pear cultivars, such as Ya Li, Daisui Li, Seuri, Tse Li, Shin Li, and Korean pears, such as Shingo, Okysankichi, and Dan Be.  Internal browning or core breakdown is the main worldwide consumer complaint.  Development of brown to dark-brown water-soaked areas in the core and/or flesh occurs during storage, with no visible external indication of internal browning. 

Fruit grown under California conditions and picked later than 180 days (3000 degree days) after full bloom are likely to develop browning during storage.  The fruit should be picked when most of the pears on the tree are still green, although it is alright if a few at the top have begun to develop some light-yellow spots.  Fruit picked when the skin is completely yellow will develop internal browning within 1 mo after harvest.  In China, reduction of ‘Ya Li’ internal breakdown has been accomplished using a temperature program that decreases storage temperature gradually.

Flesh Spot Decay (FSD) can be a problem with Japanese pear cultivars.  FSD is more frequent on large (± 300 g) and over-mature fruit.  FSD limits opportunities to grow and market Japanese pears.  Symptoms include partial browning of spots and/or development of cavities in Asian pear flesh.  It appears along and around the vascular bundles when the symptoms are severe, but there is no external indication of the disorder.  Generally, FSD is more pronounced above the equator of the fruit (towards the stem end), but it can also be observed all the way down to the calyx.  Cavities are usually dry and surrounded by apparently healthy tissue.  This disorder can occur in fruit while still on the tree.  It is more obvious, however, after 2 to 6 weeks cold storage. The cause of FSD is still unknown.  However, climatic factors, such as a fluctuating hot and cool Summer, or high rainfall right before harvest may enhance the incidence of this disorder. There is no effective way to control FSD since definite causes have not been identified.  The problem is the inability to predict FSD without cutting the fruit.  Further research needs to be done to determine the causes, variety susceptibility in local climates, and other control methods either pre- or postharvest that will reduce FSD symptoms to a commercially acceptable level.  Meanwhile, avoid whenever possible the following conditions that might induce FSD: low crop load (large fruit), later picking (advanced maturity), extreme temperature changes during the maturation season, sunburn, erratic irrigation or precipitation (frequency, amount and timing), harvesting fruit under warm temperatures, and cooling the fruit rapidly. 

Low O2 injury manifests itself as discolored surface depressions from exposing ‘Nijisseiki’ pears to ≤ 1% O2 for 4 mo at 0 ºC (32 ºF) and from exposing ‘Ya Li’ and ‘Tsu Li’ pears to ≤ 1% O2 for 2 mo, ≤ 2% O2 for 4 mo, or ≤ 3% O2 for 6 mo at 0 ºC (32 ºF).

High CO2 injury is manifested as core or medial flesh browning, with cavities developing in severe cases as a result of desiccation of dead tissue.  ‘Ya Li’ pears can exhibit CO2 injury after exposure to ≥ 5% CO2 for 6 weeks at 0 ºC (32 ºF).

Watercore symptoms (glassy diffuse water-soaked areas in flesh; affected areas may taste sweet and turn slightly brown) occur in some cultivars (eg., ‘Nijisseiki’, ‘Shinseiki’, ‘Hosui’) under conditions favoring vigorous tree growth.  Avoid harvesting over-mature fruit to reduce watercore incidence and severity.

Superficial scald or skin browning can occur after long-term (> 16 weeks) storage of ‘Shinsiki’ and ‘Nijisseiki’ fruit.  Long-term storage can lead to the development of a skin disorder that is characterized by the appearance of scald-like browning symptoms.  Initially, the affected areas of the skin are light brown in color, but as the disorder progresses the skin becomes dark brown and develops a bronze, scald-like appearance.  The disorder is confined to the skin and is similar to superficial scald in apples.  Scald appears to be a problem associated with packaging in that most of the scald appears at the calyx end or that portion of the fruit which is tightly confined within the pocket of the pocket pack.  However, the whole fruit surface is susceptible to the disorder, which is rapidly induced if Asian pears are stored together with apples.

To avoid the disorder, adequate ventilation during storage and storage of fruit in a relatively ethylene-free atmosphere is recommended.

Postharvest Pathology:  Asian pear fruit are susceptible to many pathogens, such as Botrytis, Alternaria and Phomopsis species.  These pathogens invade fruit through wounds caused by mishandling of fruit after harvest. The rots develop slowly in fruit during storage and eventually the whole fruit becomes affected.  Affected flesh areas become soft and discolored.  Damage to fruit surfaces by birds while fruit are on the tree can provide entry points for pathogens.

Quarantine Issues:  Limited import (Chile) and export (Canada) activity is occurring.  If imported from Chile, Asian pear shipments must be accompanied by a PPQ (Plant Pest Quarantine Form 203) signed by the USDA - Animal Plant Health Inspection Service (APHIS) inspector on site in Chile.  If shipments were not pre-cleared at origin, sampling at arrival time is necessary.  APHIS issues rules regarding import requirements.  They provide information to assist exporters in targeting markets and defining what entry requirements a particular country has.  APHIS, in cooperation with the State plant boards, developed a database called “Excerpt” to track phytosanitary requirements for each country.  APHIS also provides phytosanitary inspections and certifications that declare fruit are free of pests to facilitate compliance with foreign regulatory requirements.  Issues associated with exotic pest quarantines, addressing both imported and exported fruit, change rapidly.  

Suitability as Fresh-cut Product:  Preliminary research (Kader et al, unpublished) has shown that fresh-cut Asian pear slices have a very short shelf-life, even at optimal temperature of 0 to 2 °C (32 to 35.6 °F) due to tissue browning.  Dipping slices in 1% ascorbate + 1% CaCl2 for 2 min soon after slicing delays browning, but shelf-life is < 5 days at 2 °C (35.6 °F).

Special Considerations:  The five varieties ‘Shinsui’, ‘Shinseiki’, ‘Kosui’, ‘Hosui’, and ‘Nijisseiki’ all have an adequate storage-life.  If fruit are harvested at the recommended maturity, a storage-life of 12 to 20 weeks and a subsequent shelf-life of 10 to 15 days can be expected, depending on the variety.  The major limitation to the storage-life of Asian pears is development or enhancement of maturity-related disorders.
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Scientific Name and Introduction: Asparagus (Asparagus officinalis L.) is a perennial of the Liliaceae family. The edible portion of asparagus is a rapidly growing stem (shoot) with scale leaves that arise at nodes. There are two forms of asparagus in the marketplace, namely white (blanched) and green.  White asparagus is widely used in Europe and Asia (Lipton, 1990); green asparagus is popular in the U.S. and is produced predominantly in California and Washington.  Asparagus has a high metabolism after harvest and is among the most perishable crops.

Quality Characteristics and Criteria: High quality asparagus spears are dark green and firm with tightly closed and compact tips.  Stems are straight, tender and glossy in appearance.  Spears with green butts are preferred over the spears with white butts as the latter are associated with increased toughness. However, a small amount of white tissue at the butt will delay decay development under typical commercial distribution conditions (Lipton 1990; Suslow 2001).

Horticultural Maturity Indices: Asparagus spears are harvested as they emerge through the soil from the underground crowns.  Typically, spears are cut when they reach 8 to 10 in, with spear tips still tightly closed. Tender, immature asparagus may be harvested for special market.  

Grades, Sizes and Packaging: Harvested spears are prepared for market by grading, sizing, and bunching. Grades are based on freshness, length and diameter of the stalks, color of spears, tightness of the spear tips, and the extent of bruising.  Spears of larger diameter are considered to be superior in quality with less fiber (Peirce, 1987).  Sizing is based on spear diameter and each bunch is trimmed to a standard length of 7 to 10 in.  The spears are tied in bunches weighing 1 lb (0.45 kg) to 2.5 lb (1.14 kg).  After trimming the butt-end, the bunches are packed upright in trapezoidal shaped crates to minimize geotropic bending (curving away from gravity) in transit.  The container should include a wet paper pad in contact with the butt end to maintain turgidity by replacing water lost by evaporation and used during elongation.  Headspace is provided in the carton to allow for spear elongation without tip curvature or breakage.  

Pre-cooling conditions: Asparagus is highly perishable and must be cooled immediately to 0 °C (32 °F) to 2 °C (35.6 °F).  A 4-h delay in cooling resulted in an average 40% increase in shear force due to tissue toughening (Hernandez-Rivera et al., 1992).  Asparagus is typically partially cooled during the washing, selection, and packing operation, and then hydro-cooled to near 0 °C (32 °F) after packing. 

Optimum Storage Conditions: The recommended conditions for commercial storage of asparagus are 0 to 2 °C (32 to 35.6 °F) with  95 to 99% RH, yielding 14 to 21 days of storage-life.  Maintaining a low storage temperature is critical to delay senescence, tissue toughening, and flavor loss (King et al., 1993).  High RH is essential to prevent desiccation and to maintain freshness. Typically, asparagus is packed and shipped in containers with water-saturated pads to maintain high RH and prevent moisture loss.  Excessive free water at elevated storage or shipping temperatures may lead to increased decay. 

Controlled Atmosphere (CA) Considerations: Elevated CO2 at 5 to 10% is beneficial in preventing decay and slowing toughening of the spears.  Short exposure to higher CO2 concentration is safe and beneficial only if the temperature can be maintained at 0 °C (32 °F) to 1 °C (33.8 °F).  The combination of intermediate O2 (2 to 10% O2) may or may not provide benefit compared to air enriched with CO2 alone (Kleiber and Wills, 1992; Lill and Corrigan, 1996; Lipton 1990; Saltveit, 1997).  At O2 levels below 2%, off-odors and discoloration may develop.  Signs of CO2 injury are small to elongated pits, generally first observed just below tips.  Severe CO2 injury results in ribbiness.  Asparagus tolerated a nitrogen atmosphere for 6 h at 2.5 °C (36.5 °F) or 20 °C (68 °F) without affecting sensory quality (Torres-Penaranda and Saltveit, 1994).  High CO2 (40 to 60%) can be applied at 5 °C (41 °F) for up to 4 days without affecting sensory quality, and may be used as an insect disinfestation treatment (Corrigan and Carpenter, 1993). 

Retail Outlet Display Considerations: Asparagus is often displayed upright in trays with chilled water.  It will also tolerate icing on retail displays.  The preferred method to maintain freshness at retail display is refrigerated display with light misting.

Chilling Sensitivity: Asparagus is subject to chilling injury after about 10 days at 0 °C (32 °F).  Symptoms include loss of sheen and glossiness and graying of tips.  A limp, wilted appearance may be observed.  Severe chilling injury may result in darkened spots or streaks near the tips.  

Ethylene Production and Sensitivity: Ethylene production is low to intermediate, increases with time after harvest, and varies with where the spears are cut relative to soil surface (Lipton, 1990).  For spears cut at the soil surface and held at 20 °C (68 °F) for 45 and 90 min, ethylene production changes from 2.1 and 3.1 μL kg-1 h-1 (Haard, et al., 1974).  Exposure to ethylene accelerated the lignification (toughening) of asparagus spears (Hennion et al., 1992).  Prompt cooling and maintaining optimal shipping temperatures minimizes ethylene-induced toughening.

Respiration Rates: Respiration rates depend on storage temperature, time after harvest and the spear portion on which determinations are made (Lipton, 1990). Freshly harvested asparagus is among the highest respiring fresh produce items.  However, rates decline rapidly after harvest (King et al., 1990; Lipton, 1990). Respiration rates of the apical tips are much higher than those of the basal portions of the stems (Lill et al., 1990; Saltveit and Kasmire, 1985).  Listed below are respiration rates of asparagus spears held at 20 °C for various times (Lipton 1957): 


Time after harvest (days)

Temperature
0.25
1.0
3.0


(mg CO2 kg-1 h-1)

0 ºC
80
60
40

5 ºC
145
105
65

10 ºC
305
215
120

15 ºC
325
235
160

20 ºC
500
270
185

To get mL kg-1 h-1, divide the mg kg-1 h-1 rate by 2.0 at 0 °C (32 °F), 1.9 at 10 °C (50 °F), and 1.8 at 20 °C (68 °F).  To calculate heat production, multiply mg kg-1 h-1 by 220 to get BTU per ton per day or by 61 to get kcal per metric ton per day.

Physiological Disorders: 

Elongation and tip bending: Asparagus continues to grow and elongate after harvest if not cooled immediately and stored at low temperatures < 5 °C (41 °F).  Contacting water at the butt will also promote spear growth and elongation.  Tip bending occurs as the result of upward growth of the tips when the spears are horizontal. Held in an upright position, tip bending may still occur if the tips reach the top of the package and are physically deflected.  Postharvest heat treatment of asparagus spears in heated water at 45 to 50 °C (113 to 122 °F) for 2 to 5 min is beneficial for prevention of tip bending (Paull and Chen, 1999).

Spear toughening results from tissue lignification and fiber development, and progresses from butt to tip.  This disorder develops at temperatures above 10 °C (50 °F), rapidly above 15 °C (59 °F), and is accelerated by the presence of ethylene.

Feathering denotes appearance of bracts of spear tips, which have opened due to outgrowth of the underlying buds.  Tip feathering is a sign of senescence, often observed following extended storage at higher than optimal temperature or harvesting of over-mature spears.

Freezing injury occurs at temperatures below -0.5 °C (31.1 °F), and results in water-soaked appearance and tissue softening. 

Postharvest Pathology: The most prominent postharvest disease on asparagus is bacteria soft rot, caused by Pectobacterium carotovora, or Pseudomonas spp.  Decay may occur anywhere on the spears, in the form of “soft rot pits”, most frequently on the tips or the butts  (Snowdon 1992; Suslow, 2001).  Spears with green butt are reported to be more susceptible to this decay than spears with white butts.  Storing asparagus at low temperature < 5 °C (41 °F) is important to control this disease.  In some production areas, the fungi such as Fusarium, Penicillium, and Phytophthora are associated with postharvest decay or spoilage of asparagus (Snowdon, 1992).  

Quarantine Issues: Asparagus may be fumigated during international distribution and marketing if live common insects (hitchhikers) are found. 

Suitability as Fresh-cut Product: The tender tender portion can be prepared as a food service product.  There is limited minimal processing of asparagus, but consumer-oriented packing of tips is increasing.
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Scientific Name and Introduction:  Atemoya is a hybrid between Annona squamosa L. (sweetsop) and A. cherimola Mill. (Cherimoya).  Fruit can vary in their external appearance reflecting the different parents (Nakasone and Paull, 1998).  Favorable characteristics from the cherimoya include heart shaped, few seeds and smooth skin that does not break apart during ripening.  There are about six varieties with ‘African Pride’ and ‘Gefner’ being the most common.  Atemoya are grown in Florida and Hawaii.

Quality Characteristics and Criteria:  Heart shaped fruit preferably with a smooth cherimoya like skin, instead of the bumpy sweet-sop skin type.  Besides shape, size and skin texture, the fruit should be free of blemishes and mechanical injury that can lead to skin blackening.

Horticultural Maturity Indices:  Fruit skin color changes from darker to lighter green and can be greenish yellow.  During ripening, skin splitting occurs and the skin darkens (Paull, 1996).

Grades, Sizes and Packaging:  Sold in single layer 4.5 kg (10 lbs) or 9 kg (20 lbs) fiber board boxes with foam sleeves or paper wrapping.  Fruit weight 250 to 500 g (9 to 18 oz) are used.

Pre-cooling Conditions:  Room or forced-air cooling to 10 to 13 °C (50 to 55.4 ºF).

Optimum Storage Conditions:  Store at 10 to 13 ºC (50 to 55.4 ºF) with 90 to 95% RH.

Controlled Atmospheres (CA) Consideration:  No published information, may have similar potential as for cherimoya.

Retail Outlet Display Considerations:  Ripe fruit can be held at 2 to 5 ºC (36 to 41 ºF).  If unripe, display at room temperature.  Ripe fruit, if split, can be over-wrapped.

Chilling Sensitivity:  Very sensitive, shows skin darkening and loss of aroma and flavor.

Ethylene Production and Sensitivity:  Climacteric fruit production rates of ethylene are high at up to 100 to 300 µL kg-1 h-1 at 20 ºC (68 ºF) (Brown et al., 1988).  Ripening is accelerated by exposure to 100 µL L-1 for 24 h.

Respiration Rates:

Temperature
mg CO2 kg-1 h-1
10 ºC
48 to 190

15 ºC
54 to 281

20 ºC
40 to 460

To get mL kg-1 h-1, divide the mg kg-1 h-1 rate by 2.0 at 0 °C (32 °F), 1.9 at 10 °C (50 °F), and 1.8 at 20 °C (68 °F).  To calculate heat production, multiply mg kg-1 h-1 by 220 to get BTU per ton per day or by 61 to get kcal per metric ton per day.

Physiological Disorders:  Very susceptible to bruising.  Pre-harvest russeting can be a problem.

Postharvest Pathology:  As for cherimoya, anthracnose, Phomopsis rot and Rhizopus have been recorded (Sanewski, 1988).

Quarantine Issues:  Fruit fly host, irradiation and heat treatments are potential treatments.

Suitability as Fresh-cut Product:  Possible, as pieces, before it becomes too soft.

Special Considerations:  None.
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Scientific Name and Introduction:  The avocado originated in Central America and southern Mexico.  The Aztecs considered avocados an aphrodisiac and called it huacatl, meaning testicles, referring to the fruit’s shape and the way they hang from the trees.  In Chile, Peru, and Ecuador it is called palta, an Incan name.  Spanish-speaking people also call it aguacate, cura or cupandra.  They are known as abogado in Spain and as avocat or avocatier in France.  Historically, the avocado has also been referred to as alligator pear, vegetable butter, butter pear and midshipman's butter.

The avocado is botanically classified into three races: 1) West Indian (WI), Persea americana Mill. var. americana (P. gratissima Gaertn.), tropical with large variably shaped fruit and lower oil content; 2) Mexican (MX), P. americana Mill. var. drymifolia Blake (P. drymifolia Schlecht.& Cham.), semi-tropical with smaller elongated thin-skinned fruit and higher oil content; and 3) Guatemalan (G), P. nubigena var. guatemalensis L. Wms., subtropical with mostly round thick-skinned fruit and intermediate oil content (Bergh and Lahav, 1996).  Many of the commercial cultivars are hybrids of the three races.  There is great variability in fruit traits not only between races but between cultivars within a race.  One of the most distinct differences between cultivars is the peel color when ripe.  The peel of some cultivars changes from green to black or purple with increasing maturity or ripening.

Avocados are available year-round in the U.S. and are supplied by two major US-producing areas; California (90%) and Florida (10%).  Fruit (mainly ‘Hass’) are also imported from (in approximate order by volume); Chile, Mexico, Dominican Republic, New Zealand, Bahamas and Jamaica.

There are many cultivars of avocados grown commercially in the U.S., and they come in assorted sizes and shapes.  The primary California cultivar is Hass, a G-MX hybrid that accounts for approximately 95% of the planted acreage.  Other cultivars include Bacon, Fuerte, Gwen, Lamb Hass, Pinkerton, Reed and Zutano.  With the exception of ‘Reed,’ which is believed to be entirely of the G race, the other cultivars are considered to be primarily G-MX hybrids.  ‘Hass’ accounts for 80% of avocado consumption in the U.S., and is the main focus of research and development.  The main Florida cultivars (West Indian and Guatemalan races and hybrids) are Simmonds, Nadir, Booth 8, Choquette and Lula.

Quality Characteristics and Criteria:  For avocado, the major quality criteria used during grading are size, skin color, freedom from wounds, blemishes, insect damage (particularly due to caterpillar and thrip scarring), spray residues (most commonly copper) and other contaminants on the skin.  When ripe, the key issues are absence of disease (body rot and stem end rots), physiological disorders (flesh graying), and physical damage (bruising).  Many of these quality factors are cultivar-dependent and consumer preference for size, shape and color can vary from region to region.

While avocados from both Florida and California are high quality fruit, there are significant differences in size, texture, and flavor.  Florida avocados are usually at least twice as large as those from California and often sell at a lower price.  The smaller California avocados have a desirable nut-like flavor and a richer, creamier texture than the less oily Florida fruit, which are sometimes marketed as “lite avocados”.  These differences are mainly due to the fact that different horticultural races of the avocado are produced in California and Florida, respectively.

Avocados are one of the few fruit that contain significant quantities of oil; sometimes > 30% of fresh weight depending on cultivar and maturity.  Oil content is a key part of the sensory quality.  Oil quality is very similar to that of olive oil with a high proportion of the oil being approximately 75% monounsaturated, 15% saturated and 10% polyunsaturated fatty acids (omega 6).  However, there is variation with race, cultivar, growing region and season.  The high mono- and poly-unsaturation, and low saturated content makes this a “healthy” oil in terms of effect on heart disease.  In addition, avocado oil contains a range of other health-promoting compounds such as chlorophyll, carotenoids, α-tocopherol and ß-sitosterol.  These health factors, along with the absence of cholesterol, should be emphasized with consumers since avocados are perceived by some as an unhealthy or “fat” fruit.  Extraction of oil from reject avocados is carried out in some countries for use in cosmetic products and for culinary purposes.

Traditionally, fruit produced in the U.S. have been “clip” harvested (peduncle cut to leave a “button” at the top of the fruit).  However other producing countries (Australia, Israel, Spain, South Africa) are now “snap” harvesting ‘Hass’ fruit.  The ultimate success of snap harvesting is dependent upon fruit maturity, growing conditions (rain) and cultivar (Arpaia and Hofshi, 1998).

Horticultural Maturity Indices: Avocado fruit % dry matter is highly correlated to fruit oil content and is the key maturity index used in California and worldwide (Lee et al., 1983).  Minimum % dry matter ranges from 17 to 25%, depending on cultivar.  In California, the minimum % dry matter at harvest for the major cultivars are: Bacon (17.7%), Fuerte (19.0%), Gwen (24.2%), Hass (20.8%), Pinkerton (21.6%), Reed (18.7%) and Zutano (18.7%).  In California, fruit are also released onto the market at predetermined dates based on dry matter and size for each cultivar.  For example, the size/release dates for ‘Hass’ are: Size 40 and greater, November 28; Size 48, December 12; Size 60, January 2; and Size 70 or smaller, January 16.  Florida avocados have lower oil content (3 to 15% oil) and are generally harvested at a specified calendar date and weight or size.

Avocados can be held on the tree for many months after they are physiologically mature (will ripen if harvested) because they do not ripen until they are harvested.  However, time-to-ripen does decrease with increasing time on the tree.  Freshly harvested avocados tend to have “green” skins although ‘Hass’ fruit that are harvested late in the season may have some skin darkening at harvest.  The peel of ripe ‘Hass’ and ‘Lamb Hass’ avocados should have a dark, purple-black or black skin while green-skinned cultivars remain green when ripe.  Avocados are ripe when the fruit yields slightly to light finger pressure.  Pulp color, texture and flavor when ripe are cultivar-specific. 

Grades, Sizes and Packaging:  California avocados are packed in single-layer 12.5 lb (5.67 kg) flats or trays (single-layer), 2-layer 25 lb (11.34 kg) lugs and 25 lb (11.34 kg) volume-fill boxes.  RPCs (Returnable Plastic Containers) are used increasingly.  There is also increased usage of pre-packed units such as polyethylene containers (“clam shells”) or mesh bags.  For Florida avocados, the common packages used are: single-layer, 13 lb (6.12 kg) flats; 2-layer, 27 lb (12.47 kg) lugs; 35 lb (15.88 kg) cartons and 10 lb (4.54 kg) natural packs.
California avocados are graded as No. 1 or No. 2.  Florida avocados are graded as U.S. No. 1, U.S. No. 2 and U.S. Combination.  However, only some Florida varieties are graded, while the others are marketed as unclassified.  In California fruit are weight sized into the following categories: 20 (18.75 to 22.0 oz; 532 to 624 g); 24 (15.75 to 18.75 oz; 447 to 532 g); 28 (13.75 to 15.75 oz; 390 to 447 g); 32 (11.75 to 14.0 oz; 333 to 397 g); 36 (10.5 to 12.5 oz; 298 to 354 g); 40 (9.50 to 11.50 oz; 269 to 326 g); 48 (7.50 to 9.50 oz; 213 to 269 g); 60 (6.25 to 7.50 oz; 177 to 213 g); 70 (4.75 - 6.25 oz; 135 to 177 g); and 84 (3.75 to 4.75 oz; 106 to 135 g) count for 25 lb packs, and half these values for flats (or single layer trays).  Florida fruit are packed by count.  Regulations specify that the pack shall be at least fairly tight and that the weight of the smallest fruit in any container shall not be less than 75% by weight of the largest fruit in the container. Commonly used counts for Florida packages are  6, 7, 8, 9, 10, 12, 14, 16, 18, 20, and 24 count.

Pre-cooling Conditions:  Ripening and associated softening of avocados can be delayed by cooling soon after harvest.  This is critical where long storage periods are required, or where field temperatures are high, > 25 °C (77 °F).  Forced- or passive air-cooling is generally carried out as rapidly after harvest as possible, within 24 to 48 h or sooner is recommended.  Hydro-cooling of ‘Hass’ is also used commercially. Recommendations as to the target temperature (prior to packing) vary between 5 and 15 °C (41 and 59 °F), and may be influenced by the emphasis on whether fruit should be graded with condensation or not. 

Optimum Storage Conditions: Optimum storage conditions vary by cultivar, growing conditions, time in the season (maturity) and length of storage required.  However, in general, unripe avocados should be stored at 5 to 12 ºC (41 to 54 ºF) with RH of 85 to 95%.  Optimum storage temperatures for ‘Hass’ are 5 to 7 °C (41 to 44.5 °F) for early season fruit and 4 to 5.5 °C (40 to 42 °F) for late season fruit.  After 3 to 4 weeks storage, ‘Hass’ fruit quality is reduced, and storing fruit for > 6 weeks remains a challenge.
Increased physiological disorders, eg., chilling disorders and uneven ripening, and rots result from sub-optimal storage temperatures.  Therefore, it is important to maintain the appropriate temperature for unripe fruit, and to stack containers to allow for proper air circulation and temperature control.

Controlled Atmosphere (CA) Considerations:  CA storage is most commonly used for transporting fruit to more distant markets in refrigerated shipping containers.  The atmosphere used and technology for controlling the atmosphere varies between shipping companies.  Generally O2 levels of 2 to 5% (or possibly as high as 10%) + 3 to 10% CO2 are used.  The primary benefit of low O2 is that of delayed softening, and reduction of respiration and ethylene production at standard storage temperatures.  Elevated CO2 may delay softening and reduce sensitivity to external chilling injury and allow lower storage temperatures (Faubion et al., 1992).  Low O2 injury may appear as irregular brown to dark brown patches on the skin and may additionally cause diffuse browning of flesh beneath affected skin.  CO2 atmospheres above 10% can be detrimental by leading to discoloration of the skin and development of off-flavor, particularly when the O2 concentration is less than 1%.  Reducing ethylene levels < 1 µL L-1 by using ethylene scrubbers during CA storage may provide additional benefits for retarding ripening and decreasing the development of internal “chilling injury” (Faubion et al., 1992).

Alternative Technologies for Long-term Storage.

1-MCP Treatments: Use of 1-MCP (1-methylcyclopropene) is in the experimental stage and should be used with caution.  Application of 1-MCP to avocados delays ripening and thus reduces internal chilling injury (flesh graying, vascular browning) which is associated with ripening during storage where storage times are long, or temperature management is poor (Pesis et al., 2002).  The optimum treatment conditions are likely to be in the area of 50 to 100 nL L-1 at about 6 °C (43 °F) for 18 to 24 h.  For ‘Hass,’ 1-MCP treatments will have benefit where fruit are stored for > 4 weeks.  However, for other cultivars that exhibit higher levels of internal chilling injury at even short storage times, then 1-MCP may be of more benefit.  Care should be taken since applying higher concentrations may result in excessive delays to softening and ripening which are likely to in turn increase disease incidence.  1-MCP does not reduce external chilling injury (skin blackening) of ‘Hass’ avocados.

Step-Down Temperatures: The other key technology for maintaining fruit quality (particularly internal chilling injury) proven over many years by the South African industry is the use of “step-down” temperatures (Vorster et al., 1987).  Temperatures are typically decreased 1 to 2 °C each week during shipping, with the final temperature not < 3.5 °C (38 °F), with progressively lower initial temperatures as fruit maturity increases.  These temperature regimes have been developed and refined over many years and have resulted in a protocol for each cultivar for differing times in the season and growing region.

Retail Outlet Display Considerations: Avocados are best ripened at 15 to 20 ºC (59 to 68 ºF; Hopkirk et al., 1994).  The ripening rate < 15 ºC (59 ºF) is relatively slow, and ripening at > 25 ºC (77 ºF) may result in increased decay, uneven ripening of the flesh and off-flavors.  Like bananas, ethylene treatment can be used to “pre-condition” or “pre-ripen” fruit (see below).  Avocados are very susceptible to bruising during softening (Arpaia et al., 1987), and thus should be handled carefully during transport and display.  Any means of minimizing “squeezing” by customers will also improve quality.  Since quality can decrease rapidly during softening, it is best to check avocado ripeness every day and to display or use the ripest fruit first.  If possible, ripe, or near-ripe fruit should be held at lower temperatures (1 to 6 °C; 34 to 43 °F; Young and Kosiyachinda, 1976) to reduce the proportion of fruit that become over-ripe, with concomitant increase in rots and other disorders.  Avocados should not receive a water sprinkle or top ice.

Chilling Sensitivity:  Avocados exhibit two forms of chilling injury, internal and external, which are generally induced by quite different storage conditions.  Internal chilling injury manifests itself as a grayish-brown discoloration of the flesh, particularly at the base of the fruit around the seed.  This can be associated with vascular browning which starts at the base of the fruit (rather than at the stem end, which is often associated with stem end rots).  In ‘Hass,’ internal chilling injury tends to occur after about 4 or more weeks storage at about 6 °C (43 °F), but will be influenced by maturity and growing conditions.  Cultivars differ in their susceptibility to this disorder, with some being very sensitive.  Calcium levels are a possible explanation for differences in internal chilling injury (Chaplin and Scott, 1980).  Another low temperature disorder, “pulp spot” may be observed in ‘Fuerte’ fruit where small dark spots can be observed in the flesh.  Internal chilling injury is generally associated with softening of fruit during storage, and thus is increased by the presence of ethylene (Chaplin et al., 1983).  Internal chilling injury is the key limiting factor to long-term storage of avocados. 

External chilling injury occurs as irregular patches of blackening on the skin (similar to apple scald) that can be observed during storage, but that generally increase slightly in intensity after removal from cold storage.  The damage is first seen in inner cell layers of the exocarp and then the outer layers of the skin (Woolf, 1997).  In cultivars that naturally darken during ripening, such as ‘Hass,’ the damage will be less apparent after ripening, but may be discriminated as brown, corky skin tissue in ripe fruit.  External chilling injury is generally induced by temperatures of < 3 °C (37.5 °F).  However, fruit become less sensitive with increasing maturity, and ripe fruit are less affected.  Fruit exposed to low temperatures may be of poor internal quality when ripe with a high incidence of rots and softening disorders (Woolf et al., 1995), but will have lower incidence of internal chilling injury (graying).  For ‘Hass’ fruit stored for long periods at standard storage temperatures, eg., 6 to 7 weeks at about  6 °C (43 °F), a form of external chilling injury is expressed which is of a very similar appearance to that observed at low temperature.  This form of external chilling injury will tend to be seen in fruit that are quite soft (nearly ripe) at the point of removal from storage.

Ethylene Production and Sensitivity: Rates of ethylene production are generally low for unripe avocados, < 0.1 μL kg-1 h-1 at 20 ºC (68 ºF) but increase rapidly after harvest up to levels >100 μL kg-1 h-1  at 20 ºC (68 ºF) when fully ripe.  Therefore, ripe avocados should not be stored with fruits and vegetables that are sensitive to ethylene damage.  Unripe avocados are very sensitive to ethylene.  They should not be stored near ripe fruit or other fresh produce that produces more than trace ethylene.  Ethylene exposure during storage accelerates ripening/softening and can increase incidence and severity of internal chilling injury and decay. 
Ethylene Treatment (“Preconditioning” or “Preripening”): There is an increasing move at the retail level toward “ripe for tonight” programs that generally result in significant increases in sales.  This is achieved by treating avocados with 10 to 100 µL L-1 ethylene at 17 to 20 ºC (62.5 to 68 ºF) for approximately 48 to 72 (early-season), 24 to 48 (mid-season) or 12 to 24 h (late-season).  This significantly reduces both the time to ripen (to 3 to 6 days, depending on cultivar and maturity), and also fruit to fruit variability in ripening.  If fruit are stored prior to ethylene treatment, the duration of treatment required to achieve maximum rate of ripening is reduced.  For ‘Hass,’ after 3 to 4 weeks of storage there may be relatively little benefit of ethylene treatment (particularly for later season fruit) since the time to ripen decreases during storage.  Because heat production of avocados is much greater than many other fruit crops (see below), careful attention should be paid to air flow and temperature management during ethylene treatment and subsequent ripening.  Palletized fruit may reach temperatures of more than 30 °C (86 °F), with negative effects on ripe fruit quality.  For this reason, ethylene treatment of palletized fruit should be carried out under forced-air conditions.  During ethylene treatment, CO2 levels should be maintained at less than 1 to 2% by either continual venting of the atmosphere, or full venting and ethylene re-injection if “shot” systems are used.  Following ripening fruit should be pre-cooled to 5 °C (41 °F).
Respiration Rates:
Respiration rate of avocados is relatively high compared to many other fruit crops.

Temperature
mg CO2 kg-1 h-1
5 ºC
20 to 50

10 ºC
50 to 160

20 ºC
80 to 300

To get mL kg-1 h-1, divide the mg kg-1 h-1 rate by 2.0 at 0 °C (32 °F), 1.9 at 10 °C (50 °F), and 1.8 at 20 °C (68 °F).  To calculate heat production, multiply mg kg-1 h-1 by 220 to get BTU per ton per day or by 61 to get kcal per metric ton per day.  Data are from Kader and Arpaia (2001). 

Physiological Disorders:  There is a range of physiological disorders of avocados (White et al., 2001) and most of these occur following long storage periods.  The key disorders are flesh graying, vascular browning and pulp spot, which are all symptoms of internal chilling injury (see above).  Where fruit are stored for excessively long periods the flesh may also fail to ripen evenly, and become increasingly susceptible to pathogens.  The timing of expression of internal chilling injury and its severity depends on temperature management, initial ripeness, cultivar, production area, and fruit maturity.  External chilling injury may occur if fruit are stored at low temperatures (0 to 3 °C; 32 to 37.5 °F) or for long periods (> 6 weeks) at standard storage temperatures (see above).

Postharvest Pathology: Rots of avocados are divided into two categories on the basis of their location (Snowdon, 1990).  Stem end rots enter the fruit at the stem, or peduncle end of the fruit and move down the fruit resulting in discolored flesh, often with associated browning of the vascular strands (Johnson and Kotze, 1994).  Body rots invade through the skin and are generally manifested as circular brown to black spots that may be covered with spore masses in the later stages of infection.  Decay penetrates through to the flesh resulting in discrete areas of discolored flesh.  In cultivars that darken when ripe (‘Hass’), rots may be less obvious externally.  Rots are rarely observed at harvest or during storage but can increase rapidly with fruit softening.  Where infection pressure is high and physical damage to the skin occurs prior to storage, small soft black circles of infection (“measles”) can occur during storage.  These generally spread rapidly outwards after removal from storage. 

The causal organisms can vary with growing environment and country.  The following pathogens (in order of frequency) have been isolated from decayed California avocados; Colletotrichum, Dothiorella, Alternaria and Phomopsis spp (Smilanick and Margosan, 2001).  Differences in the pathogens responsible for decay exist among countries, eg., New Zealand versus Australia (White et al., 2001; Everett, 1996).

Pre-harvest control methods for postharvest fungal decay include good orchard sanitation (removal of mummified fruit and dead wood) and effective pre-harvest fungicide application such as copper which is widely used in some countries (including Florida) where humid growing conditions prevail.  Harvesting should not be carried out in the rain or when fruit are wet, and careful handling to minimize skin damage helps to reduce rots.  Snap picking of fruit can reduce stem end rot incidence in dry periods but it can result in increased rots in humid growing environments or when harvested in wet conditions.

Perhaps the most important area for reducing rots is that of maintaining good ripe-fruit quality by optimizing temperatures during handling, storage, transport, and ripening.  It is also critical not to store fruit for long periods.  Ripening fruit at lower temperatures, eg., 15 to 20 °C (59 to 68 °F) can lead to significant reduction in rots compared with higher temperatures (Hopkirk et al., 1994).  Storing ‘Hass’ fruit for 1 to 3 weeks can also reduce rot incidence (as compared to non-stored fruit), as can ethylene treatments, which both synchronize and hasten ripening.  Postharvest fungicides (prochloraz, benlate (benomyl) and thiabendazole) are used in some countries, but these are not registered for use in the U.S. (Darvas et al., 1990).  Research on biological control agents is being carried out in South Africa, New Zealand and Australia.

Quarantine Issues:  Issues relating to this will vary according to the marketplace and country of origin, and guidance should be sought from the Department of Agriculture.  If avocados are grown in fruit fly infested areas, significant quarantine issues will arise.  Methyl bromide treatment is an APHIS approved treatment for Mediterranean fruit fly, but results in a significant reduction in fruit quality.  Because avocados do not tolerate standard high temperature disinfestation treatments, eg., fruit core temperatures of 47 °C (117 °F) for 20 min, low temperature disinfestation is the most viable approach.  Tolerance to temperatures which can be used for low temperature disinfestation can be imparted by pre-treatments at 38 °C (100 °F; eg., Sanxter et al., 1994; Woolf et al., 1995) or low temperature conditioning (Woolf et al., 2002).  However, the only commercial disinfestation treatment in use is for Queensland fruit fly in ‘Hass’ avocados at 6 to 8 °C (43 to 46.5 °F) for 3 to 5 days followed by 16 days at < 1 °C (34 °F; Hofman et al., 2002).  However, this low temperature disinfesting treatment may not be effective for all fruit fly species since cold tolerance varies.

Suitability as a Fresh-cut Product: Avocados are not currently marketed as fresh-cut products, but they are marketed as chunks, paste and as guacamole dips.

Special Considerations:  None. 
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Banana and PlantainPRIVATE 

Eduardo Kerbel

Dole Fresh Fruit International, Ltd.

San Jose, Costa Rica

Scientific Name and Introduction: Musa acuminata and Musa balbisiana, most cultivars of edible bananas and plantains derive from these two members of the family Musaceae (Simmonds and Shepherd, 1955).  Before the 1940’s the cultivar ‘Gros Michel’ dominated the international banana trade, until it succumbed to Fusarium wilt (Panama disease). Since the 1940’s the trade has adopted cultivars of the Cavendish subgroup. Bananas are eaten mainly raw as a dessert fruit because they are sweet when ripe. Plantains, also referred to as ‘cooking’ bananas, are much starchier and can be eaten either ripe or unripe. The edible cultivars of bananas and plantains are seedless. The two obvious tissues that constitute the fruit are the pulp and the peel. The peel  is the ovary wall. The pulp originates from cell division of the innermost layers of the pericarp. The growth of the peel begins to slow down as the fruit matures but the growth of the pulp continues, consequently peel splitting often occurs in very mature green fruit (Turner, 1997). 

Quality Characteristics and Criteria: A premium quality banana is very clean (free from defects such as scars, physical damage, insect injury, and latex staining), free from decay, has an adequate finger length and diameter, does not have excess curvature, and upon ripening has the desired uniform bright yellow color and sensory attributes in flavor (sweetness, acidity) and aroma.  Attributes are defined by consumer preference.

Horticultural Maturity Indices: Commercially, bananas and plantains must be harvested while mature green, and transported to destination markets where they are ripened under controlled conditions (bananas), and controlled or natural conditions (plantains). Fruits ripened on the plant often split and have poor texture. Harvest time  represents a compromise between leaving the fruit on the plant long enough to maximize yield, but harvesting it soon enough so that sufficient green life remains to market  fruit with acceptable quality. The stage of maturity for harvesting the fruit depends on the market for which is intended and is determined in terms of the marketable life required. Plantains tend to mature more prematurely than bananas when harvested at the same age. One very useful criteria for harvesting fruit that is used commercially is age of the bunch after emergence from the pseudostem (emergence can be defined as the day on which the first complete hand of fruit is visible).  Because bananas are growing rapidly when harvested, fruit size (finger diameter, and  length), and finger fullness (angularity) are suitable measures of harvest maturity.  At a given age, the maturity of hands in a stem  varies, those hands at the proximal end of the stem being more mature than those at the distal end. An estimate of maturity of the entire stem is then assessed using the second hand from the proximal end. It is usual to measure length/diameter (caliper grade or calibration) of the middle finger on outer whorls of the second hand on the stem before running fruit through packing plant processes. 

Grades, Sizes and Packaging: Minimum acceptable size (length and diameter) grade standards for export markets vary depending on banana and plantain cultivar and market specifications. Hands, clusters, or single fingers not meeting these fresh market grades are used for processing products or discarded. Bananas are packed in corrugated fiberboard boxes as whole hands, clusters or individual fingers holding an average weight, for premium fruit, between 13 and 18 kg (28 to 40 lb) depending on market preference. Plantains are packed as individual fingers in 18 kg boxes. Most exporters use polyethylene film liners and paper pads to reduce moisture loss and provide protection to fruit from physical damage during handling and transport.

Pre-Cooling Conditions: Pre-cooling of bananas or plantains is not generally done. Adequate cooling is not initiated until fruit are loaded into containers or cargo holds onboard ships.

Optimum Storage Conditions: Optimum temperatures for storage and holding of green bananas are 13.3 to 14.4 ºC (56 to 58 ºF) (Thompson and Burden, 1995). Some banana cultivars can be handled at 12.8 ºC (55 ºF). Because marketing quality standards are more relaxed for plantains, and plantains are more prone to premature ripening during transit and storage, it is recommended that green plantains be held between  8.9 to 11.7 ºC (48 to 53 ºF).  Plantains grown during the warmer months tend to attain physiological maturity faster than fruit grown during the Winter months, consequently green life potential varies during the year. Optimum RH for holding and transport fruit is 90 to 95%. Holding of ripe fruit should be kept to a minimum. 

Controlled Atmosphere (CA) Considerations: Bananas and plantains respond well to CA.  CA is used commercially during ocean transport of green bananas. Modified atmosphere packaging using polyethylene bags (banavac) is used for both bananas and plantains, but plantain are physiologically more active than bananas and have higher respiration rates and could exhaust O2 more rapidly than bananas. Optimum gas levels for most cultivars range between 2 to 5% O2 and 2 to 5% CO2 (Bishop, 1990; Kader, 1992,1993,1997). Main benefits of controlled atmospheres include delaying of ripening, reduction of crown rot incidence, and a much fresher condition (latex flowing through the vascular tissues) upon arrival at destination. Shelf-life can potentially be extended 2- to 3-fold by optimum CA. O2 levels below 1 to 1.5 % may cause grayish or brown peel discoloration, failure to ripen properly, and off-flavor (Kader, 1992; Kader, 1993; Kader, 1997). CO2 levels greater than about 6 to 8% may cause pulp to soften while the peel is still green, and may confer undesirable texture and flavor (Wei and Thompson, 1993; Kader, 1993; Kader, 1997). Ripe fruit can tolerate higher levels of CO2. The beneficial and detrimental effects of reduced O2 and/or elevated CO2 are temperature and time-of-exposure dependent. Removal of ethylene gas can have an additional benefit on extending green-life of bananas and plantains, under both ambient and modified atmosphere conditions (Scott et al., 1970; Liu, 1976; Scott, 1977; Turner, 1997).  CO2 inhibits the effect of ethylene on ripening, and higher levels of O2 than those under CA are necessary for adequate ripening.  Thus, bananas held under CA should be ventilated with fresh air for at least 18 to 24 h before ripening (gassing with ethylene) is initiated. An under-peel discoloration that resembles chilling injury has been observed on green bananas when transported long distance under controlled atmospheres conditions at below 14 ºC (57.5 ºF), this disorder has also been associated with high temperatures of 33 to 35 ºC (91 to 95 ºF) in the field (Stover and Simmonds, 1987).

Retail Outlet Display Considerations: Fruit should be displayed at retail in non-refrigerated areas in the produce section. Existing refrigerated shelf space in supermarkets normally is below the minimum safe temperature for bananas and plantains and chilling injury can still occur in ripe fruit. Displaying surfaces should be cushioned in order to avoid physical damage to the fruit.

Chilling Sensitivity:  Chilling injury is an important disorder of bananas and plantains. Both green and ripe fruit are susceptible, with green fruit being slightly more sensitive than ripe fruit. Chilling injury results from exposing fruit to temperatures below about 13 ºC (56 ºF) for a few hours to a few days, depending on cultivar, maturity, condition of the fruit, temperature, and duration of exposure (Stover, 1972; John and Marchal, 1995; Turner, 1997). Chilling injury is mainly a peel disorder. Symptoms include  sub-epidermal discoloration visible as brown to black streaks  in a longitudinal cut, a dull or grayish (smokey) cast on ripe fruit, failure to ripen, and in severe cases the peel turns dark brown or black, and even the flesh can turn brown and develop an off taste (John and Marchal, 1995; Turner, 1997). Chilled fruit are more sensitive to mechanical injury. Ripe fruit, if chilled, turn dull brown when later exposed to higher temperatures and are very susceptible to handling marks; the slightest pressure causes discoloration. Inflicted chill in green or ripe fruit may not become apparent until 18 to 24 h after actual damage has occurred.
Ethylene Production and Sensitivity: Bananas and plantains are sensitive to physiological levels of ethylene as low as 0.3 to 0.5 µL L-1 if the O2 and CO2 levels are similar to those found in outside fresh air (Peacock, 1972). The three main factors affecting response to external ethylene are: fruit maturity; time from harvest when ethylene exposure began; and the length of exposure to ethylene.

Temperature
μL C2H4 kg-1 h-1
13 ºC
0.04 to 2.0

15 ºC
0.15 to 5.0

18 ºC
0.20 to 8.0

20 ºC
0.30 to 10.0

Lower values in the range are for mature-green fruit, and higher values are for ripening fruit. Data modified from Kader (1998).


Controlled Ripening:  Mature bananas left to ripen naturally will eventually soften but the change in color will not be uniform and the peel will be dull, pale yellow and unattractive. In order for the fruit to attain a bright yellow peel color, a firm pulp texture, and good flavor, bananas are ripened  by releasing ethylene into a sealed chamber or room and at controlled temperature and RH. Plantains are being ripened by this controlled method in most markets but in some they still rely on natural ripening.  Immediately after harvest bananas do not respond to ethylene treatment or, in the best scenario will initiate ripening but will never attain the characteristic bright yellow coloration.  One main reason for controlled ripening is to provide retailers and wholesalers with fruit at a stage of ripeness desired by consumers. 


Generally, very low concentrations of ethylene are sufficient to ripen the fruit, ie., 10 to 50 µL L-1, (Thompson and Seymour, 1982). In commercial practice however, 1000 µL L-1 is commonly used to ensure uniform ripening. This is partly because many ripening rooms are not fully gas tight and the concentration may be rapidly reduced through leakage. Most commercial cultivars of bananas and plantains require exposure to ethylene for 24 to 48 h at 14.4 to 18 ºC (58 to 64 ºF) (Thompson and Burden, 1995; Robinson, 1996).  However, temperatures of up to 20 ºC (68 ºF) are sometimes necessary for bananas (Thompson and Burden, 1995). Optimum  RH levels during ripening  are 90 to 95%  (after coloring is underway RH should be reduced to 85% to prevent peel splitting). High RH requirements for proper ripening can be attained when the fruit is being packed in partially-sealed polyethylene liners.  Exposure of ripe bananas or plantains to temperatures higher than those in the ripening range hastens softening and decay, weakens the neck, can cause splitting of the peel, and may cause poor color development.
The color of the peel is used as an indicator of ripening. A scale of 1 to 7 is convenient where 1 is dark green, 2 is light green, 3 is more green than yellow, 4 is more yellow than green, 5 is yellow with green tips, 6 is fully yellow, and 7 is flecking (Kader, 1992).  Room ventilation after gassing with ethylene is essential to keep CO2 < 1% and avoid its effects on delaying ethylene action. Use of a forced-air system (pressurized) in ripening rooms assures more uniform cooling or warming of the fruit as needed and more uniform ethylene concentrations throughout the ripening. When ripening is done in non-pressurized conventional rooms, open stacking of boxes is essential to allow adequate air circulation for uniform ripening. Many stacking patterns are used, the best pattern to be used depends upon pallet sizes and ripening facilities. Because heat rises, the amount of box top area exposed is most important for preventing heat build-up in the stack and controlling pulp temperature during ripening. Bananas are usually ripened to color stage 3 to 4 before delivery to distribution centers, retailers or wholesalers.


Within certain limits, the period required for ripening bananas can be shortened or extended to meet trade requirements by adjusting the temperature. Under average conditions, depending on initial temperatures chosen and condition of the fruit, the ripening cycle can be as short as 4 days (> 18 ºC) or may be extended to 8 to10 days (at 14 ºC). If initial ripening temperatures are too high (> 25 ºC), the pulp will soften but the peel will remain green (a condition described as ‘cooked’ or ‘boiled’ fruit) (Robinson, 1996; Turner, 1997). Uneven ripening can be caused by low temperatures and insufficient ethylene.  Ripening rates and characteristics of the fruit vary to some extent between lots depending on cultivar, country of origin, weather conditions  during  the growing of the fruit, temperatures during handling and transit, and maturity of the fruit. Hard-green fruit (less full), will take longer to ripen  than more advanced and full fruit.

Respiration Rates:

Temperature
mg CO2 kg-1 h-1
13 ºC
20 to 80

15 ºC
26 to 140

18 ºC
32 to 200

20 ºC
40 to 280

The lower value of the range is for mature-green fruit, and the higher value is for ripening fruit. Data were modified from Kader, 1998. To get mL kg-1 h-1, divide the mg kg-1 h-1 rate by 2.0 at 0 °C (32 °F), 1.9 at 10 °C (50 °F), and 1.8 at 20 °C (68 °F).  To calculate heat production, multiply mg kg-1 h-1 by 220 to get BTU per ton per day or by 61 to get kcal per metric ton per day.

Physiological Disorders: A condition known as ‘maturity bronzing’ or ‘maturity stain’ has been observed in Australia and Central America at certain times during the year, 20 to 30 days before harvest. (Stover and Simmonds, 1987). The fruit is unacceptable for market although eating quality is unaffected. This disorder has been associated with water deficits at bunch emergence during rapid  fruit growth under very humid and hot conditions (Daniells et al., 1987; Williams et al., 1989, 1990).  If bananas and plantains are exposed to temperatures above 30 to 35 ºC, ripening can be irreversibly inhibited (high temperature injury) .

Postharvest Pathology: The main postharvest pathological diseases of bananas and plantains are crown rot, a disease complex caused by several fungi  (Colletotrichum musae, Fusarium semitectum, Fusarium pallidoroseum,  Lasiodiplodia theobromae, Botryodiplodia theobroame, Ceratocystis paradoxa, Verticillium sp,. Acremonium sp., Curvularia sp.) and anthracnose (Colletotrichum musae) (Stover, 1972; Wardlaw, 1972; Stover and Simmonds, 1987; Snowdon, 1990; Jeger et al., 1995).  Anthracnose is a latent infection that occurs in the plantation, although it can appear on green fruit is more apparent in ripening fruit as numerous small dark circular spots. Crown rot organisms normally enter after harvest, usually as a result of mechanical injury to the fruit. Other diseases that from time to time become important locally include: stem end rot (Lasiodiplodia theobromae / Thielaviopsis paradoxa) where the invaded flesh becomes brown, soft and water-soaked; cigar end rot (Verticillium theobromae / Trachysphaera fructigena) where the rotted tip of the finger is dry and appears similar to the ash of a cigar (Stover, 1972; Wardlaw, 1972; Stover and Simmonds, 1987; Snowdon, 1990; Jeger, et al. 1995).  Sigatoka disease of bananas is caused by Mycosphaerella sp. and has been reported in most banana/plantain producing countries (Snowdon, 1990). The potential of this fungal disease is such that a flourishing banana industry can be destroyed within a few years. Fruit symptoms include premature ripening, buff-colored pulp, and increased susceptibility to chilling injury.  Preventive and control measures to reduce decay incidence begin with strict sanitation in plantation and packing plant, postharvest treatment with systemic fungicides, minimize mechanical damage during handling, prompt cooling of fruit to lowest safe temperature, and expedite transport to final destination.

Quarantine Issues: None

Suitability as Fresh-Cut Product: Bananas and plantains are not good candidates for fresh-cut processing because of their very high oxidation and browning potential (John and Marchal, 1995).

Special Considerations: Mechanical damage in bananas and plantains take several forms that vary in importance depending upon the perceptions of consumers. Banana peel is very sensitive to mechanical damage.  Export markets for bananas require a blemish-free fruit, although requirements are a bit more relaxed for plantains. Great care during handling is needed at all times. Bruising of the pulp is undesirable and cannot always be detected from damage to the peel (Akkaravessapong, 1986). RH levels < 85 to 90% accentuate symptoms of mechanical damage.
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Scientific Name and Introduction:  Snap beans and long beans are commodities of the Fabaceae (Leguminosae) family in which both the fleshy pod and seeds are consumed.  They include fresh snap or common beans (string beans, yellow wax beans, green beans) (Phaseolus vulgaris L.), runner or flat beans (P. coccineus L.), and long beans (Vigna sesquipedalis).  Fresh pod beans are available from many production areas in the U.S., but in the Winter months they are produced mainly in Florida and Mexico.   

Quality Characteristics and Criteria: Beans should be well formed and straight, bright in color with a fresh appearance free of defects, and tender (not tough or stringy) but firm.  The diameter of the pod, rather than length, is a good indicator of quality.  Buyers prefer pods with no or only slight bulges, indicating tender, young seeds.  As the name implies, snap beans should break easily when the pod is bent, giving off a distinct audible snap.  Poor quality is most often associated with over-maturity, broken beans, water loss, chilling damage and decay. 

Horticultural Maturity Indices:  Snap beans (yellow, green and purple types) are harvested when they are rapidly growing; about 8 to 10 days after flowering for typical mature snap beans.  All pod beans should be harvested when the pod is bright green and fleshy, and the seeds are small and green. After that period, excessive seed development reduces quality and the pod becomes pithy and tough, and loses its bright color. 

Grades, Sizes and Packaging:  U.S. Grades for snap beans are U.S. Fancy, U.S. No. 1 and U.S. No. 2 based primarily on external appearance.  Although not sized for market, a reasonable size is expected according to the characteristics of each variety.  Beans are packed in 25- to 30-lb (11.4 to 13.6 kg) crates, and 15- or 20-lb (6.8 or 9.1 kg) cartons; pre-snipped beans for foodservice are available in 10-lb bags (4.5 kg).

Cooling:  Snaps beans can be hydro-cooled, and this is especially beneficial in dry climates where dehydration is a concern, and in situations where evaporation of surface moisture occurs rapidly after cooling, ie., beans packed in wire-bound crates.  Although hydro-cooling is very rapid, significant postharvest decay can occur if the product remains wet after cooling.  Forced-air cooling is the method of choice if beans have been packed.  Although efficient cooling is achieved without leaving free moisture on beans, water loss does occur (Boyette et al., 1994; Sargent, 1995). 

Optimum Storage Conditions:  The recommended conditions for commercial storage of snap beans are 5 to 7.5 °C (41 to 46 °F) with 95 to 100% RH.  At 5 to 7.5 °C (41 to 46 °F) a storage-life of 8 to 12 days is expected.  Good quality can be maintained for a few days at temperatures below 5 °C (41 °F) but chilling injury will be induced (see chilling sensitivity). Some chilling may occur even at the recommended storage temperature of 5 °C (41 °F) after 7 to 8 days depending on cultivar.  At storage temperatures above 7.5 °C (46 °F), quality rapidly decreases due to yellowing, seed development and water loss.  Waxed cartons and plastic film liners are helpful to reduce water loss.  The perishability and rates of water loss of immature beans are higher than for mature beans.  Long beans have postharvest requirements similar to those of snap beans with similar responses to chilling temperatures (Zong et al., 1992).

Controlled Atmosphere (CA) Considerations:  At recommended storage temperatures, O2 of 2 to 5% reduces respiration (Saltveit, 1997).  Snap beans tolerate and are benefited by CO2 between 3 to 10%. The main benefit is retention of color and reduced discoloration and decay on damaged beans (Cano et al., 1997; Hardenburg et al., 1986; Trail et al., 1992).  Higher CO2 (20 to 30%) levels are used for short periods, like 24 h, but can cause off-flavors (Costa et al., 1992).

Retail Outlet Display Considerations:  Snap beans should not come in contact with ice or water, both of which can leave spots (translucent, water soaked areas) on the pods.  For the same reason, misting is not generally recommended unless the beans are seriously dehydrated.

Chilling Sensitivity.  Snap and Pod beans are chilling sensitive, and visual symptoms will depend on the storage temperature. At temperatures below 5 °C (41 °F), the typical symptom of chilling injury is a general opaque discoloration of the entire bean. A less common symptom is pitting on the surface and increased water loss.  At temperatures of 5 to 7.5 °C (41 to 46 °F), the most common symptom of chilling injury is the appearance of discrete rusty brown spots. These lesions are very susceptible to attack by common fungal pathogens. Beans can be held about 2 days at 1 °C (34 °F), 4 days at 2.5 °C (37 °F), and 6 to 10 days at 5 °C (41 °F) before chilling symptoms appear (Cantwell, unpublished). No discoloration occurs on beans stored at 10 °C (50 °F), but undesirable seed development, water loss, and yellowing will occur at this storage temperature.  Different varieties differ substantially in their susceptibility to chilling injury (Cantwell, unpublished; Watada and Morris, 1966b).

Freezing injury.  Freeze damage appears as water-soaked areas which subsequently deteriorate and decay. Freezing injury occurs at temperatures of -0.7 °C (30.7 °F) or below.

Ethylene Production and Sensitivity: Beans produce only very low amounts of ethylene (< 0.05 µL kg-1 h-1 at 5 °C (41 °F).  Ethylene exposure > 0.1 µL L-1 promotes chlorophyll loss, increases browning, and reduces green bean storage-life by 30 to 50% at 5 °C (41 °F ) (Wills and Kim, 1996).

Respiration Rates:  Beans are rapidly growing when harvested and have high respiration rates.
Temperature
Snap Beans
Long Beans


(mg CO2 kg-1 h-1)

0 °C
40
80
5 °C
66
90
10 °C
110
175
15 °C
170
374
20 °C
234
396
To get mL kg-1 h-1, divide the mg kg-1 h-1 rate by 2.0 at 0 °C (32 °F), 1.9 at 10 °C (50 °F), and 1.8 at 20 °C (68 °F).  To calculate heat production, multiply mg kg-1 h-1 by 220 to get BTU per ton per day or by 61 to get kcal per metric ton per day.  Snap bean data are from Watada and Morris (1966a), and Long bean data are from Zong et al. (1992). 
Physiological Disorders:  See section on “Chilling Sensitivity.”

Postharvest Pathology:  Various decay organisms may attack fresh pod beans as a result of chilling injury, surface moisture, or mechanical damage. Common decay causing fungi are those causing “nesting decays” (cottony leak caused by Pythium spp., Rhizopus spp), gray mold (Botrytis cinerea), and watery soft rot (Sclerotinia species).  Watersoaked spots may be due to lesions caused by bacterial infections (Pseudomonas spp., Xanthomonas spp.) (Snowdon, 1992). 

Quarantine Issues: None. 

Suitability as Fresh-cut Product:  For foodservice, beans are snipped to remove stem and tails. Browning of the cut ends can be a problem, and high CO2 atmospheres help retard discoloration. 

Special Considerations:  Extra careful and expedited postharvest handling are required for highly perishable very fine French beans or Haricot Verts to avoid physical damage and dehydration. 
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Scientific Name and Introduction: Beta vulgaris L. Crassa group, table beet or red beet is a biennial of the Chenopodiaceae family. In the first year, it forms a fleshy storage root (enlarged hypocotyl) that is the edible part. In the early stages of plant development, the whole plant may be consumed.  They are grown worldwide, with leading production in Germany, Poland, Russian Federation, and North America. 

Quality Characteristics and Criteria: Quality criteria include root shape, root size (diameter), color, firmness (turgidity), smoothness, cleanness, trimming of rootlets and freedom from defects. Intensive and uniform color with minimum zoning is the most important quality criteria. 

Horticultural Maturity Indices:  Fresh market bunched beets (with tops) are harvested as early as 50 to 70 days after planting whereas roots (without tops) are usually harvested later, but before they reach full maturity, especially when they are intended for long-term storage.

Grades, Sizes and Packaging:  Grades U.S. No.1 and U.S. No.2 are based primarily on external appearance. Unless otherwise specified, the diameter of each beet shall be not < 2.5 to 3.8 cm (1 to 1.5 in).  Standard bunches of beets shall be fairly uniform in size, and each bunch of beets shall not weigh < 0.5 kg (1.1 lb) and must contain at least 3 beets.  Fresh market bunched beets are packed in small crates 10 to 15 kg (22 to 33 lb) capacity, whereas beets intended for storage are packed in 20 kg (44 lb) polyethylene lined crates or bins of 500 to 600 kg (1,100 to 1,320 lb) capacity

Pre-cooling conditions:  Bunched beets should be pre-cooled to below 4 (C (39.2 °F) within 4 to 6 h of harvest. Hydro-cooling, forced-air cooling and package icing are common cooling methods. Proper pre-cooling and packaging retard subsequent discoloration of the leaves, weight loss and decay. Mature harvested beets should be pre-cooled within 24 h after harvest to below 5 (C (41 °F) with forced-air cooling. 

Optimum Storage Conditions: Bunched beets can be kept for about 10 to 14 days at 0 (C (32 °F) and > 98% RH. Topped beets should be stored at 1 to 2 (C (32.9 to 35.6 °F) and 98% RH. During storage at 0 to 1 (C (32 to 33.8 °F), more black spot and rot occur than at higher temperatures (Schouten and Schaik, 1980). Red beets can be in air-ventilated storage for 4 to 6 mo and in mechanical refrigerated storage for as long as 8 to 10 mo. Before storage, beets should be topped and sorted to remove all diseased or mechanically damaged roots.  Large roots keep much better than small ones, because they shrivel more slowly.

Red beets can be stored in pits and trenches, especially in those countries where Winter temperatures are low for prolonged period. Insulation of pits (clamps) and trenches is needed to avoid injurious temperature fluctuations. The temperature in pits (clamps) and cellars should not drop below -0.5 °C (31.1 °F) or exceed 5 (C (41 °F), to minimize losses caused by freezing or sprouting and rotting. 

Controlled Atmosphere (CA) Considerations: There is little or no benefit from CA or MA storage of beetroots. Elevated levels of CO2 (( 5%) in the atmosphere may cause increased decay (Shipway, 1968). 

Retail Outlet Display Considerations: Bunched beets should be placed on refrigerated shelves at 3 to 5 (C (37.4 to 41 °F), and beetroots should be held < 10 (C (50 °F).

Chilling Sensitivity: Beetroots are not sensitive to chilling temperatures and should be stored as cold as possible without freezing.

Ethylene Production and Sensitivity: Beetroots produce very low amounts of ethylene at ( 0.1 µL kg-1 h-1 and are not particularly sensitive to ethylene exposure. 

Respiration Rates:

Temperature
mg CO2 kg-1 h-1
0 (C
4 to 6

5 (C 
10 to 12 

10 (C
16 to 20

15 (C
24 to 38

20 (C
50 to 70

To get mL kg-1 h-1, divide the mg kg-1 h-1 rate by 2.0 at 0 °C (32 °F), 1.9 at 10 °C (50 °F), and 1.8 at 20 °C (68 °F).  To calculate heat production, multiply mg kg-1 h-1 by 220 to get BTU per ton per day or by 61 to get kcal per metric ton per day.  Data are from Uddin (1998).
Physiological Disorders: Death of shoots and breakdown of the top part of roots are a common problem during long-term storage of beetroots at 0 ºC (32 °F). Physiological disorders will appear very quickly during subsequent shelf-life at 20 ºC (68 °F) (Adamicki and Badełek, 1997).

Postharvest Pathology:  The most common decay found in beetroots during storage is gray mold (Botrytis cinerea Pers.) (Robak and Wiech, 1998). Beetroots are also affected by black rot caused by Phoma betae Frank.  Water-soaked and brown lesions become black and affect mostly the tip of the root. Good air circulation and optimal storage conditions retard development of black rot. 

Quarantine Issues: None.

Suitability as Fresh-cut Product: No current potential.
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Scientific Name and Introduction:  Blackberries (Rubus sp.) are a member of the Rosaceae family and are grown as a perennial crop.  Blackberries are widely grown in the south central and northwestern U.S. and are found as three plant types.  Trailing blackberries and dewberries are thorny and must be trellised.  Semi-erect blackberries are generally thornless and have long trailing lateral branches.  Erect blackberries can be found as thorny or thornless cultivars and  have upright growth with lateral branches that remain upright. Blackberry-raspberry hybrids include tayberry, loganberry, youngberry, and boysenberry (Jennings, 1988).  Blackberries are compound fruits, made up of many drupelets, attached to a receptacle.  The fruit detaches from the pedicel and the receptacle remains fleshy and firmly attached to the drupelets.  Berries are soft and juicy.  The commercially important cultivars are: Chester Thornless, Triple Crown, Kotata, Shawnee, Navaho, Kiowa, Brazos, Thornless Evergreen and Arapaho.

Quality Characteristics and Criteria:  High quality blackberries are free of injury, decay, calyxes (caps) and sunscald, are fully black in color, appear and feel turgid, and are of regular shape. To meet U.S. Grade 1, ≤ 1% of the lot must be free from mold and 5% free of other defects.

Horticultural Maturity Indices:  For fresh market, blackberry maturity can be determined by fruit color, gloss, and ease of detachment.  Fully black berries should pull easily from the pedicel yet be firm, not mushy.  Blackberries lose acidity with ripening and are quite astringent if harvested partially colored.  Some varieties must be harvested only when fruit are dull black (‘Chester Thornless’), otherwise they are too acid to eat.

Grades, Sizes and Packaging:  Generally, 1 to 2 pt and occasionally 1 qt containers are used. The most common packaging is vented plastic ‘clamshell’ boxes, packed in units of 12 per carton.
Pre-cooling Conditions:  Forced-air cooling to 5 ºC within 4 h is recommended for best shelf-life.  Blackberries should be shipped with refrigeration at temperatures < 5 ºC.  A similar protocol is used for fruit destined for processing and fruit are processed within 24 h of harvest.

Optimum Storage Conditions:  Blackberries can be held 2 to 14 days, depending on cultivar, at -0.5 to 0 ºC (31.1 to 32 ºF), with > 90% RH.

Controlled Atmosphere (CA) Considerations:  Blackberries benefit from 10 to 20% CO2 + 5 to 10% O2 to reduce decay and softening (Kader, 1997).

Retail Outlet Display Conditions:  Blackberries should be stored and displayed at the coldest refrigeration temperature possible, with no mist.  As little as 1 day at room temperature can stimulate growth of gray mold.

Chilling Sensitivity:  Blackberries are not known to be chilling sensitive. 
Ethylene Production and Sensitivity:  Stimulation of Botrytis cinerea (gray mold) growth can occur on blackberries in the presence of ethylene.  Ethylene production by blackberries is widely variable with cultivar and can be as little as 0.1 µL kg-1 h-1 or as high as 2 µL kg-1 h-1  (Burdon and Sexton, 1993).

Respiration Rates:
Temperature
mg CO2 kg-1 h-1
0 ºC
18 to 20

4-5 ºC
31 to 41

10 ºC
62

15-16 ºC
75

20 ºC
100 to 130

To get mL kg-1 h-1, divide the mg kg-1 h-1 rate by 2.0 at 0 °C (32 °F), 1.9 at 10 °C (50 °F), and 1.8 at 20 °C (68 °F).  To calculate heat production, multiply mg kg-1 h-1 by 220 to get BTU per ton per day or by 61 to get kcal per metric ton per day.  Data are from Perkins-Veazie et al. (1996) for ‘Navaho,’ ‘Shawnee,’ ‘Choctaw’ at 20 ºC (68 °F) and from Robinson et al. (1975) for ‘Bedford Giant’ at other temperatures.

Physiological Disorders: The major disorders are: red drupelet disorder (areas of red drupelets on fully ripe berry); weight loss (shrivel); and leakers (berries with leakage of juice) (Mitcham et al., 1998; Perkins-Veazie et al., 1996).

Postharvest Pathology: The most common postharvest diseases are gray mold (Botrytis cinerea) and Rhizopus rot (Rhizopus stolonifer) (Ellis et al., 1991; Jennings, 1988).

Quarantine Issues: None known.

Suitability as Fresh-cut Product: Blackberries are incorporated into fruit cups and fruit plates.

Special Considerations: Damage easily; can develop red areas after storage that may be due to loss of pigment from water contact or from cultivar-dependent red drupelet disorder.
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Scientific Name and Introduction:  Blueberries (Vaccinium sp.) are a member of the heath family (Ericaceae), grown as a perennial crop.  Blueberries have a blue to blue-black epidermis or skin that is covered by a waxy bloom, giving the fruit a light blue appearance. The flesh is creamy-white to green in color and juicy.  Blueberries of commercial importance include the lowbush (V. angustifolium Ait.), Northern (V. corymbosum L.), Southern (hybrids of V. corymbosum, V. ashei, V. darrowi Camp.) highbush, and rabbiteye (V. ashei Reade).  Lowbush blueberries are much smaller (<1 g) than highbush types and are prized for use in processed products such as pie and pastry fillings, pancakes, muffins, jams, and sauces. Northern highbush berries are grown primarily in the northern tier of the U.S. and require 600 to 1000 h of chilling below 7 °C (44.6 °F) (Pritts, 1992).  Southern highbush berries require fewer chill hours and can lose fruit to frost damage if grown in areas where Spring temperatures drop to < 0 °C (32 °F) during bloom and early fruit set.  Rabbiteye blueberries are hardy only in the southern U.S. or where Winter temperatures remain above 10 °C (50 °F).  These berries often have a gritty mouth feel from seeds and stone cells, lack a well-developed calyx, but have a longer shelf-life and more pigment than highbush berries.

Quality Characteristics and Criteria:  High quality blueberries are free of injury, decay, and sunscald, are fully blue in color with little or no red at the stem end, and appear, as well as feel, turgid.

Horticultural Maturity Indices:  For fresh market, fruit should be fully blue and firm.

Grades, Sizes and Packaging: Highbush blueberries are graded as U.S. No. 1 or unclassified.  Size can be used in connection with the grade: extra large, < 90 berries/cup (250 ml); large, 90 to 129 berries/cup; medium, 130 to 189 berries/cup; small, 190 to 250 berries/cup (USDA-AMS, 1966).  Blueberries are packaged as 2 or 1 pint units, usually in polyethylene or polystyrene ventilated clamshells, and sold as 12-unit trays. 

Pre-cooling Conditions: Blueberries for fresh market should be forced-air cooled to < 10 oC (50 °F), graded, then maintained under refrigeration at 0 to 3 °C (32 to 37.4 °F) within an hour after harvest to remove field heat and extend storage-life.  Pre-cooling to 5 ºC (41 °F) can cause condensation problems in lowbush blueberries when packed at ambient temperatures, but should be incorporated when delays between picking and packing exceed 21 h (Jackson et al., 1999).

Optimum Storage Conditions:  Blueberries should be held at -0.5 to 0 ºC (31.1 to 32 ºF) with > 90% RH, for up to 2 weeks for lowbush, northern and southern highbush (Jackson et al., 1999;  Perkins-Veazie et al., 1995) and up to 4 weeks for rabbiteye (Miller et al., 1988).

Controlled Atmosphere (CA) Considerations: Rabbiteye, highbush, and lowbush blueberries benefit from 10 to 15% CO2 + 1 to 10% O2 when held at or below 5 ºC (41 °F; Smittle and Miller, 1988; Prange et al., 1995).  Firmness and TA were maintained and decay decreased, with a shelf-life up to 6 weeks.

Retail Outlet Display Conditions:  Blueberries should be stored and displayed under refrigeration with temperatures as close to 0 °C (32 °F) as possible.

Chilling Sensitivity:  Blueberries are not known to be chilling sensitive.  

Ethylene Production and Sensitivity:  Stimulation of Botrytis cinerea (gray mold) growth can occur on blueberries in the presence of ethylene.  Ethylene production ranges from 0.5 to 2 µL kg-1 h-1  for Northern highbush, varying with year and cultivar (Suzuki et al., 1997), to 10 µL kg-1 h-1 for rabbiteye blueberry (El-Agamy et al., 1982)

Respiration Rates:
Temperature
mg CO2 kg-1 h-1
0 ºC
   2 to 10

4-5 ºC
   9 to 12

10 ºC
 23 to 35

15-16 ºC
 34 to 62

20-21 ºC
 52 to 87

25-27 ºC
 78 to 124

To get mL kg-1 h-1, divide the mg kg-1 h-1 rate by 2.0 at 0 °C (32 °F), 1.9 at 10 °C (50 °F), and 1.8 at 20 °C (68 °F).  To calculate heat production, multiply mg kg-1 h-1 by 220 to get BTU per ton per day or by 61 to get kcal per metric ton per day.

Physiological Disorders: The major disorders are shrivel (water loss), sunscald and fruit cracking.

Postharvest Pathology: Blueberries are susceptible to Botrytis cinerea (gray mold), anthracnose (ripe rot; Colletotrichum gloesosporiodes) (Milholland, 1995).  At temperatures above 10 ºC (50 °F), Rhizopus stolonifer can grow readily in fruit packs.

Quarantine Issues:  Blueberry maggot (Rhagoletis mendax Curran) is the primary postharvest pest limiting shipments of unfumigated blueberries to Canada and states west of the Rockies.  Methyl bromide is currently the only USDA-approved method of postharvest control.  Plum cucurlico (Conotrachelus nenuphar) (Herbst) and blueberry maggot are quarantine pests for shipments to Japan (Guy Hallman, USDA-ARS, Weslaco, Texas; personal communication).

Suitability as Fresh-cut Product:  Can be incorporated into fruit cups and prepared fruit trays.
Special Considerations: Bruising through improper handling or mechanical harvesting reduces the storage-life of fresh fruit.  Mechanical harvesting can reduce fruit storage-life by half compared to hand-harvesting.
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Scientific Name and Introduction: Bok choy (Brassica campestris L. ssp chinensis) is also known as Chinese chard, boy-toyo, pak-choy, and pak-tsoi (King, 1989). Bok choy is the non-heading type of Chinese cabbage (Li, 1981).  It is annual of the Cruciferae family.  The edible portions are the shinny, dark green leaves and the thick, chalk-white stalks (Peirce, 1987).  Most U.S. bok choy is produced in California.
Quality Characteristics and Maturity Indices: High quality bok choy has thick, fleshy, firm stalks and glossy, dark-green leaves. Bok choy with bruised or slimy spots and wilted leaves should be avoided. 

Grades, Sizes and Packaging: Bok choy is mainly supplied to ethnic markets in the U.S., but many large supermarkets are carrying it in their ‘ethnic’ fresh produce departments.  There are no standard U.S. grades.

Pre-cooling conditions: Prompt pre-cooling to near 0 °C (32 °F) is important to maintain freshness and for extended storage.  

Optimum Storage Conditions: The recommended storage conditions for bok choy are 0  to 5 °C (32 to 41 °F) with > 95% RH.
Controlled Atmosphere (CA) Considerations: Low O2 atmospheres of 0.5 to 1.5% retard leaf yellowing caused by chlorophyll degradation (O’Hare et al., 1995).  A combination of 5% CO2 + 3% O2 delay leaf yellowing and senescence during storage (Wang and Herner, 1989).
Retail Outlet Display Considerations: Bok choy is displayed loosely on a refrigerated shelf.  Misting should be applied to minimize moisture loss and desiccation.   

Chilling Sensitivity: Bok choy is not chilling sensitive and should be stored as cold as possible without freezing.  It freezes at -0.5 °C (31.1 °F). 

Ethylene Production and Sensitivity: Bok choy produces very small amounts of ethylene at 0.1 to 0.2 µL kg-1 h-1 and is not overly sensitive to ethylene.
Respiration Rates: 

Temperature
mg CO2 kg-1 h-1
0 °C
5 to 6

5 ° C
10 to 12

10 °C
19 to 21

15 °C
34 to 44

20 °C
48 to 63

To get mL kg-1 h-1, divide the mg kg-1 h-1 rate by 2.0 at 0 °C (32 °F), 1.9 at 10 °C (50 °F), and 1.8 at 20 °C (68 °F).  To calculate heat production, multiply mg kg-1 h-1 by 220 to get BTU per ton per day or by 61 to get kcal per metric ton per day.  Data are from Luo and Zheng, 2001.
Physiological Disorders and Postharvest Pathology: Leaf yellowing is a sign that senescence has occurred during extended storage, or under high than optimal storage temperatures. Storing bok choy at 0 to 5 °C (32 to 41 °F) will mitigate this problem. 

Quarantine Issues: None.

Suitability as Fresh-cut Product: No current potential. 
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Scientific Name and Introduction:  The tropical breadfruit (Artocarpus altilis [Parkins] Fosb.) develops from the whole inflorescence and is normally round, sometimes cylindrical, 15 to 30 cm (6 to 12 in) in diameter and weighs from 0.5 to 3 kg (1.1 to 6.6 lb) (Nakasone and Paull, 1998). The fruit receptacle (core) is surrounded by a pale yellow-white edible pulp which is covered by a yellow green thin reticulated skin.  Most varieties are seedless (Ragone, 1991); seeded varieties have from 10 to 150, 2.5 cm (1 in)-long brown seeds (Bennett and Nozzolillo, 1987).  They are widely grown in tropical areas.

Quality Characteristics and Criteria:  Fruit must be physiologically mature, have green skin and firm flesh with uniform shape, and be free from decay, sunscald, cracks, bruises, and mechanical damage.

Horticultural Maturity Indices:  Fruit at different growth stages are harvested for different uses. Mature green fruit are harvested as a starch vegetable, while some people prefer to eat the ripe sweet fruit.  Harvested green fruit produce copious latex, especially from the cut peduncle and injuries on the fruit.  Maturity is indicated by larger size, a slight change in the skin color to a yellowish-green, small drops of latex on the rind, firm flesh texture and the segments are more rounded and smoother than less mature fruit.  As the fruit starts to ripen, the skin changes to a yellowish green.  Latex needs to be allowed to drain from the fruit after harvest before washing in water to avoid latex stain.

Grades, Sizes and Packaging:  There are no U.S. or International grade standards.  Graded according to size, various counts per fibreboard carton 9 to 18 kg (20 to 40 lb).  Fruit sold on a weight basis. Telescoping 2-piece fibreboard cartons are generally used for packaging.  Also, 1-piece cartons having dividers to minimize fruit movement and rubbing are used.

Pre-cooling Conditions:  Cool and ship fruit as soon as possible after harvest.  Room-cooling most often used to 12 ºC (53.6 ºF), do not use hydro-cooling as it leads to skin browning.

Optimum Storage Conditions:  Store at 12 to 14 ºC (53.6 to 57.2 ºF) and 90 to 95% RH for a maximum of about 20 days.

Controlled Atmosphere (CA) Considerations: Film wrapping delays softening and skin discoloration of breadfruit stored at 13 ºC (55.4 ºF) (Thompson et al., 1974).  The O2 levels in film wrapped fruit are less than 5% (Worrell and Carrington, 1997), while CO2 rose to 10 to 30%. CA studies indicated that at 12 ºC (53.6 ºF), the best storage atmosphere is 2 to 5% O2 + 5% CO2 for up to 3 weeks storage (Ramlochan, 1991).

Retail Outlet Display Considerations:  Display at 12 to 14 ºC (53.6 to 57.2 ºF); do not mist.

Chilling Sensitivity:  Long term storage is not possible.  At 12 ºC (53.6 ºF) chilling injury symptoms begin to develop within 7 days (Marriott et al., 1979).  Symptoms are a brown scald-like discoloration of the skin, failure to fully soften, poor flavor development and an increase in decay.

Ethylene Production and Sensitivity:  Early-maturing fruit have a production rate of 1.0 to 1.5 µL kg-1 h-1 and 0.7 to 1.2 µL kg-1 h-1 for late mature fruit (Worrell and Carrington, 1997).  Breadfruit are sensitive to ethylene exposure, which leads to rapid ripening. 

Respiration Rates:

Temperature
mg CO2 kg-1 h-1
13 ºC
94 to 564

25 ºC
362 to 597

To get mL kg-1 h-1, divide the mg kg-1 h-1 rate by 2.0 at 0 °C (32 °F), 1.9 at 10 °C (50 °F), and 1.8 at 20 °C (68 °F).  To calculate heat production, multiply mg kg-1 h-1 by 220 to get BTU per ton per day or by 61 to get kcal per metric ton per day.  From Worrell and Carrington (1997) and Worrell et al. (1998).
Physiological Disorders:  Mechanical injury leads to rapid deterioration, possibly due to wound ethylene inducing premature and more rapid ripening.  No other reported disorders (Worrell and Carrington, 1997).

Postharvest Pathology:  Fruit rot due to Phytophthora palmivora and pink disease (Botryobasidium salmonicola) have been reported (Salunke and Desai, 1984).  Purseglove (1968) reports a fruit rot caused by Rhizopus artocarpi in India.

Quarantine Issues:  Breadfruit is a fruit fly host and has been successfully treated by vapor heat treatment and irradiation.

Suitability as Fresh-cut Product:  No products have yet been developed.

Special Considerations:  Fruit can be boiled, dried, used in breadmaking or fermented, while slices can be fried or stored in brine (Whitney, 1988; Bates et al., 1991).  The sweet ripe fruit is eaten as a dessert.  The cooked seeds are also eaten.
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Scientific Name and Introduction: Brassica oleracea L., Italica group, also known as broccoli, calabrese or sprouting broccoli, is a native of southern Europe. The crop is annual and grows to maturity in about 75 to 95 days, depending on cultivar, season and planting date. The whole immature influorescence (head) is the edible portion, with the floret tissue most often being consumed. It grows best in cool climates and is available year-round from many areas of North America, although a large proportion is grown in California.

Quality Characteristics and Criteria: High quality broccoli has either a dark or bright green color with closed beads, ie., flower buds.  The head should be firm to hand pressure, compact, and the stalk cleanly cut to the appropriate length for a particular grade standard or for crowns.

Horticultural Maturity Indices: Head diameter, compactness and all beads on the head being closed. Over-mature heads are characterized by open flower buds or enlarged buds on the verge of opening resulting in a loose head.

Grades, Sizes and Packaging:  There are three grades, U.S. Fancy, U.S. No. 1 and U.S. No. 2.  They are based on external appearance, damage, trimming and stalk diameter (USDA-AMS, 1943).  In the fresh market, broccoli is normally bunched, with two to three heads bound together.  These are packed 14 to 18 to a bunch in waxed cardboard boxes, weighing approximately 10 kg (21 lb) (Boyette et al., 1996). Larger heads may have the stem trimmed off to produce “crowns” and these are packed loose in 9 kg (20 lb) boxes. Individual florets are also cut and packed in 2.5 to 5 kg (5.5 and 11 lb) film bags for hotel, restaurant and institutional use.

Pre-Cooling Conditions:  Field-packed broccoli is commonly cooled by injecting liquid-ice into the waxed cartons (Cantwell and Suslow, 1999).  Ice maintains the proper temperature and RH for transport and distribution. Hydro-cooling and forced-air cooling are also options, but good temperature management is required during transport (Cantwell and Suslow, 1999).

Optimum Storage Conditions:  The recommended conditions for commercial storage are 0 oC (32 oF) with 98 to 100% RH. Under these conditions, broccoli can be kept in excellent condition for 2 to 3 weeks.  Use of package icing is required if storage or transport conditions cannot be maintained at the recommended temperature or RH (Shewfelt et al., 1983).  If temperature can be maintained, the use of ice is not necessary (Kleiber et al., 1993).  The use of perforated plastic film packaging to minimize wilting is also recommended (Toivonen, 1997).  Loss of quality during prolonged storage is a result of wilting, yellowing of buds and leaves, loosening or opening of buds, and decay.

Controlled Atmosphere (CA) Considerations:  The recommended atmospheres for broccoli are between 1 to 2% O2 + 5 to 10% CO2 when storage temperature is 0 to 5 °C (32 to 41 °F) (Makhlouf et al., 1989; Cantwell and Suslow, 1999).  Optimal CA conditions can double storage-life, especially when held above optimum temperatures.  However, if O2 drops < 1% in storage, there is a risk of off-odors, caused by the generation of sulfur-containing volatiles (Forney et al., 1991). High rates of air exchange are recommended in shipping containers to avoid accumulation of off-odors.  Modified atmosphere packaging systems generally maintain both O2 and CO2 at 10% to prevent the accumulation of the off-odors.

Retail Outlet Display Considerations: Bottom-icing of the refrigerated display will enhance shelf-life of broccoli (Perrin and Gaye, 1986). Misting of the refrigerated display will also enhance shelf-life and quality retention for broccoli (Barth et al., 1992).

Chilling Sensitivity: Broccoli is not sensitive to chilling temperatures and should be stored as cold as possible without freezing.

Ethylene Production and Sensitivity: Broccoli has a very low ethylene production rate at < 0.1 µL kg-1 h-1 at 20 ºC (68 ºF).  Broccoli is extremely sensitive to ethylene, with floret yellowing being the most prevalent symptom.  Exposure to ethylene at 2 µL L-1 at 10 ºC (50 °F) results in a 50% reduction in shelf-life (Cantwell and Suslow, 1999). 

Respiration Rates:
Temperature
mg CO2 kg-1 h-1
0 °C
20 to 22

5 °C
32 to 36

10 °C
76 to 86

15 °C
160 to 180

20 °C
280 to 320

Respiration rates for cut florets are slightly higher (Izumi et al., 1996).  To get mL kg-1 h-1, divide the mg kg-1 h-1 rate by 2.0 at 0 °C (32 °F), 1.9 at 10 °C (50 °F), and 1.8 at 20 °C (68 °F).  To calculate heat production, multiply mg kg-1 h-1 by 220 to get BTU per ton per day or by 61 to get kcal per metric ton per day.  Data are from Cantwell and Suslow (1999). 

Physiological Disorders: Bead yellowing may occur in over-mature broccoli, when stored at higher than optimal temperatures, and/or in response to exposure to ethylene. Presence of yellow beads ends the commercial marketability of broccoli. There sometimes is confusion between senescence-associated yellow bead and yellow-light green marginal areas of floret that occur due to shading by adjacent floret tissue. This is normal for tissue that is not exposed to light during head growth (Cantwell and Suslow, 1999).  A disorder called black speck on stems occurs in stored broccoli and certain cultivars are more resistant than others (DeEll and Toivonen, 1998).

Postharvest Pathology: Grey mold rot (Botrytis cinerea Pers.:Fr.) is the most commonly reported mold in shipped broccoli (Ceponis et al. 1987).  Erwinia carotovora (Jones) Bergey et al. and Pseudomonas spp. bacterial head rots are found on shipped and stored broccoli.  Injury to the bead tissue during handling may enhance development of these rots (Liao and Wells 1987).  While Erwinia carotovora decay seldom develops at temperatures < 5 °C (41 °F), decay caused by Pseudomonas spp. can be severe (Liao and Wells, 1987) since it grows relatively well even at low storage temperatures (Brocklehurst and Lund, 1981).  A few cultivars of broccoli have been identified with some resistance to Pseudomonas spp. (Canaday et al., 1991).

Quarantine Issues: None.

Suitability as Fresh-cut Product: Broccoli is commonly converted to fresh-cut floret products.  Stems are also shredded into a packaged coleslaw-type product. 

Special Considerations: Some cultivars have greater storage-life potential than others (Cantwell and Suslow, 1999).  If long distance shipping or storage is integral to a marketing strategy, then consideration should be made for appropriate cultivar selection, especially if controlled atmospheres are not being used.  Freezing injury may occur during liquid-ice cooling if excessive salt is used in the slurry mixture or if the broccoli is stored below -1 ºC (30.2 ºF).  Thawed buds will be very dark and translucent and can later turn brown or may serve as sites for development of bacterial decay.  Rough handling during harvest and packing can damage floret tissue and can lead to increased levels of decay.  Hot-water dips have recently been shown to improve shelf-life of broccoli (Forney, 1995).
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Scientific Name and Introduction:  Brassica oleracea L., Gemmifera group, also known as Brussels sprouts, is a tall-stemmed cabbage in which the axillary buds in the axis of each leaf form tiny heads or sprouts.  It has a common origin from the wild cabbage of southern Europe with other cole crops including cabbage, broccoli, and cauliflower.  Brussel sprouts prefer a cool growing environment.  A large portion of sprouts grown in the U.S. are from the central coast of California.

Quality Characteristics and Criteria:  High quality Brussels sprouts are about 2.5 cm (1 in) in diameter, firm with green outer leaves and a white cut end.  The inner leaves are light yellow, fairly tightly arranged and without large air pockets between them.

Horticultural Maturity Indices:  Harvest maturity is based on sprout size and compactness.  Sprouts should be 2.5 cm (1 in) or more in diameter but not more than 7 cm (2.75 in) in length.  Stem elongation, resulting in space between older leaves is a sign of over-maturity.

Grades, Sizes and Packaging:  There are two grades, U.S. No. 1 and U.S. No. 2.  They are based on size, external appearance, decay, and damage (USDA-Agricultural Marketing Service, 1954).  To meet these grades, sprouts should be > 2.5 cm (1 in) in diameter and the length < 7 cm (2.75 in). Brussels sprouts are packaged loose in 11 kg (25 lb) cartons or in 3.6 to 4.6 kg (8 to 10 lb) flats or cartons containing 12 plastic containers of sprouts (Boyette et al., 1996).  Plastic liners are often used in cartons with loose sprouts to reduce moisture loss.  In addition, polyethylene bags are sometimes used in place of the plastic containers for consumer units.

Pre-Cooling Conditions:  Effective cooling methods include vacuum-cooling, hydro-cooling, icing, and forced-air cooling.  Vacuum-cooling is most effective when sprouts are pre-moistened to reduce wilting and can be an effective method of cooling even when sprouts are packaged as long as the packaging material is ventilated (Stenvers, 1971).  Hydro-cooling is also an efficient method to rapidly cool sprouts from 20 °C (68 °F) to 2 °C (35.6 °F) in about 15 min (Stewart and Barger, 1963).  Package or top-icing can also be used, especially if storage or transport conditions cannot maintain recommended temperature or RH.  Forced-air cooling effectively cools sprouts if packaging is properly vented to allow good air contact with the product.

Optimum Storage Conditions:  The recommended conditions for commercial storage are 0 °C (32 °F) at 95 to 100% RH.  Under these conditions, quality can be maintained for 3 to 5 weeks.  Their storage-life is half as long at 5 °C (41 °F) and only 10 days at 10 °C (50 °F). 

Controlled Atmosphere (CA) Considerations: Atmosphere modification is beneficial to inhibit yellowing and decay and prevent discoloration of the cut end when sprouts are held above optimum temperatures.  At 7.5 °C (45.5 °F), an atmosphere of 2.5% O2 + 10% CO2 will maintain quality for 4 weeks.  CO2 ranging from 5% to 10% + O2 of 1% to 2% are beneficial (Lyons and Rappaport, 1962; Isenburg, 1969; Lipton and Mackey, 1987). CO2 >10% and O2 < 0.5% can be injurious.  CO2 > 20% cause internal browning and pitting of outer leaves (Lyons and Rappaport, 1962), while ≤ 0.5% O2 can induce a reddish-tan discoloration of the heart leaves and bitter flavor (Lipton and Mackey, 1987).  Brussels sprouts do not produce the severe off-odors when held in low O2 as do other Brassica vegetables, such as broccoli (Forney and Jordan, 1999).

Retail Outlet Display Considerations:  Bottom-icing of the refrigerated display will enhance shelf-life of Brussels sprouts. Plastic over-wraps or misting of bulk displays minimize wilting.

Chilling Sensitivity:  Brussels sprouts are not sensitive to chilling temperatures and should be stored as cold as possible without freezing.
Ethylene Production and Sensitivity:  Brussels sprouts have a very low ethylene production rate at < 0.25 μL kg-1 h-1 at 7.5 °C (45.5 °F), although rates increase 10-fold with prolonged storage (Lipton and Mackey, 1987).  Brussels sprouts are extremely sensitive to ethylene, with leaf yellowing and abscission being the most prevalent symptoms.

Respiration Rates:
Temperature
mg CO2 kg-1 h-1
0 °C
20 to 60

5 °C
44 to 96

10 °C
126 to 168

15 °C
128 to 272

20 °C
172 to 380

To get mL kg-1 h-1, divide the mg kg-1 h-1 rate by 2.0 at 0 °C (32 °F), 1.9 at 10 °C (50 °F), and 1.8 at 20 °C (68 °F).  To calculate heat production, multiply mg kg-1 h-1 by 220 to get BTU per ton per day or by 61 to get kcal per metric ton per day.  Data are from Lyons and Rappaport (1959). 

Physiological Disorders: Internal browning or tipburn is when the margins of inner leaves in buds turn brown and is caused by inadequate transport of calcium to young expanding leaves. Growing conditions that favor rapid growth promote internal browning (Maynard and Barker 1972).

Postharvest Pathology: Diseases of importance during storage are bacterial soft rots (Erwinia sp. and Pseudomonas sp.), bacterial leaf spot (Pseudomonas syringae pv. maculicola (McCulloch)), black or gray leaf spot (Alternaria sp), and grey mold (Botrytis cinerea Pers.) (Snowdon 1991).

Quarantine Issues: None.

Suitability as Fresh-cut Product: Some trimming of the stem-end could be done to convert the sprouts to a ready-to-cook form.

Special Considerations: Brussels sprouts can be stored attached to their stem to prolong storage-life (Pelleboer, 1982).  Packaging in vented poly-bags or over-wrapped cups is advantageous to reduce wilting. Their highest freezing point is -0.8 °C (30.6 °F) (Cantwell 1997)
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Scientific Name and Introduction: Brassica oleracea L. var. capitata L., red, green (domestic or Danish-type) and oxheart (conical or pointed-head type) cabbage, and B. oleracea var. sabauda L., savoy cabbage, are biennials of the Brassicaceae (Cruciferae) family (Munro and Small, 1997; Pritchard and Becker, 1989). The edible portion includes the leaf blades, stalks and core (stem) inside the head. Cabbage is grown in most major temperate vegetable growing areas and is available year-round in most markets. The major cabbage-producing countries, in order of production, are China, Russian Federation, India, Japan and South Korea (Ghosh and Madhavi, 1998). In the U.S., the major fresh-cabbage producing states are New York, California and Texas and the major sauerkraut producing states are New York and Wisconsin (http://www.usda.gov/nass/pubs/agstats.htm).

Quality Characteristics and Criteria: Cabbage leaves should be green, dark purple or crinkly, depending on the cultivar (Pritchard and Becker, 1989; Ryall and Lipton, 1979). The head should be firm and heavy for its size. The heads are crisp and fresh if they squeak when rubbed together (Boyette et al., 1999; Ryall and Lipton, 1979). The presence of a waxy bloom on the leaves is desirable. Yellow leaves on green cultivars suggest extensive trimming of the outer leaves. The presence of a seedstalk is undesirable.

Horticultural Maturity Indices: Determination of maturity in Brassicas is not simple and no one index of maturity is reliable (Ludford and Isenberg, 1987) At maturity, a cabbage head should be firm and weigh 0.5 to 3 kg (1 to 6.6 lb), depending on cabbage type and cultivar. It is suggested that the optimum head density of green cabbage destined for storage ranges between 0.72 and 0.80 kg L-1 (Pritchard and Becker, 1989). Immature heads, besides being smaller and softer, have an excessive tendency to wilt and less characteristic odor (Pritchard and Becker, 1989). Over-mature heads are more susceptible to splitting; pathogens, physiological disorders and seed stalk formation (Boyette et al., 1999; Intl. Org. Std., 1991; Pritchard and Becker, 1989).

Grades, Sizes and Packaging: Grades include U.S. No. 1 and U.S. Commercial, based on defects (physical and decay), excessive wrapper leaves and off-size heads (http://www.ams.usda.gov/standards/vegfm.htm).  Size classification is optional. For the pointed-head type (oxheart) cabbage: Small < 0.7 kg (1.5 lb); Medium is 0.7 to 1.4 kg (1.5 to 3 lb); and Large > 1.4 kg (3 lb).  For domestic and Danish-types (green) cabbage: Small < 0.9 kg (2 lb); Medium is 0.9 to 2.3 kg (2 to 5 lb); and Large > 2.3 kg (5 lb). Cabbage heads are shipped in sacks, wax-coated corrugated cardboard cartons and wire-bound crates of various sizes up to 22.7 kg (50 lb) (http://www.ams.usda.gov/mnreports). Some cabbage is shipped in heavy fiberboard bulk pallet bins holding 227 to 455 kg (500 to 1,000 lb) (Boyette et al., 1999).

Pre-cooling Conditions: Cabbage should be cooled as soon as possible after harvest to reduce wilting. If cabbage is harvested under cool conditions, it can be placed in storage and cooled without pre-cooling. Hydro-cooling before storage or forced air-cooling in storage can be used to rapidly remove field heat (Boyette et al., 1999).

Optimum Storage Conditions: Cabbage should be stored at 0 °C (32 °F) with 98 to 100% RH. Storage at -1 °C (31.1 °F) may cause freezing, while storage at 1 °C (33.8 °F) may promote senescence-related storage losses, especially if held in long-term storage, eg., 6 mo (R. Prange, unpublished data). High RH minimizes decay and trimming losses (van den Berg, 1987). Light in the storage reduces physiological disorders, mainly leaf yellowing, and weight loss (Prange and Lidster, 1991). Cabbage is stored in bins or in bulk (Intl. Org. Std., 1991). Only three to six wrapper leaves should be left on the head (Hardenberg et al., 1986). All loose leaves should be trimmed away before storage because they will interfere with air circulation between heads. Air circulation in the storage should be sufficient to maintain constant and uniform temperature and RH around all cabbage heads. Bulk-stored cabbage should be ventilated in a vertical direction and the depth should not exceed 3 m (9.8 ft). Bin-stored cabbage should be arranged to maximize uniform air flow around each bin. Storage-life depends on cultivar (eg., early-maturing cultivars tend to have shorter storage-life than late-maturing cultivars), quality (eg., freedom from decay), and storage conditions (Boyette et al., 1999; Intl. Org. Std., 1991; Pritchard and Becker, 1989). The end of storage-life is signaled by increased respiration rate, core elongation and sometimes rootlet development on the core butt (Guffy and Hicks, 1985; Pritchard and Becker, 1989).

Controlled Atmosphere (CA) Considerations: Cabbage is probably the most common vegetable to be stored under CA (Saltveit ,1997; Thompson, 1998). O2 of 1.5 to 5% + CO2 levels of 0 to 8% have been recommended. Therefore, the mid-range of 2 to 3% O2 + 4 to 5% CO2, is probably a good general recommendation. Low O2 reduces color and trimming loss and inhibits root growth, while elevated CO2 reduces rot, decay and sprouting (Saltveit, 1997). Atmospheres with < 1.5 to 2% O2 and/or > 8 to 10% CO2 may injure stored cabbage. Low O2 and high CO2 injury is slow to appear and the extent of the injury depends on the cultivar and maturity (Masters and Hicks, 1990). For example, low O2 injury does not occur in oxheart cabbage until after 35 days when held in 0% O2 (100% N2) at 0 to 4 °C (32 to 39.2 °F) (Schouten et al., 1997), and green cabbage does not show lowO2 injury until after 2, 3 or 6 mo, if held at 0 °C (32 °F) in 0.5, 1.0 or 1.5% O2, respectively (Masters and Hicks, 1990; Menniti et al., 1997). Similarly, CO2 injury is seen after 2 mo if held at 0 °C (32 °F) in 20% CO2 or after 2.5 mo (Menniti et al., 1997) or 6 mo (Masters and Hicks, 1990) in 10% CO2. Symptoms of low O2 and high CO2 injury are off-flavors and off-odors as well as visible damage (Lougheed, 1987; Ludford and Isenberg, 1987; Masters and Hicks, 1990; Menniti et al., 1997; Schouten et al., 1997). Both low O2 and high CO2 produce very similar visible damage, beginning in the meristematic tissue located at the apex of the stem in the middle of the cabbage. Damage spreads to outer leaves and appears as black spots (low O2) (Schouten et al., 1997) or bronzing (high CO2) (Masters and Hicks, 1990). Lougheed (1987) suggested there may be no interaction between low O2 and high CO2 in injury, but Kaji et al. (1993) showed that high CO2 (5 to 15%) keeps shredded cabbage in good condition if O2 is high (5 to 10%).

Retail Outlet Display Considerations: Damaged outer wrapper leaves should be trimmed. Trimming may expose lighter green inner leaves but natural or artificial light can increase the chlorophyll content and green color (Perrin, 1982). The greatest concern is loss of moisture that can be prevented by wrapping each head in a clear plastic film; frequent water sprinkling and/or displaying in a refrigerated cabinet.

Chilling Sensitivity: The freezing point is -0.9 to -0.83 °C (30.4 to 30.5 °F) (Hardenburg et al., 1986; Pritchard and Becker, 1989). Even though cabbage with core temperatures of -1.1 °C (30 °F) before harvest can show no evidence of freeze damage (Pritchard and Becker, 1989), storage at -1.0 °C (30.2 °F) is not advisable because it can produce freeze damage, especially on outer leaves (R. Prange, unpublished data). 

Ethylene Production and Sensitivity: Cabbage produces very little ethylene at < 0.1 μL kg-1 h-1 at 20 °C (68 °F) (Kader, 1992).  Kubo et al. (1990) detected only a trace amount of ethylene from cabbage at 25 °C (77 °F). When heads are stored in the dark at 5 °C (41 °F) in sealed plastic bags, ethylene reaches only 1 μL  L-1, regardless of cultivar (Meinl and Bleiss, 1986). Cabbage should not be exposed to ethylene after harvest. Ethylene increases respiration (Inaba et al., 1989), and concentrations as low as 1 μL L-1 accelerate senescence and quality loss, eg., leaf yellowing, wilting and abscission, more in air than in CA (Hicks and Ludford, 1980; Pritchard and Becker, 1989).  In shredded cabbage, reduced ethylene production and phenylalanine ammonia-lyase (PAL) activation is linked to less tissue browning (Takahashi et al., 1996)

Respiration Rates:

Temperature
mg CO2 kg-1 h-1
0 °C
4 to 6

4 to 5 °C
10 to 12

10 °C
16 to 20

15 to 16 °C
22 to 34

20 to 21 °C
30 to 54

25 to 27 °C
54 to 70

To get mL kg-1 h-1, divide the mg kg-1 h-1 rate by 2.0 at 0 °C (32 °F), 1.9 at 10 °C (50 °F), and 1.8 at 20 °C (68 °F).  To calculate heat production, multiply mg kg-1 h-1 by 220 to get BTU per ton per day or by 61 to get kcal per metric ton per day.  Data are from Hardenburg et al., 1986.

Physiological Disorders: As summarized by Bérard (1994), there are some physiological disorders of stored cabbage for which the causal agent is not known, eg., black midrib, black speck of cabbage (pepper spot, spotted necrosis), gray speck, and necrotic spot. The occurrence of these disorders can be influenced by cultivar and cultural practices, especially mineral nutrition. Some physiological storage disorders are clearly frost-induced, eg., black blotching, black spot, epidermal detachment, frost blemishing and redheart. Bérard (1994) also describes storage disorders caused by dormancy, ethylene and head maturity.

Postharvest Pathology: The major cause of postharvest decay in cabbages is the gray mold fungus (Botrytis cinerea) (Geeson, 1983; Snowden, 1991). Gray mold can be minimized by using less susceptible cultivars, using preharvest fungicides, practicing strict hygiene, avoiding mechanical or frost damage, rapid cooling to 0 °C (32 °F) and using CA storage (Snowden, 1991). Another fungus, Alternaria rot, a.k.a. dark, black or gray leaf spot (Alternaria spp.), infects a wide range of cruciferous vegetables and can cause significant storage losses (Geeson, 1983, Snowden, 1991, Cerkauskas, 1994). Since this disease is commonly transmitted through infected seed, it can be minimized by using disease-free seed, rotation with non-cruciferous crops, preharvest fungicides, destruction of diseased material before storage and rapid cooling to 0 °C (32 °F). There are other fungi (eg., ring spot), bacteria (eg., bacterial rots and watery soft rot), and a virus (tobacco mosaic virus) that can cause significant losses (see Ceponis et al., 1987; Dennis, 1983; Snowden, 1991).

Quarantine Issues: None

Suitability as Fresh-cut Product: Shredded cabbage is suitable as a fresh-cut product, packaged in air or MAP.  Gorny (1997) indicates MA treatment efficacy as ‘good’ in extending storage-life of shredded cabbage and provides respiration rates at different temperatures, atmospheres and varying amounts of shredding (see below).

Temperature
Atmosphere
Degree of shredding
mg CO2 kg-1 h-1
2 °C
air
quarter head
8



rough cut (1 x 3 cm)
16 to 18



fine cut (0.5 - 1.5 cm)
18 to 24

5 °C
air
quarter head
10 to 12



rough cut (1 x 3 cm)
22 to 34



fine cut (0.5 - 1.5 cm)
26 to 40

5 °C
5 % O2
quarter head
12 to 14


+ 5 % CO2
rough cut (1 x 3 cm)
26 to 30



fine cut (0.5 - 1.5 cm)
30 to 40

10 °C
air
quarter head
20 to 24



rough cut (1 x 3 cm)
44 to 50



fine cut (0.5 - 1.5 cm)
54 to 60

23 °C
air
quarter head
60 to 70 



rough cut (1 x 3 cm)
130 to 170



fine cut (0.5 - 1.5 cm)
170 to 190

Special Considerations: None
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Scientific Name and Introduction:  This star shaped fruit (Averrhoa carambola  L.), has a waxy skin with a several smooth brown seeds, the flesh and skin are juicy and crisp (Nakasone and Paull, 1998).  This fruit is also referred to as star fruit, however, the name is not preferred, as there is another tropical fruit called “star fruit.”  Carambola is grown widely in the tropics and the warmer areas of the subtropics.

Quality Characteristics and Criteria:  Firm, crisp fruit with shiny golden yellow, orange or yellow skin when ripe with no brown discoloration on the skin or wings (ribs).  Browning on the wing edges is due to mechanical injury and should not be included in the best grades.  Shape oval or elliptic in outline 10 to 13 cm (4 to 5 in) long and 5 to 8 cm (2 to 3 in) in diameter.  The absence of fiber is desirable.  Cultivars vary greatly in sweetness and acidity, from tart Golden Star and sweeter Arkin to the low acid, sweet cultivars derived from Malay varieties (Nakasone and Paull, 1998).  Fruit showing wind, insect or bird damage and poor shape are culled (Campbell, 1989).

Horticultural Maturity Indices:  Harvesting is based on physiological and horticultural maturity as indicated by skin color change from green to yellowish-green, then to full yellow or yellowish-orange (Campbell, 1989).  Optimum sugars are achieved at the full yellow color, however, ripe fruit are more fragile and easily damaged, hence, fruit are frequently harvested at the color break stage (O’Hare, 1993).  Fruit that are 50 to 75% yellow are firmer than full-color fruit, and hence are regarded as commercially mature.  Fruit continue to develop color after harvest, although there is little other change in quality.

Grades, Sizes and Packaging:  There are no U.S. or International grades.  Carambola are sold in 3.5 kg (7 lb) flats, 10 kg (22 lb) single layers, 9 kg (20 lb) suitcases and clam shells (16 fruit in 1 layer or 32 fruit in 2 layers).  Fruit require careful packing to reduce damage; use a plastic or foam sleeve or waxed paper wrap.

Pre-cooling Conditions:  Cool to 4 to 10 ºC (39 to 50 ºF) by forced-air or room-cooling as soon as possible.

Optimum Storage Conditions:  Though a tropical crop, fruit can be stored at 4 to 5 ºC (39 to 41 ºF) with 90 to 95% RH for 21 to 35 days (Kader, 1999).  The length of storage varies with ripeness when placed in storage.  Lower RH results in more severe rib edge browning; if held at 20 ºC (68 ºF) and 60% RH, fruit have a storage-life of 3 to 4 days.

Controlled Atmospheres (CA) Consideration:  Fruit held at 7 ºC (45 ºF) in 2.2 to 4.2% O2 with 8 to 8.2% CO2 retained color and firmness more than fruit held in air (Revel and Thompson, 1994). Sealed polyethylene film bags delay degreening and have no effect on flavor after 1 week at 20 ºC (68 ºF) on either green- or full-colored fruit (Wan and Lam, 1984) when the final CO2 content in the bag is 2.5 to 4.5% and O2 about 15%.  Waxing also delays water loss and degreening (Vines and Grierson, 1966).

Retail Outlet Display Considerations:  Do not display green fruit, do not stack more than two or three fruit high to avoid mechanical injury to the fragile wings (ribs).  Misting is acceptable.

Chilling Sensitivity:  Carambola are not especially chilling sensitive.  However, during low temperature storage at 0 ºC (32 ºF) or  5 ºC (41 ºF) for 2 and 6 weeks, respectively, some small surface pitting and rib edge browning can occur.  The severity of injury increases with storage time (Wan and Lam, 1984).  Greener fruit are more susceptible to injury (Wan and Lam, 1984; Kenney and Hull, 1986).  This symptom can also be seen with dessication and may not be true chilling injury.

Ethylene Production and Sensitivity:  These non-climacteric fruit have a low production rate of < 3 µl C2H4 kg-1 h-1 at 20 ºC (68 ºF) depending on maturity (Oslund and Davenport, 1983).  Ethylene treatment (100 µL L-1 for 24 h) slightly hastens degreening, but has little effect on flavor. Higher rates of ethylene production have been recorded after 12 days at 20 ºC (68 ºF) (Shiesh et al., 1987) and may be associated with decay.

Respiration Rate:

Temperature
mg CO2 kg-1 h-1
5 ºC
10 to 19

10 ºC
15 to 29

15 ºC
19 to 34

20 ºC
37 to 92

To get mL kg-1 h-1, divide the mg kg-1 h-1 rate by 2.0 at 0 °C (32 °F), 1.9 at 10 °C (50 °F), and 1.8 at 20 °C (68 °F).  To calculate heat production, multiply mg kg-1 h-1 by 220 to get BTU per ton per day or by 61 to get kcal per metric ton per day.  Data are from Lam and Wan (1983; 1987).  Respiration rate and pattern depend on cultivar and maturity at harvest (Shiesh et al., 1987).

Physiological Disorders: The major problem is physical injury, especially on the rib edges, that leads to browning.  Injury due to abrasion and impact can be avoided by careful handling. Browning due to mechanical injury can intensify with water loss.  Fruit that have lost about 5% of their weight due to water loss show visible symptoms of dehydration.

Postharvest Pathology:  Anthracnose (Colletotrichum gloeosporioides) is most common, and the symptoms are thin, light brown patches on fruit edges (Watson et al., 1988).  Diseases due to Alternaria alternata, Cladosporium cladosporioides and Botryodiplodia theobroma have been reported.  These disease mainly occur at physical injury sites with prolonged storage.

Quarantine Issues:  Carambola is a fruit fly host.  Irradiation and a cold treatment (14 days at 1 ºC) have been recommended.

Suitability as Fresh-cut Product:  Slices and pieces have been developed (Matthews, 1989).  Vacuum-packed slices held at 4 ºC retained color, texture and flavor for 6 weeks if dipped in citrate.

Special Considerations:  None.
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Scientific Name and Introduction: Carrots (Daucus carata L.) are biannuals of the Apiaceae (Umbelliferae) family.  The edible portion is the storage taproot, which contains high levels of carbohydrates (sugars) and ß-carotene (pre-vitamin A).  Most of the carrots in U.S. markets are produced in California complemented by limited production in Michigan, Texas, Colorado, Florida and Washington (Schaffer, 2000), and are available year round. 

Quality Characteristics and Criteria: Quality criteria vary with the end usage.  In general, high quality carrots are firm, straight from “shoulder” to “tip,” smooth with little residual “hairiness,” sweet with no bitter or harsh taste, and show no signs of cracking or sprouting (Suslow and Cantwell, 1998).  

Horticultural Maturity Indices: Harvest maturity varies with the market outlet and the end usage.  For fresh market, most carrots are harvested partially mature, when the roots are about 1.8 cm (0.75 in) or larger in diameter at the upper end (Kotecha et al., 1998).  Late harvesting may improve storability by reducing decay during extended storage (Suojara, 1999).  For fresh-cut processing, carrots are harvested immature to insure they are tender and sweet.
Grades, Sizes and Packaging: Carrots can be harvested either bunched or top trimmed; top trimmed is the dominant method.  The common grades for bunched carrots are No. 1 and commercial grade.  For topped carrots, the grades are extra No. 1, U.S. No. 1, No. 1 Jumbo, and No. 2.  Topped carrots are typically packed in 0.5 to 2.25 kg (1 to 5 lb) consumer bags that are grouped in 11 or 22 to 22.7 kg (24 or 48 to 50 lb) cartons or master poly bags.  Bunched carrots are packed loosely in 12 kg (26 lb) cartons.     

Pre-cooling conditions: Prompt washing and hydro-cooling to < 5 °C (41 °F) is essential to maintain carrot freshness and crispness. Typically, carrots pass through several wash and flume steps that remove field heat and are then hydrocooled in chlorinated water before packing. 

Optimum Storage Conditions: Storage temperature at 0 to 1 °C (32 to 33.8 °F) is essential to minimize decay and sprouting during storage.  High RH is required to prevent desiccation and loss of crispness.  The recommended conditions for commercial storage are 0 °C (32 °F) with 98 to 100% RH.  Under this condition, mature topped carrots can be stored for 7 to 9 mo.  However, commercial storage and distribution condition rarely achieve the optimum storage conditions and topped carrots can be stored for 5 to 6 mo at 0 °C (32 °F) to 5 °C (41 °F) with 90 to 95% RH.  Common “Cello-pack” carrots are typically immature and may be stored successfully for 2 to 3 weeks at 3 to 5 °C (37.4 to 41 °F).  Bunched carrots are highly perishable due to the presence of leaves and can be maintained for only 8 to 12 days. Bunched carrots are typically shipped and stored with shaved or flake-ice.
Controlled Atmosphere (CA) Considerations: CA generally does not extend storage-life of carrots beyond that in air with high RH (Leshuk and Saltveit, 1990).  Sprouting is inhibited in 1% O2, but it also promotes decay (Abdel-Rahman and Isenberg, 1974).  CO2 injury appears as soft brown spots upon exposure to air.  CO2 levels > 5% promote decay.  Storage at < 3% O2 can result in increased bacterial rot, off-flavors, and off-odors (Leshuk and Saltveit, 1990).
Retail Outlet Display Considerations: Carrots are often displayed loosely on a shelf with mist or in polyethylene consumer packages.
Chilling Sensitivity: Carrots are not chilling sensitive and should be stored as cold as possible without freezing.  Their freezing point is -1.2 °C (29.8 °F). 

Ethylene Production and Sensitivity: Carrots produce very low ethylene at < 0.1 µL kg-1 h-1 at 20 °C (68 °F).  Exposure to exogenous ethylene (~ 0.2 µL L-1) will induce development of isocoumarin and bitter flavor (Lafuente et al., 1996; Talcott and Howard, 1999).  Induction and accumulation of isocoumarins is greatest on cut but not yet peeled carrot sections.  Exposure of peeled carrot to ethylene does not result in development of bitterness.  Thus, whole or sectioned carrots should not be mixed in storage with ethylene-producing commodities. 

Respiration Rates:
Temperature
Topped
Bunched


(mg CO2 kg-1 h-1)

0 °C
10 to 20
18 to 35

5 °C
13 to 26
25 to 51

10 °C
20 to 42
32 to 62

15 °C
26 to 54
55 to 106

20 °C
46 to 95
87 to 121

To get mL kg-1 h-1, divide the mg kg-1 h-1 rate by 2.0 at 0 °C (32 °F), 1.9 at 10 °C (50 °F), and 1.8 at 20 °C (68 °F).  To calculate heat production, multiply mg kg-1 h-1 by 220 to get BTU per ton per day or by 61 to get kcal per metric ton per day.  Data from Hardenburg et al. (1986). 

Physiological Disorders: Bruising, shatter-cracks, longitudinal cracking, and tip-breakage are signs of excessively rough handling.  Nantes-type carrots are particularly susceptible to mechanical damage (McGarry, 1993).  The severity of shatter-cracking is partially related to varietal background.  Wilting, shriveling, and rubberiness are signs of moisture loss.  Sprouting may occur on topped carrots if the storage temperature is too high.  Bitterness can develop in storage due to the accumulation of isocoumarin, caused by disease or exposure to ethylene.  Harsh flavor may be caused by the high terpenoid content, generally from pre-harvest water stress.  Surface browning or oxidative discoloration often develops during storage, especially on carrots harvested immature.
Postharvest Pathology: The most prominent storage decays are bacteria soft rot (induced by Pectobacterium carotovora or Pseudomonas marginalis), gray mold rot (Botrytis cinerea), Rhizopus soft rot (Rhizopus spp.), watery soft rot (Sclerotinia sclerotiorum), and sour rot (Geotrichum candidum) (Snowden, 1992). Ozone is a fungistatic against Botrytis and Sclerotinia, but tissue damage and color loss occur after treatment (Liew and Prange, 1994).  Good sanitation during packing and storing 0 °C (32 °F) are most important to minimize postharvest diseases.    

Quarantine Issues: None

Suitability as Fresh-cut Product: A significant portion of fresh carrot production is used to produce fresh-cut products such as “baby carrots,” carrot coins, shreds, and sticks.  Carrots directed or consigned to fresh-cut processing are typically harvested at an immature stage for optimal texture and taste.  Fresh-cut carrots typically have a shelf-life of 3 to 4 weeks at 0 °C (32 °F) and 2 to 3 weeks at 3 to 5 ºC (37 to 41 °F).  “White blush” has remained a problem for processors and shippers of fresh-cut carrots.  The superficial whiteness is caused by dehydration of the cut surface (Cisneros-Zevallos et al., 1995).  Low storage temperature and the presence of residual surface moisture significantly delays development of this disorder.  Using sharp knives is important to reduce tissue damage and extend shelf-life (Barry-Ryan and O’Beirne, 1998). 
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Scientific Name and Introduction: Cassava (Manihot esculenta Crantz) is a woody perennial shrub of the Euphorbiaceae family, and is native to the Amazon region and Central America.  It is widely grown throughout the tropics for the starchy root (Rubatsky and Yamaguchi, 1997).  It is known as yuca (in Spanish), mandioca (in Portuguese), cassave (in Haitian Creole) and manioc (in French).  It is consumed in a wide variety of forms, but only after some form of processing.  Cassava cultivars are classified into two groups based on the amounts of hydrogen cyanide present. “Sweet types” contain < 50 mg kg-1 HCN (fresh weight) and are generally sold as fresh roots, whereas “bitter types” have higher amounts of HCN, but have higher yields and starch content (da Conceição, 1980).  These latter types are processed into products including flour (from coarse to fine textured), tapioca starch and fermented starch. In 1998, 158.6 million metric tonnes (Mt) of cassava was produced, with major producers being Nigeria (30.4 Mt), Brazil (19.8 Mt), Democratic Republic of the Congo (16.5 Mt), Thailand (15.9 Mt) and Indonesia (14.7 Mt) (FAO, 1999).  It is adapted to semi-arid climates and has been a traditional crop for subsistence farmers, although it is increasingly cultivated as an agronomic crop.  Most U.S. imports arefrom Costa Rica (Anon., 1999).
Quality Characteristics and Criteria: Fresh cassava roots are highly perishable under ambient conditions, becoming unmarketable in 3 days or less. However, with proper handling, fresh roots can be stored up to 30 days, permitting export by marine container.  The roots should be firm, turgid, fairly straight, and free from mechanical injury, decay, and vascular streaking.  The pulp of most common cultivars varies from white to light yellow.  Principle causes for loss are vascular streaking, and decay.  Extended storage can have two adverse effects on quality: starches are converted to sugars and roots become fibrous, lengthening cooking time (Booth et al., 1976). 

Horticultural Maturity Indices: Harvest maturity is based on the root size desired by the market, and ranges from 6 to 18 mo after planting.  Sweet types usually grow faster than the bitter types. The main stem is often trimmed to approximately 1 m in height a few days before harvest.  Plants are manually pulled, or the root zone undercut to facilitate plant removal, and individual roots cut. Cassava roots are turgid at harvest and must be handled carefully to avoid splitting the periderm.

Grades, Sizes and Packaging: There is no U.S. Grade Standard for cassava.  However, shippers should consult with buyers to define quality expectations.  For example, root lengths in excess of 30 cm (11.8 in) are undesirable to many importers.  Commercially, roots are cleaned by brushing, rinsed in water, surface-dried, and coated with paraffin wax prior to packing in corrugated cartons.

Pre-cooling Conditions: Room cooling is generally sufficient, provided the roots are not held too long at ambient temperatures prior to or after packing.

Optimum Storage Conditions: Cassava is very sensitive to water loss, and methods used to maintain high RH during storage include moist sawdust and plastic films (Booth, 1976). Paraffin wax is applied to roots exported to the U.S.  Waxing and holding at 0 to 5 ºC (32 to 41 °F) extends shipping time to > 30 days with minimal occurrence of vascular streaking. A water-based carnauba wax maintained postharvest quality equivalent to paraffin wax (Sargent et al., 1995).

Controlled Atmosphere (CA): No commercial-scale recommendations have been reported.

Retail Outlet Display Considerations: Cassava is normally displayed in bulk and should be held in refrigerated display cases.

Chilling Sensitivity: Cassava is chilling sensitive, but it can be stored at 0 to 5 ºC (32 to 41 °F) with minimal symptom development.

Ethylene Production and Sensitivity: Cassava roots (‘Valencia’) stored in air at 25 °C (77 °F) and 98% RH produced about 1.2 µL kg-1 h-1 ethylene; however, ethylene production doubled at 65% RH (Aracena, 1993).  Ethylene production was 2.1 µL kg-1 h-1 for unwaxed roots after 4 days at 25 °C (77 °F) and 1.1 µL kg-1 h-1 for roots coated with paraffin wax.

Respiration Rates: After 1 day of storage in air at 25 °C (77 °F) with 98% RH, unwaxed roots respired at a rate of 23 μL CO2 kg-1 h-1, whereas those treated with 75 µL L-1 ethylene respired 32 μL kg-1 h-1. After 4 days under the same conditions, internal CO2 production was 8 and 11 μL kg-1 h-1, while O2 levels were 9 and 11.5 μL kg-1 h-1 for unwaxed and waxed roots, respectively (Aracena, 1993). 

Physiological Disorders: Vascular streaking appears as blue or purple spots when the root is cut transversely and is a result of an oxidative process in the vascular bundles.  It typically develops at wound sites, such as the apical end where the root is cut at harvest, or under breaks in the peel that can occur during careless handling.  Development of vascular streaking is related to the oxidation of scopoletin, a phenolic compound (Wheatley and Schwabe, 1985).  Storage of unwaxed cassava roots in 1% O2 at 25 °C (77 °F) for 3 days significantly reduced vascular streaking over storage in air (Aracena, 1993).  Exposed to 75 µL L-1 ethylene increased vascular streaking, and ethylene induced by wounding or water-stress may be the immediate cause of vascular streaking.

Postharvest Pathology: There are two major postharvest fungal diseases of cassava. Botryodiplodia rot (Botryodiplodia theobromae Pat.) invades the pulp beneath the skin, initially developing white mold that later becomes dark grey (Snowdon, 1992).  Fusarium rot (Fusarium solani, Mart., Sacc.) also grows on the pulp, causing a brown discoloration.  Other pathogens reported by Snowdon (1992) include: Aspergillus rot (Aspergillus flavus), bacterial soft rot (Erwinia caratovora ssp. caratovora), Mucor rot (Mucor hiemalis), Phytophthora rot (Phytophthora cryptogea), Rhizopus rot (Rhizopus oryzae), Sclerotium rot (Corticium rolfsii), and Trichoderma rot (Trichoderma harzianum Rifai).

Quarantine Issues:  There are no restrictions on imports from major the production areas.

Suitability as Fresh-cut Product: There is potential for pre-peeled intact or sliced roots, but shelf-life is currently limited to 2 or 3 days under ideal storage conditions due to vascular streaking.
Special Considerations: None.
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Scientific Name and Introduction: Brassica oleracea L., Botrytis group, also known as cauliflower, is derived from the wild cabbage that is native to southern Europe. Cauliflower produces an edible head of malformed and condensed flowers (the curd) whose stalks are short, fleshy, and closely crowded.  Cauliflower is sensitive to its growing environment and requires cool temperatures, plenty of moisture and good fertility to produce quality heads.  Therefore, much of commercial production is in coastal areas having moderate temperatures, or the crop is grown to take advantage of the cooler times of the growing season.

Quality Characteristics and Criteria: Heads of high quality cauliflower are white to cream in color, firm and compact.  The curds should be free of mechanical damage, decay, browning, or yellowing, which can be caused by sun exposure.  Heads should be surrounded by a whorl of trimmed green turgid leaves.

Horticultural Maturity Indices: Harvest maturity is based on head diameter and compactness.  Mature heads are > 15 cm (6 in) in diameter.  Signs of over maturity include “riciness” that is caused by protruding immature floral parts, and browning or spreading of the curds.

Grades, Sizes and Packaging: There are two grades, U.S. No. 1 and U.S. Commercial.  The grades are based on size, external appearance, decay, damage, and trimming (USDA/AMS, 1968). Heads are normally well-trimmed and packed in a single layer with 12 to 24 heads in a carton weighing 11.4 to 13.6 kg (25 to 30 lb).  Cauliflower may also be packed in 27 kg (60 lb) wire-bound crates or 23 kg (50 lb) cartons/crates (Boyette et al., 1996).  Cauliflower is commonly packed in the field where leaves are trimmed closely to the head and the heads are over-wrapped with a perforated plastic film.  The over-wrap should have four to six 6-mm (0.25 in) holes to provide adequate ventilation but minimize dehydration.  Individual florets are also cut and packed in 2.3 and 4.6 kg (5 and 10 lb) film bags for institutional use, or smaller units for consumer packs.

Pre-Cooling Conditions: Cauliflower is mostly vacuum- or hydro-cooled prior to storage or marketing. Vacuum-cooling works well for field packed heads and is more effective if cauliflower is wetted before cooling (Stewart and Barger, 1961).  Forced-air cooling can also be used.
Optimum Storage Conditions: Commercial storage at 0 °C (32 °F) with 95 to 98% RH can maintain good quality for up to 3 weeks, or more depending on initial quality.  Increasing RH to 98 to 100% can further reduce weight loss and maintain turgidity of the heads (van der Berg and Lentz, 1977), but free water accumulation on the curd must be avoided.  Storage-life is about 7 to 10 days at 5 °C (41 °F), 5 days at 10 °C (50 °F), and 3 days at 15 °C (59 °F) (Herregods, 1964).  Loss of quality during prolonged storage includes wilting, browning and spreading of curds, yellowing of leaves and decay.
Controlled Atmosphere (CA) Considerations: The benefits from CA and modified atmosphere are modest (Saltveit, 1997).  Low O2 (< 2%) in combination with 3 to 5% CO2 may delay leaf yellowing and the onset of curd browning (Romo-Parada et al., 1989).  However, injury may occur at < 2% O2 and/or > 5% CO2 (Lipton and Harris, 1976; Lipton et al., 1967).  Injury may not be apparent until curds are cooked, when they become soft, grayish, and develop off-flavors.  Storage in > 10% CO2 can induce injury within 2 days.  Unlike broccoli, fresh cauliflower does not produce strong off-odors when held in low O2 atmospheres (Forney and Jordan, 1999).

Retail Outlet Display Considerations: Bottom-icing of refrigerated displays enhance shelf-life of cauliflower. Plastic over-wraps are also important to minimize wilting during marketing.

Chilling Sensitivity: Cauliflower is not chilling sensitive.

Ethylene Production and Sensitivity: Cauliflower has a very low ethylene production rate of < 1 μL kg-1 h-1 at 20 ºC (68 °F).  It is extremely sensitive to ethylene, with the most prevalent symptoms being curd discoloration and leaf yellowing and abscission.

Respiration Rates:
Temperature
mg CO2 kg-1 h-1
0 °C
16 to 18

5 °C
20 to 22

10 °C
32 to 36

15 °C
42 to 50

20 °C
74 to 84

25 °C
86 to 98

To get mL kg-1 h-1, divide the mg kg-1 h-1 rate by 2.0 at 0 °C (32 °F), 1.9 at 10 °C (50 °F), and 1.8 at 20 °C (68 °F).  To calculate heat production, multiply mg kg-1 h-1 by 220 to get BTU per ton per day or by 61 to get kcal per metric ton per day.  Data are from Suslow and Cantwell (1999). 

Physiological Disorders: Black speck is a disorder where 0.5 to 4 mm (0.02 to 0.16 in) diameter necrotic lesions appear on the surface of branches or flower stalks in the interior of the curds.  This disorder is more prevalent on certain cultivars and is most severe in cauliflower produced under periods of warm weather and rapid growth (Loughton and Riekels, 1988).  Boron deficiency can result in brownish discoloration of the curd and pith of the stems and may result in hollow stems. In addition, blisters and cracks may form on the midribs of leaves and curds may taste bitter (Dearborn and Raleigh, 1935).  Riciness has been described as loose curds with floral parts protruding and can be induced when plants are exposed to > 20 °C (68 °F) prior to curd initiation and to 7 °C (45 °F) thereafter (Wiebe and Krug, 1974).  Over-maturity and storage at elevated temperatures encourages its development, while it can be reduced by timely harvest and storage at 0 °C (32 °F).  Heads are susceptible to freezing injury, which appears as water-soaked and grayish curds, if held < 0.8 °C (30.6 °F).

Postharvest Pathology: The major causes of postharvest decay are bacterial soft rot caused by Erwinia and Pseudomonas spp., and brown rot caused by Alternaria spp. (Ceponis et al., 1987). Storing only good quality, disease-free heads and maintaining good temperature control can best control these decay organisms.

Quarantine Issues: None.

Suitability as Fresh-cut Product: Commonly converted to fresh-cut floret products.

Special Considerations: Growing conditions can strongly influence quality of fresh cauliflower. Heads must be protected from the sun, normally by tying the leaves, during development to prevent yellowing and strong flavor development in the curd.  Only high quality heads should be stored or shipped long distances.  Heads must be handled gently to avoid bruising which results in rapid browning and decay (Suslow and Cantwell, 1999).
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Scientific Name and Introduction: Celeriac (Apium graveolens var. rapaceum Mill. Gaudin) is a bulbous tuber with a crisp texture and a white flesh with a nutty, celery-like flavor.  It is also referred to as celery root or apio and can be used fresh or cooked.  It must be peeled to remove the rough light-brown skin if used fresh.  California is the primary source of U.S. celeriac.

Quality Characteristics and Criteria:  The primary quality characteristics are a firm texture and tender flesh.  Roots with a soft, spongy texture should be avoided.

Horticultural Maturity Indices: Celeriac is harvested when it has met market needs for size.
Grades, Sizes and Packaging: Common packaging is 9.1 kg (20 lb) cartons, although 15.9 kg (35 lb) cartons are also used.  There are no defined grading categories for celeriac; it is graded and packed based on relative size.

Pre-cooling Conditions: Celeriac would benefit from pre-cooling since it retains quality best when stored at 0 °C (32 °F).  However, since celeriac has a relatively low respiration rate, the benefits of pre-cooling must be balanced with the desired storage time before marketing.

Optimum Storage Conditions: For long-term storage of 6 to 8 mo, celeriac should optimally be stored at 0 to 2 °C (32 to 36 °F) with RH of 97 to 98%.  Storage-life can be < 4 mo if temperature exceeds 3 °C (38 °F).  It is also important to maintain high RH of 90 to 98% to prevent moisture loss that results in shriveling.  Freeze injury can occur if celeriac is stored < -1 °C (30 °F) and is manifested as water-soaked areas and/or softening.

Controlled Atmosphere (CA) Considerations:  CA storage is not very effective for prolonging storage-life or maintaining quality of celeriac.  In some studies, low O2 atmospheres did not reduce losses, and high CO2 (5 to 7%) increased decay during 5 mo storage (Weichmann, 1976; 1977).  However, storage in 2% O2 + 2 to 3% CO2 may be beneficial (Cantwell, 2001).

Retail Outlet Display Considerations: Water sprinkle and top ice are beneficial.

Chilling Sensitivity:  Celeriac is not chilling sensitive and should be stored as cold as possible without freezing.

Ethylene Production and Sensitivity:  Rates of ethylene production are < 0.1µL kg-1 h-1 at 20 °C (68 °F).  However, celeriac may be slightly sensitive to ethylene.  Therefore, celeriac should not be stored with other fruits or vegetables that produce high levels of ethylene.

Respiration Rates:
Temperature
mg CO2 kg-1 h-1
0 °C
5 to 8

5 °C
11 to 15

10 °C
18 to 28

15 °C
32 to 38

20 °C
41 to 49

To get mL kg-1 h-1, divide the mg kg-1 h-1 rate by 2.0 at 0 °C (32 °F), 1.9 at 10 °C (50 °F), and 1.8 at 20 °C (68 °F).  To calculate heat production, multiply mg kg-1 h-1 by 220 to get BTU per ton per day or by 61 to get kcal per metric ton per day.  Data are from Morris, 2001.

Physiological Disorders: Celeriac can be slightly sensitive to ethylene exposure, which may result in toughening of the root.

Postharvest Pathology: Decay may become a problem if celeriac is stored in a warm, humid environment.  Therefore, it is important to follow the above storage recommendations to reduce losses due to decay.

Quarantine Issues: None.

Suitability as a Fresh-cut Product: No current potential is apparent.

Special Considerations:  None.
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Scientific Name and Introduction: Celery (Apium graveolens L.) is a biennial of the Umbelliferae (Apiaceae) family but is planted and harvested as an annual crop.  The edible portion is the long, thick, green fleshy petioles, and if present after trimming, associated leaves.  California supplies 75% of U.S. production, with other significant production coming from Florida, and Michigan (Schaffer, 2000). 

Quality Characteristics and Criteria: High quality celery consists of petioles that are well formed with thick, compact, and straight (Suslow and Cantwell, 1998).  Petioles should be tender, light green, and appear fresh.  Additional quality indices are: stalk and midrib length; freedom from defects such as blackheart, pithiness, seed stalks, cracks; and absence of insect damage and decay. Any leaves remaining on the stalk after trimming should not be wilted, yellowed or decayed.  

Horticultural Maturity Indices: Celery is harvested when the overall field reaches the desired marketable size of 35 to 41 cm (14 to 16 in) stalk length, and before the outer petioles develop “pithiness.” Early harvests before the plants reach full size produce stalks with high market quality, and the prices received may more than compensate for lower yield.   

Grades, Sizes and Packaging: U.S. grades for celery are Extra No. 1, No. 1, and No. 2.  Celery may be sold as “Unclassified” to designate a lot that has not been graded within U.S. standards.  In California, fresh market celery is field packed in 27.2 kg (60 lb) cartons containing 48 stalks and 12.7 kg (28 lb) cartons containing 12 or 18 hearts.  Florida celery is packed in 7 size grades from 18 to 96 stalks per crate.  Celery hearts are generally prepared from stalks that are smaller than regular size.  They are trimmed to 20, 25, or 30 cm (8, 10, or 12 in) in length, and packed in 8 or 13 kg (18 or 28 lb) cartons (Peirce, 1987).   

Pre-cooling conditions: Celery is typically hydro-cooled, hydro-vac-cooled, or vacuum-cooled with a chilled water spray application.  Prompt pre-cooling to near 0 °C (32 °F) is essential to maintain the freshness and crispness, as well as for extended storage. 

Optimum Storage Conditions: Celery should be stored at 0 °C (32 °F) with > 95% RH.  At optimum conditions, celery can be stored for up to 5 to 7 weeks with good quality (Hardenburg et al., 1986).  Storage-life is reduced to < 2 weeks at 5 °C (41 °F).  Inner petioles may continue to grow during storage at > 0 °C (32 °F) resulting in quality loss. 
Controlled Atmosphere (CA) Consideration: CA or MA offer small to moderate benefits to celery in storage (Saltveit, 1997).  CA stored stalks maintain better texture and crispness than those stored in air (Gariepy et al., 1984).  Reduced O2 (2% to 4%) and elevated CO2 (3% to 5%) delay senescence, leaf yellowing, and decay (Leshuk and Saltveit, 1990).  However, low O2 or high CO2 injuries may occur at < 2% O2 or > 10% CO2, resulting in off-odors, off-flavors, and internal leaf yellowing. 

Retail Outlet Display Considerations: Celery stalks can be displayed as twist-tied stalks, with or without a plastic sleeve, or in pre-packaged consumer bags typical for celery hearts.  The use of both top ice and misting are acceptable to reduce moisture loss and maintain freshness.  

Chilling Sensitivity: Celery is not chilling sensitive and should be stored as cold as possible without freezing. The freezing point for celery is -0.5 °C (31.1 °F) (Whiteman, 1957). 

Ethylene Production and Sensitivity: Celery produces a small amount of ethylene (< 0.1 µL kg-1 h-1 at 20 °C (68 °F).  The effect of ethylene is temperature and concentration dependent.  Celery is not very sensitive to low concentrations of ethylene when exposure occurs at low temperatures.  At temperatures above 5 °C (41 °F), but more practically 10 °C (50 °F), exposure to > 10 µL L-1 ethylene can result in an accelerated loss of green color and development of pithiness. 

Respiration Rates: 

Temperature 
mg CO2 kg-1 h-1
0 °C
10 to 20

5 °C
13 to 26

10 °C
20 to 42

15 °C
26 to 54

20 °C
46 to 95

To get mL kg-1 h-1, divide the mg kg-1 h-1 rate by 2.0 at 0 °C (32 °F), 1.9 at 10 °C (50 °F), and 1.8 at 20 °C (68 °F).  To calculate heat production, multiply mg kg-1 h-1 by 220 to get BTU per ton per day or by 61 to get kcal per metric ton per day.  Data are from Hardenburg et al. (1986). 

Physiological Disorders:  Pithiness is a major source of quality loss and decreased shelf-life in celery (Saltveit and Mangrich, 1996).  It is characterized by the appearance of whitish regions and air spaces within the tissues and reduced tissue density, and is caused by the breakdown of the internal pith parenchyma tissues of the petiole to produce aerenchyma.  Pithiness may be induced by pre-harvest factors, including cold stress, water stress, pre-bolting (seed stalk induction), and root infection. Storage temperature has a major impact on development of pithiness after pre-harvest induction. Progressive development of pithiness is delayed by storage at 0 °C (32 °F).


Blackheart is a physiological disorder caused by cell death resulting from calcium deficiency, and pre-harvest water stress.  Internal leaves develop brown discoloration, which eventually becomes deep black. 


Brown check is a disorder related to boron deficiency.  It appears as cracks on the inner petiole surface and is also refereed to as crack stem.  The exposed tissues become brown and are susceptible to pathogen infection and decay.  


Crushing or cracking are signs of mechanical damage, and may lead to rapid browning and decay.  Harvesting, packing and handling should be done with great care to prevent damage to the highly sensitive turgid petioles.    


Freezing injury starts at temperatures below -0.5 °C (31.1 °F). Mild freezing causes depressions in the tissues that subsequently turn brown. Severely frozen tissues develop wilted and water soaked appearance on thawing. 

Postharvest Pathology: The most prominent storage decay is bacteria soft rot (primarily caused by Pectobacterium or Pseudomonas), gray mold (Botrytis cinerea), and watery soft rot (Sclerotinia spp.).  Keeping storage temperature near 0 °C (32 °F) is important to minimize losses due to postharvest decay.  Controlled atmospheres (1.5% O2+ 7.5% CO2) have been shown to suppress the growth of Sclerotinia and watery soft rot (Reys and Smith, 1986; Reys and Smith, 1987).  However, careful maintenance of atmospheric composition is required as celery is sensitive to low O2 and high CO2 injury. 

Quarantine Issues: None. However, export loads of celery may be fumigated at entry ports if common insects (aphids, thrips) are found.  

Suitability as Fresh-cut Product: The majority of fresh-cut celery is in the form of celery sticks (cut petioles).  Fresh-cut celery can be packed alone or in combination with other vegetables, such as carrots and broccoli.  The shelf-life of fresh-cut celery is typically 12 to 14 days at 0 to 5 °C (32 to 41 °F).  Discoloration of vascular tissue, splitting of the cut ends, and bacteria decay are major problems limiting shelf-life of fresh-cut celery (Robbs et al., 1996; Saltveit and Mangrich, 1996).  

References: 

Gariepy, Y., G.S.V. Raghavan, R. Plasse, R. Theriault and C.T. Phan. 1984. Long-term storage of cabbage, celery, and leeks under controlled atmosphere. Acta Hort. 157:193-201.
Hardenburg, R.E., A.E. Watada and C.Y. Wang. 1986. The Commercial Storage of Fruits, Vegetables, and Florist and Nursery Stocks. USDA Agric. Hdbk No. 66, Washington, D.C. 

Leshuk, J.A. and M.E. Saltveit. 1990. Controlled atmosphere storage requirements and recommendations for vegetables. In: M. Calderon and R. Barkai-Golan (eds) Food Preservation by Modified Atmospheres. CRC Press, Boca Raton FL, pp. 315-352. 

Peirce, L.C. 1987. Vegetables - Characteristics, Production, and Marketing. John Wiley and Sons, pp. 240-245.
Reys, A.A., and R.B. Smith. 1986. Suppression of sclerotinia and watery soft rot of celery by controlled atmosphere storage.  Plant Dis. 72:790-792. 

Reyes, A.A., and Smith, R.B. 1987. Effect of oxygen, carbon dioxide, and carbon monoxide on celery in storage.  HortScience 22:270-271. 

Robbs, P.G., J.A. Bartz, G. McFie and N.C. Hodge. 1996. Causes of decay of fresh-cut celery. J. Food Sci. 61:444-448.

Saltveit, M.E. 1997. A summary of CA and MA requirements and recommendations for harvested vegetables. In: 7th Intl. Contr. Atmos. Res. Conf., Vol. 4, Vegetables and Ornamentals. Univ. Calif., Davis CA, Postharv. Hort. Ser. 18:98-117.

Saltveit, M.E. and M.E. Mangrich. 1996. Using density measurement to study the effect of excision, storage, abscisic acid, and ethylene on pithiness in celery petioles. J. Amer. Soc. Hort. Sci. 121:137-141.

Shaffer, E. (ed) 2000. Produce Availability and Merchandising Guide. The Packer, Vance Publishing Corp., Lenexa, KS.

Snowdon, A.L. 1992. Color atlas of postharvest diseases and disorders of fruits and vegetables. Vol. 2. CRC Press, Boca Raton FL, pp. 236-262.  

Suslow, T. and M. Cantwell. 1998. Celery Produce Facts. Recommendations for Maintaining Postharvest Quality. http://postharvest.ucdavis.edu/produce. 

Whiteman, T. 1957. Freezing points of fruits, vegetables and florists stocks. USDA Mkt. Res. Rpt. 32, p. 196.
Cherimoya

Robert E. Paull and Nancy Jung Chen

Department of Tropical Plant and Soil Sciences,

University of Hawaii at Manoa, Honolulu, HI
Scientific Name and Introduction:  Cherimoya (Annona cherimola Mill.) is a heart-shaped fruit having few seeds and a smooth skin that does not break apart during ripening.  Cherimoya are grown in Florida, California, and Hawaii.

Quality Characteristics and Criteria:  Fruit size, shape and skin color along with the absence of defects and decay.  Fruit are very susceptible to mechanical injury.  Sugar levels can vary from 14 to 18%, with moderate acid levels.

Horticultural Maturity Indices:  Mature fruit are firm and become very soft during ripening.  Skin changes color from dark to light green or greenish-yellow and is associated with increased surface smoothness. Fruit are harvested when mature and allowed to ripen during marketing.

Grades, Sizes and Packaging:  There are no U.S. or international standards.  Single-layer pack in fiberboard carton with foam sleeve or paper wrapping to avoid bruising.  Carton size 4 and 8 kg (9 to 18 lb) with 12 to 24 count.  Fruit weight from 250 to 600 g (9 to 21 oz).

Pre-cooling Conditions:  Pre-cool as soon as possible after harvest to about 12 ºC to 15 ºC (54 to 59 ºF), room-cooling or forced-air most often used.

Optimum Storage Conditions:  Store at 10 to 13 ºC (50 to 55 ºF) with 90 to 95% RH for 2 to 3 weeks.  If held at 20 ºC (68 ºF), fruit last only 3 to 4 days (Kader and Arpaia, 1999).  Storage is limited by skin darkening, dessication and disease due to chilling injury.  Ripe, soft fruit should be held at 0 to 5 ºC (32 to 41 ºF).

Controlled Atmospheres (CA) Consideration:  Fruit held in 5% O2 for 30 days at 10 ºC (50 ºF) ripened in 11 days after removal to air storage at 20 ºC (68 ºF), versus 3 days for fruit held in 20% O2 (Palma et al., 1993a).  Addition of CO2 at 3% or 6% can also extend storage-life beyond that of storage in air (Alique and Oliveria, 1994).  However, not all results have been positive, and there may be varietal differences (Moreno and Dela Plaza, 1983).  O2 levels < 1% can lead to off-flavor.

Retail Outlet Display Considerations:  Display at room temperature (approximately 20 to 23 ºC; 68 to 73 ºF) if not ripe.  Do not use misting or ice.

Chilling Sensitivity:  Fruit are chilling sensitive, especially below 10 ºC (50 ºF); the extent of injury depends upon duration.  Symptoms include skin darkening and a failure to fully soften and to develop full flavor.

Ethylene Production and Sensitivity:  Cherimoya, which are a climacteric fruit, have high rates of ethylene production of 100 to 300 µL kg-1 h-1 at 20 ºC (68 ºF) (Palma et al., 1993b).  Exposure to ethylene at 100 µL L-1 for 24 h leads to rapid ripening of mature green fruit.

Respiration Rates:
Temperature
mg CO2 kg-1 h-1
10 ºC
47 to 190

15 ºC
84 to 280

20 ºC
138 to 460

To get mL kg-1 h-1, divide the mg kg-1 h-1 rate by 2.0 at 0 °C (32 °F), 1.9 at 10 °C (50 °F), and 1.8 at 20 °C (68 °F).  To calculate heat production, multiply mg kg-1 h-1 by 220 to get BTU per ton per day or by 61 to get kcal per metric ton per day.
Physiological Disorders:  Chilling injury is the major postharvest disorder in which the skin darkens and flesh fails to soften and can be “mealy” with poor flavor (Palma et al., 1993b).  The degree of injury depends upon variety and ripeness stage.  Mechanical injury is a major problem during handling that leads to unsightly black blemishes that can be sunken.  Splitting can occur during ripening and provide sites for decay.  Early season fruit that frequently develop higher sugar levels and are more susceptible to this splitting.

Postharvest Pathology:  Anthracnose (Colletotrichum gloeosporioides) appears as dark lesions and may produce pink spore masses under high RH condition.  Black canker (Phomopsis anonacearum) appears as purple spots that becomes hard and cracked while Botryodiplodia rot (Botryodiplodia theobroma) first appear as purple, later black spots and the flesh becomes brown and corky.  These are preharvest diseases that require good orchard sanitation.  Careful handling and sanitation with cooling, along with fungicides, if approved, can minimize the problems.

Quarantine Issues:  Cherimoya are a fruit fly host.  Other quarantine pests include a seed borer and scales.  Heat treatments and irradiation are potential treatments.

Suitability as Fresh-cut Product:  The fruit is sold as a fresh-cut product, although the shelf-life is unknown.  Ripe pieces can be held at 0 to 1 ºC (32 to 34 ºF).

Special Considerations:  None.
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Scientific Name and Introduction:  Prunus avium L., sweet cherry, is a stone fruit of the Rosaceae family.  The edible portion consists of  the outer layers of the mature ovary wall, the flesh (mesocarp) and the skin (exocarp).  The pit (endocarp) encloses the seed.  Numerous cultivars are grown commercially including Attika, Bing, Brooks, Burlat, Chelan, Lambert, Lapins, Rainier, Tieton, Skeena and Sweetheart.  Sweet cherries are primarily grown in the western U.S. in California, Oregon and Washington State.  Fruit harvest begins in California in May and continues through mid-August in Oregon and Washington State. 

Quality Characteristics and Criteria:  Premium sweet cherries have a bright, shiny appearance with fruit color ranging from dark red (‘Bing’), red (‘Sweetheart’) or yellow with a red blush (‘Rainier’ and ‘Royal Ann’).  The appearance of the stem, green and free from brown discoloration, is also critical for marketing. Flavor is enhanced by high soluble solids and titratable acid content with a firm, juicy fruit texture.  

Horticultural Maturity Indices:  Fruit color is the most consistent and reliable maturity index.  Different cultivars can be harvested at slightly different color stages.  For example, ‘Bing’ cherries should be a mahogany red color rather than lighter red (immature) or purplish red (over-mature).  ‘Lambert’ cherries can be harvested at a brighter, less dark red color while ‘Van’ cherries can be harvested at a darker red color compared to ‘Bing’ (Crisosto, 1991). 

Grades, Sizes and Packaging:  Grades include Washington No. 1 and 2, Northwest No. 1 and 2, and U.S. No. 1 and U.S. No. 2.  Grades are based primarily on appearance, and the three grading systems differ in tolerance to defects.  Sizes are typically expressed as row count and range from 9 to 12.  Packages commonly are 20 lb cartons, although smaller units are becoming more available.    

Pre-cooling Conditions:  Sweet cherries should be cooled to < 5 ºC by 4 h after harvest.  Room-, forced-air and hydro-cooling are all used to cool sweet cherry fruit.  Of these, hydro-cooling is the most rapid and chlorine compounds can be added to the hydro-cooler water to reduce decay potential(Do et al., 1966). 

Optimum Storage Conditions:  The recommended conditions for commercial storage of sweet cherries are -1 to 0 ºC with > 95% RH.  Sweet cherries can be kept in good condition for 2 to 4 weeks under these conditions.
Controlled Atmosphere (CA) and Modified Atmosphere Packaging (MAP) Considerations:  Reduction in the amounts of color change (darkening), acid and firmness loss, incidence of decay and stem browning are potential benefits of CA storage and MAP.  The effectiveness of these technologies is determined in part by fruit quality at harvest. Fruit harvested at a more advanced stage of maturity (low acid, dark color, low firmness) will not realize as much benefit from CA or MAP.  Optimal atmosphere conditions for CA range from 1 to 5% O2 + 5 to 20% CO2 (Chen, 1981; Mattheis et al., 1997; Patterson, 1982).  For MAP, 5 to 10% O2 + 5 to 15% CO2 is effective when fruit temperature is maintained at 0 to 5 ºC (Mattheis and Reed, 1994; Meheriuk et al., 1995).  Temperature control for MAP systems is critical as the risk of anaerobiosis increases as packaged fruit temperature increases.  

Retail Outlet Display Considerations:  Refrigeration during display is critical to reduce quality loss due to stem browning, shrivel and development of decay. Fruit should be held at 5 ºC or less to slow deterioration.  Fruit should be refrigerated but not wetted as continuous moisture on the surface can cause splitting. 

Chilling Sensitivity:  Sweet cherries are not sensitive to chilling temperatures and should be stored as cold as possible without freezing. 

Ethylene Production and Sensitivity:  Sweet cherries produce very low amounts of ethylene but will respond to exogenous or wound-induced ethylene with increased respiration and quality loss.

Respiration Rates:

Temperature
mg CO2 kg-1 h-1
0 °C
6 to 10
5 °C
16 to 28

10 °C
20 to 36

15 °C
28 to 64

20 °C
40 to 90

To get mL kg-1 h-1, divide the mg kg-1 h-1 rate by 2.0 at 0 °C (32 °F), 1.9 at 10 °C (50 °F), and 1.8 at 20 °C (68 °F).  To calculate heat production, multiply mg kg-1 h-1 by 220 to get BTU per ton per day or by 61 to get kcal per metric ton per day.  Data are from Gerhardt et al. (1942), Micke et al. (1965), and Mattheis (1998).

Physiological Disorders: Pitting and bruising are common problems caused by harvest injury as well as rough postharvest handling (Facteau and Rowe, 1979; Thompson et al., 1997).  Fruit pitting is a manifestation of subsurface damage that develops into sunken areas near the fruit surface.  Bruising can occur from excess compression, drops or large impacts during harvest, transport or packing.  Visual symptoms of pits and bruises often do not appear until well after the fruit has been packed, resulting in visible damage appearing in wholesale or retail markets.  Sweet cherries are also prone to shrivel and water loss due to the lack of a well developed cuticle.  Water loss can be minimized by prompt cooling and storage in a high RH environment.  Stem browning is another potential physiological disorder.  Stem browning can be minimized by proper temperature and RH management, however, packing procedures that scrape or injure stems create wounds that will brown.  In addition to proper temperature management, use of chlorine dioxide in hydrocooler water can reduce development of stem browning (Roberts, 1989).  

Postharvest Pathology:  Fungal pathogens including Penicillium expansum (blue mold), Botrytis cinerea (gray mold), Alternaria sp., Monilinia fructiocola (brown rot), Rhizopus stolonifer, Cladosporium sp., and Aspergillus niger are the main causes of sweet cherry decay (Adaskaveg and Ogawa, 1994; Crisosto, 1991; Dugan and Roberts, 1997).  Many of these pathogens infect fruit early in development and are present as quiescent infections at harvest (Dugan and Roberts, 1994).  Fruit can also be infected via rain splits or wounds occurring at harvest or during packing. The use of postharvest sanitation as well as fungicides minimize postharvest decay (Willet et al., 1989).  Low temperature storage, fungicide application and MAP with high CO2 (5 to 20%) all slow pathogen growth (Brash et al., 1992; DeVries-Patterson et al., 1991; English and Gerhardt, 1942; Gerhardt et al., 1942; Gerhardt et al., 1956; Spotts et al., 1998). 

Quarantine Issues:  Fruit exported to Japan must be fumigated with methyl bromide to control codling moth larvae.  Fruit shipped into California must be inspected and certified free from cherry fruit fly infestation.  

Suitability as Fresh-cut Product: No current potential.

Special Considerations:  Sweet cherries must be cooled promptly after harvest and low temperatures maintained throughout packing, storage and transport.  Low temperatures minimize quality loss as well as physiological and pathological disorders.  Maintenance of low temperature is critical when using MAP systems to avoid anaerobic conditions and off-flavor development.  
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Scientific Name and Introduction:  Belgium endive or witloof chicory (Cichorium intybus L) is a biennial herbceous plant belonging to the Asteraceae family.  Besides being a leafy salad vegetable, some chicory cultivars are grown for use as a coffee substitute.  Related vegetables of commercial value include lettuce (Lactuca sativa L., Cichorium tribe), endive and escarole (Cichorium endivia L.), and radicchio (Cichorium intybus L.).  The edible portion of chicory is the young, enlarged, compact and etiolated terminal bud that is composed of young leaves and the partially suppressed, but enlarging floral stem.  In the trade, this product is called a chicon.  The chicon results from the forced growth of an apical bud from the defoliated and vernalized root.  The roots are harvested after a first year of grown in the field, partially defoliated except for the apical bud, and stored until ready for forcing. 

Belgium endive is a popular vegetable in northern European countries and is available year-round because excellent storage capabilities of roots harvested for subsequent forcing permits chicon production throughout the year.  Except for European consumption, the crop is of little interest elsewhere.  In the U.S. it is not well known or appreciated by the general public.  Accordingly, production is minor and supply is augmented by air shipments from Europe.

Quality Characteristics and Criteria: A high quality chicon will be compact with turgid closely overlapping outer leaves having a mother-of-pearl luster or milky white appearance and a tinge light yellow color on leaf margins.  The chicon should feel heavy for its size.  Leaf tips should not curl back, and the base should be well-trimmed perpendicular to the upright axis, without discoloration.  Chicon shapes should be lancelolate, with the length ranging from 2- to 3-times the maximum width.  Development of green leaf color is a quality defect.  Although leaf greening constitutes quality loss for many markets, it appears that U.S. consumers tolerate a slight amount without significant penalty.  Furthermore, a small number of cultivars containing anthocyanin are also produced.  For this type of chicory, reddish-purple coloration of the chicon is normal.

Additional quality criteria requite that chicons should be sound, free of reddish blemish, frost damage, or traces of bruises, disease, insects, parasites or rodent attack.  Quality is also decreased by flower stem development is excess of three fourths of the bud’s length.  The butt end should be flat, well trimmed with a fresh appearance and free of abnormal exterior moisture and odors.

Elevated temperatures during holding and retail presentation are the major contributor to product greening in U.S. markets, even more than that attributed to exposure to light.

Horticultural Maturity Indices:  Depending on temperature, the optimum harvest period for the forced crop is between 20 to 30 days.  Harvest delays result in elongated chicon and loss of compaction.  Chicons are harvested when outer leaves are tightly appressed and density is maximal.  The basal portions of outermost leaves should be well sheathed.  Leaf margins should be thin and smooth.  Timely harvest of chicons generally maximizes potential shelf-life when compared to chicons that are harvested at a late stage of development.  Deterioration is mainly due to marginal leaf drying or browning, which can occur rapidly (Herregods, 1971). 

Grades, Sizes and Packaging:  Grading is largely determined by uniformity of chicon shape, overall appearance, and the ratio of chicon length to size.  The highest quality chicons have a minimum length of about 9 cm (3.5 in), a maximum length of 16 to 17 cm (6.25 to 6.75 in), and a maximum diameter of 6 cm (2.5 in).  The typical ratio of length to width is 2:1 to 3:1.

European quality standards in decreasing order are: Extra, Class I, II, and II irregular.  U.S. grades are Extra, Standard, and Baby.  Extra category chicons are uniformly shaped, meet appropriate size dimensions, have outer leaves that measure at least half of the chicon length, are firm, and do not exhibit greening or a glassy appearance.  Lesser quality involves less uniformity, less favorable appearance, deterioration, and loss of compaction.

Pre-cooling Conditions:  The forcing trays can be moved to a cold room for a day or overnight before snapping, ie., removal of chicons from roots.  However, possible condensation on the chicons when transferred to a warmer packing area would be undesirable.  Additionally, such pre-cooling requires more energy because the roots that will be discarded are cooled along with the chicons.  Hydro-cooling is very effective, but water infiltration into the chicons is difficult to fully remove and wet chicons have a lower market value.  Vacuum cooling is seldom used since it is very expensive and results in a loss of moisture accounting for 2 to 3% of the product’s fresh weight.  Forced-air cooling is occasionally used, but it is not effective in cooling product in film packages.  Conventional room cooling is the most commonly used method.  It is least expensive, but is relatively slow compared to other pre-cooling techniques.

In the US, chicons are packed in pasteboard containers that contain 4.5 kg (10 lb) of product. Perforated plastic film bags are also used for packaging, as are film overwrapped trays.  Perforations account for about 0.5% of the bags surface and are intended to limit condensation since moisture on the chicons is detrimental to maintaining quality.  Bags are opaque or covered with opaque blue or green paraffin paper in order to minimize moisture loss and to exclude light.

Optimum Storage Conditions:  The recommended conditions for commercial storage of chicons are 0 °C (32 °F) with 95 to 100% RH and light excluded (Hardenburg et al., 1986).  At 2 ºC (35.6 °F), favorable storage for 2 to 4 weeks can be expected before significant deterioration.  At 5 ºC (41 °F), the period is reduced to 1 to 2 weeks, and to 1 week or less at 15 ºC (59 °F).  Temperature has a greater influence on greening than does light.  At 0 °C (32 °F) there is little or no greening, even in the presence of light, but as the temperature rises, the incidence of greening increases.

Controlled Atmosphere (CA) Considerations:  Storage-life in air can almost be doubled by storage in 3 to 4% O2 + 4 to 5% CO2 at 0 °C (32 °F).  CA storage delays greening of leaf tips in light and leaf spreading.

Retail Outlet Display Considerations:  Maintain cold conditions to maximize storage and shelf-life, minimize dehydration, but do not sprinkle or otherwise wet the product.  Retailers should not hold packaged chicory in wet storage areas; rather they should receive conditions similar to those given mushrooms.
Chilling Sensitivity: Chicory is not chilling sensitive, but freezing at -0.5 °C (31.1 °F) must be avoided.

Ethylene Production and Sensitivity:  Ethylene production is very low, but exposure to ethylene can result in damage such as russet spotting.
Respiration Rates:
Temperature
mg CO2 kg-1 h-1
0 °C
2 to 3

5 °C
5 to 6

10 °C
12 to 14 

15 °C
20 to 22

20 °C
35 to 38

To get mL kg-1 h-1, divide the mg kg-1 h-1 rate by 2.0 at 0 °C (32 °F), 1.9 at 10 °C (50 °F), and 1.8 at 20 °C (68 °F).  To calculate heat production, multiply mg kg-1 h-1 by 220 to get BTU per ton per day or by 61 to get kcal per metric ton per day.  Data from Saltveit (2002, unpublished)

Physiological Disorders:  These include: brown or hollow core, blackheart, foliage pinking, red discoloration of tissue that has been bruised or cut.  A similar reddish-orange coloration occurs when leaves split or are torn.  Additional disorders include russet spotting, the formation of light hair-like growth on leaves and leaf greening.  Other causes of chicon deterioration are continued growth of the stem, resulting in leaf spreading and opening; leaf greening, loss of turgor and wilting that results in a loss of weight, grade and quality; the appearance of bruises at the base and/or on the leaves that become more apparent at retail.  Chicons showing any signs of cuts, drying, burses, or torn tissue should be excluded from sale.

Postharvest Pathology:  The most common decays are Erwinia carotovora, Botrytis cinerea and other pathogens such as Phytophthora cryptogea, Sclerotinia sclerotiorum, Phoma exigua, and several Pseudomonas spp.  Infection of the chicons in the forcing facilities is most often due to the disease organism being introduced on the roots.  

Quarantine Issues:  None.

Suitability as Fresh-cut Product:  Potential is low, but loose leaves are occasionally marketed in some pre-packaged salad mixes.  The marketing of detached leaves is occasionally done to recover some value from fresh market product that is damaged or otherwise would be wasted.

Special Considerations:  Chicons must be handled with care to avoid mechanical damage to minimize discoloration and pathological problems.  Temperatures must be kept low and light excluded to prevent greening.  High RH is necessary to prevent loss of turgor and wilting.
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Scientific Name and Introduction: Brassica rapa L. (B. campestris L.) subsp. pekinensis (Lour.) Hanelt, Chinese cabbage, is an annual of the Brassicaceae (Cruciferae) family (Munro and Small, 1997).  The edible portion includes the leaf blades and stalks.  Chinese cabbage can be divided into various head shapes, the two most common being the Nappa-type, which is short and broad, and the celery cabbage-type (Michili-type), which is long and tapered (Wang and Cerkauskas, 1999).  Chinese cabbage is grown in small acreages in most major temperate vegetable growing areas and is available year-round in most markets.

Quality Characteristics and Criteria: Chinese cabbage should have uniform, tightly-formed heads with yellow-green, crinkly leaf blades.  Head shape and leaf characteristics can vary, depending on the cultivar.  There should be no evidence of leaf wilting or discoloration.

Horticultural Maturity Indices: Determination of maturity in species of Brassica is not simple and no single index of maturity is reliable (Ludford and Isenberg, 1987).  Harvesting consists of cutting the whole plant at the soil surface when the heads are firm and the outer leaves are bright green (Munro and Small, 1997).  With some cultivars, the outer leaves may be tied a few weeks before harvest to promote a tighter, upright head.  Ludford and Isenberg (1987) cite reports that Chinese cabbage store better when heads are more compact at harvest.

Grades, Sizes and Packaging: There are no published U.S. Standards for grades of Chinese cabbage.  Chinese cabbage, which can range in size from 1 to 4.5 kg (2.2 to 9.9 lb) (Watanabe, 1981), is shipped in wax-coated corrugated cardboard cartons and wire-bound crates of various sizes, depending on the shipper (http://www.ams.usda.gov/mnreports).

Pre-cooling Conditions: Any damaged leaves should be removed, the heads packed into shipping containers and quickly cooled (vacuum- or hydro-vac cooling, forced-air cooling, or hydro-cooling) to reduce senescence (Kasmire and Cantwell, 1992).

Optimum Storage Conditions: Chinese cabbage can be held in storage for 3 to 6 mo (Apeland, 1985; Kader, 1992b), depending primarily on cultivar (Fritz and Weichmann, 1980). The storage temperature should be as close as possible to 0 ºC (32 ºF) without freezing (Kasmire and Cantwell, 1992).  Decay and trimming loss is reduced by storage at a RH of 98 to 100% (van den Berg, 1987). Water loss during storage can be reduced and storage-life extended if heads are stored in perforated polyethylene bags (Sozzi et al., 1981).  Storage-life is extended by growing Chinese cabbage during cooler growing seasons and placing the heads upside down during storage (Jin-Cheol Jeong, personal communication).
Controlled Atmosphere (CA) Considerations:  Recommended CA is 1 to 2% O2 + 0 to 5% CO2 (Saltveit, 1989).  Elevated levels of CO2 can increase decay and offensive odors.  The harmful CO2 concentration may be as low as 2% (Kader, 1992b) or higher, eg., > 7.5% continuously, or > 30 to 40% for 5 to 10 days (Herner, 1987).  Results are variable, but 1 to 2% O2 with CO2 of 2 to 6% is very effective at extending storage-life of Chinese cabbage (Adamicki, 1997).  Specific CA recommendations depend on cultivar, temperature and storage duration.  CA storage retains green color, ascorbate and sugar content in leaves and decreases decay development (Ludford and Isenberg, 1987; Wang, 1985).

Retail Outlet Display Considerations: Chinese cabbage is displayed as individual heads with the outer leaves removed, frequently with a band around the equator to maintain a compressed head shape.  Heads should be kept as cool as possible and sprinkled with water to minimize moisture loss.  Exposure to ethylene should be minimized. 

Chilling Sensitivity: Chinese cabbage storability may depend, in part, on cultivar differences in chilling sensitivity.  Apeland (1985) reports that Chinese cabbage develops a physiological disorder (brown midrib) after prolonged storage at 0 °C (32 °F).  The critical temperature for this chilling-related disorder was 1.5 to 3.0 °C (34.7 to 37.4 °F) in the three cultivars studied.  A 50% loss of product may occur after about 150 degree-days below the cultivar-specific critical temperature.

Ethylene Production and Sensitivity:  Chinese cabbage has a very low ethylene production rate of < 0.1 μL kg-1 h-1 at 20 °C (68 °F) (Kader, 1992a).  The mean ethylene level inside cartons of Chinese cabbage in wholesale markets is 1.09 μL L-1 (Wills, 1998).  Ethylene initiates senescence at concentrations much lower than 0.1 μL L-1, and there is no benign level of ethylene in air-stored Chinese cabbage.  Wang (1985) showed that the effects of ethylene, such as leaf abscission, can be minimized by storage in a 1% O2 CA. 

Respiration Rates:
Temperature
mg CO2 kg-1 h-1
0 °C
6 to 14
5 °C
8 to 16

10 °C
16 to 20

15 °C
20 to 32

20 °C
28 to 50

To get mL kg-1 h-1, divide the mg kg-1 h-1 rate by 2.0 at 0 °C (32 °F), 1.9 at 10 °C (50 °F), and 1.8 at 20 °C (68 °F).  To calculate heat production, multiply mg kg-1 h-1 by 220 to get BTU per ton per day or by 61 to get kcal per metric ton per day.  Data are from Apeland (1985) and Cantwell and Suslow (2001).

Physiological Disorders:  Brown midrib, a physiological disorder causing significant storage losses, is a symptom of chilling injury (Apeland, 1985).  Elevated levels of CO2 can increase decay and the occurrence of offensive odors (Herner, 1987).

Postharvest Pathology:  Geeson (1983) reported on occurrence of leaf spots caused by Alternaria spp., bacterial soft rot (Erwinia carotovora) and black discoloration of leaf veins, maybe due to Xanthomonas campestris.

Quarantine Issues: None.

Suitability as Fresh-cut Product: Chinese cabbage is suitable as a fresh-cut product packaged in air or modified atmosphere packaging (MAP).  Gorny (1997) rates MAP treatment as moderately effective in extending the storage-life of shredded Chinese cabbage and provides respiration rates at different temperatures, atmospheres and varying amounts of shredding (see below).  More recently, Kleiber and Kim (1998) state that MAP is not essential for shredded Chinese cabbage held at 0 or 5 °C (32 or 41 °F) as there is only a transient increase in ethylene production and respiration which peaks after 6 to 12 and 0 to 3 h, respectively.  The shelf-life limiting factors are browning on cut surfaces and leaf surfaces, as well as appearance of black speck (gomasho).  If 1% citrate is used as a dip, a commercially acceptable shelf-life of 21 days at 0 °C (32 °F) or 14 days at 5 °C (41 °F) can be achieved without MA.

Temperature
Atmosphere
Degree of shredding
mg CO2 kg-1 h-1
2 °C
air
½ head
10



rough cut (0.5 x 3 cm)
18



fine cut (0.25 - 1.5 cm)
24

5 °C
air
½ head
16



rough cut (0.5 x 3 cm)
32



fine cut (0.25 - 1.5 cm)
40

5 °C
5 % O2
½ head
10


+ 5 % CO2
rough cut (0.5 x 3 cm)
22



fine cut (0.25 - 1.5 cm)
28

10 °C
air
½ head
18



rough cut (0.5 x 3 cm)
50



fine cut (0.25 - 1.5 cm)
60

23 °C
air
½ head
34 to 40



rough cut (0.5 x 3 cm)
100 to 110



fine cut (0.25 - 1.5 cm)
130 to 140

Special Considerations: None
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Scientific Name and Introduction:  Coconut (Cocos nucifera L.) is marketed at two stages of development.  At an immature stage, the fruit (water coconut) contains mainly water and a little jelly-like meat instead of the hard white flesh (meat - endosperm) found in mature coconuts.  In Thailand, and now marketed in the US, immature green nuts are trimmed and shaped, removing most of the husk.  The final product has a flat bottom, round body with a pyramid top and the eyes showing.  To prevent browning of the remaining husk, nuts are dipped in 1 to 3% sodium meta-bisulfite for 2 to 5 min and then wrapped in plastic film (Tongdee et al., 1991).  Sometimes fungicide is included in the sulfite solution.  Alternatively, the husk is removed before dipping in sulfite solution. Fruit are available year-round from most tropical countries (Seelig, 1970).

Quality Characteristics and Criteria:  Maturity, size, freedom from blemishes, cracking, freedom from fiber of husked coconuts, and wet or moldy eyes are major quality characteristics. Check for a sloshing sound for presence of coconut water in the nut.  Coconut milk is obtained by removing and grating the hard white flesh and squeezing out the milky juice.  Immature, de-husked coconuts are about 10 cm (4 in) in diameter, weigh about 500 g (1.1 lb), have 100 g (3.5 oz) endosperm, 120 g (4.2 oz) shell and 250 g (8.8 oz) water.

Horticultural Maturity Indices:  Young coconuts are harvested 6 to 9 mo after flowering, as the nut approaches full size and the skin is still green (Consignado et al., 1976; Srivichai, 1997) and the short stem (rachillae) on the top of individual coconuts that originally held the male flowers (in Thai  called ‘rat-tail’) becomes half green and brown.  In immature nuts, the skin surface around the calyx (cap) on the top of coconuts is creamy-white or a whitish-yellow.  When the area surrounding the cap is green the coconut is regarded as mature and is 10 to 12 mo old.  At maturity the skin begins to change from green to yellow then brown and the ‘rat-tail’ is entirely brown.

Grades, Sizes and Packaging:  No specific grades, informal grades usually based on size and weight.  Mature US de-husked coconuts are sold in 34 to 36 kg (75 to 80 lb) woven plastic or burlap sacks containing 40 to 50 coconuts, plastic mesh bags of 12 coconuts or cartons with 20 to 25 film wrapped coconuts, 17 to 18 kg (37 to 40 lbs).  Immature coconuts (water coconut) After the husked immature coconuts are shaped, dipped in bisulphate, and film wrapped, they are sold in single piece cartons containing 10 to 16 nuts.  For young coconuts, the entire husk is removed and they are then dipped in sodium bisulfite before packing.

Pre-cooling Conditions: Room-cooling is generally used for mature husked nuts.  Forced-air and hydro-cooling are acceptable. A rapid temperature change of  8 ºC (14.4 °F) can cause cracking.
Optimum Storage Conditions:  Mature coconuts with husk can be kept at ambient conditions for 3 to 5 mo before the liquid endosperm has evaporated, the shell has cracked because of desiccation or sprouting has occurred.  Storage at 0 to 1.5 ºC (32 to 35 ºF) and 75 to 85% RH is possible for up to 60 days for mature, dehusked coconuts (Maliyar and Marar, 1963) and 13 to 16 ºC (55 to 60 ºF) and 80 to 85% RH for 2 weeks or less.  Low RH and high temperature should be avoided.

Young coconuts are normally held at 3 to 6 ºC (37 to 43 ºF) with 90 to 95% RH, while wrapped shaped fruit can be held for 3 to 4 weeks.  Shaped young coconuts treated with 0.5 to 1.0% sodium meta-bisulfite, can be held at ambient temperature for 2 days before browning occurred, while those treated with 2% sodium meta-bisulfite can be held at ambient temperature for 2 to 7 days (Tongdee et al., 1992).  Young coconuts that have not been dehusked can be stored for a longer period than de-husked or shaped young coconut. In de-husked or shaped coconut, SSC declines and TA increases more rapidly than in non-dehusked coconut, subsequently the taste of dehusked or shaped coconuts sours earlier than non-dehusked during storage (Somboonsup, 1985). The husk acts as insulator and may increase the storage-life of young coconuts.

Controlled Atmospheres (CA) Consideration:  No data are available on CA storage.  Mature dehusked coconuts are waxed or film-wrapped to reduce water loss.  Immature husked nuts can also be film-wrapped or waxed, however the outside color changes rapidly from white to brown unless dipped into sodium bisulfite (Tongdee et al., 1992).

Retail Outlet Display Considerations:  Display at ambient temperature and do not mist.  Non-wrapped or individually-wrapped shaped coconuts are displayed at ambient temperature or 10 °C (50 °F). Sometimes, 5 to 10 shaped coconuts are placed in perforated polyethylene bags and sold in Thai retail markets.

Chilling Sensitivity:  When stored at 0 °C (32 °F), immature nuts have green skins that turn brown after 7 days; few other changes occur in other quality characteristics at this temperature (Consignado et al., 1976).
Ethylene Production and Sensitivity: Very low to near zero for mature husked coconut.  There are no reports of sensitivity to ethylene.

Respiration Rates:  Mature husked coconuts respire at 45 to 55 mg CO2 kg-1 h-1 at 25 °C (77 °F).
This is equivalent to about 26 to 32 µL CO2 kg-1 h-1.  To calculate heat production, multiply mg CO2 kg-1 h-1 by 220 to get BTU per ton per day or by 61 to get kcal per metric ton per day.

Physiological Disorders:  Mechanical damage to immature coconut will cause the white coir to turn brown and can cause nut cracking.  Younger nuts have a lower rupture force than mature nuts (Tongdee, 1991).  A rapid temperature change of 8°C (15 °F) during storage of mature husked coconut can lead to cracking (Burton,1982), while freezing occurs at -3 °C (26.6 °F).  Moisture loss causes a loss of water in the nut that can be reduced by RH control, film wrapping or waxing mature nuts.
Postharvest Pathology: Superficial mold growth does occur on wet coconuts.

Quarantine Issues:  None, if mature, free of surface insects and soil, and the husk is dry.  Some restrictions exist on the importation into certain tropical and subtropical areas from countries having diseases that may impact local palms.

Suitability as Fresh-cut Product:  Meat from both immature (jelly-like) and mature (hard) is sold in trays with over-wrap or plastic bags for use in deserts.  Immature coconut jelly-like meat and coconut water have to be held at 3 to 5 °C (37 to 41 °F) to avoid spoilage. Small plastic bags with the jelly like meat and water are frequently seen held on ice in South-East Asian Markets and at road-side stalls. For mature coconuts, non-shredded and shredded meat is packed in plastic bags for cooking and deserts.

Special Considerations:  None.
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Scientific Name and Introduction: Vaccinium macrocarpon Ait., the American cranberry, is a perennial, woody, creeping, evergreen species in the Vacciniaceae (Blueberry) family (Dana, 1990).  It is native to acid bogs from Newfoundland south to North Carolina and west to Minnesota.  It is popular for its tart-flavored red fruit.  Canada and the U.S. produce almost 98% of the world’s commercial crop of cranberries (http://aceis.agr.ca/misb/hort/cran.html).  Between 92 and 95% is processed; the remainder is sold fresh during the autumn and early Winter.  The major U.S. production States in order of production, are Wisconsin, Massachusetts, New Jersey, Oregon and Washington. (http://www.usda.gov/nass/pubs/agstats.htm).

Quality Characteristics and Criteria: Fruit red color intensity, glossiness, uniformity and freedom from defects are the major quality characteristics for fresh and frozen cranberries (Spayd et al., 1990).

Horticultural Maturity Indices: Since the amount of red color (anthocyanin content) in the fruit is the major factor determining cranberry crop value, harvesting is timed to achieve the maximum red color without allowing the fruit to become too over-mature (Eck, 1990).  Over-maturity results in physiological breakdown (see section on “Physiological Disorders”).
Grades, Sizes and Packaging: There is only one grade standard for fresh cranberries, U.S. No. 1. It has a specified tolerance for: color, not less than 75% of the fruit surface pink or red; size, minimum diameter of 10.3 mm (13/32 in); no soft or decayed fruit and freedom from other defects. Fresh cranberries are commonly packed in cartons containing twenty-four 12 oz polybags or in cartons of 20, 25 or 30 lb (9.0, 11.4, or 13.2 kg; http://www.ams.usda.gov/standards/frutmrkt.htm). Occasionally, nine 2 lb (0.9 kg) and four 5 lb (2.3 kg) polybag cartons are used for some retail customers, and wood totes may be used for sale of bulk cranberries. 

Pre-cooling Conditions: The storage length can be increased if the fruit are immediately cooled after harvest and packaged just before shipment (Kaufman et al., 1958; Ringel et al, 1959).  If cranberries are not at the desired temperature, they can be forced-air cooled (Kasmire and Thompson, 1992; Spayd et al., 1990).

Optimum Storage Conditions: The minimum recommended storage temperature is 2 °C (35.6 °F).  The maximum recommended temperature is 4 to 5 °C (39.2 to 41.0 °F) (Hardenburg et al., 1986; Kader, 1997; Lidster et al., 1988; Spayd et al., 1990), although there is one recommendation of 7 (C (44.6 °F) (Kasmire and Thompson, 1992).  The recommended RH is 90 to 95% (Hardenburg et al., 1986; Kader, 1997; Spayd et al., 1990).  Some researchers have recommended lower RH in the belief that it may reduce fungal decay, eg., 65 to 70% (Stark et al., 1974); 70 to 75% (Wright et al., 1937); and 80 to 90% (Lidster et al., 1988).  Red color can be increased after harvest by holding fruit, especially early harvested fruit, at 7 to 10 (C (44.6 to 50.0 °F) for a few weeks rather than at the lower recommended temperatures (Levine et al., 1941).  The expected storage-life is 2 to 4 mo.

Controlled Atmosphere (CA) Considerations: There is no known commercial use of CA in cranberry storage.  Some research suggests CA containing various combinations of O2 and CO2 does not extend cranberry storage-life, compared with ambient air (Anderson et al., 1963; Stark et al., 1969).  Conversely, Kader (1992, 1997) suggested a CA condition of 1 to 2% O2 + 0 to 5% CO2 is beneficial. The maximum CO2 tolerance may be > 5%, as Stark et al. (1969) used 10% CO2 without detrimental effects.  In a 2-mo test at 3 (C (37.4 °F) with 98% RH using ten CA combinations of 2, 21 and 70% O2 + 0, 15, and 30% CO2, as well as 100% N2, Gunes and Watkins (2001) concluded that 21% O2 + 30% CO2 was optimal. Cranberries can be held in an anaerobic condition (100% N2) for up to 14 mo at 3.3 (C (38 °F) in low RH (Stark et al., 1974).  Such fruit have little decay but a high amount of physiological breakdown, rendering them unacceptable for fresh or juice use but still very acceptable as cranberry sauce.

Retail Outlet Display Considerations: Water sprinkling or top icing are not recommended.

Chilling Sensitivity: Cranberry is considered to be a chilling sensitive fruit ( Kader, 1992; Levine et al., 1941; Wright et al., 1937).  Storage at temperatures near 0 (C for more than about 4 weeks may result in low-temperature breakdown (Lidster et al., 1988).  Chilling injury symptoms include dull appearance, rubbery texture and increased decay (Mitcham et al., 1999).  If fruit are held at 0 (C, intermittent warming to 21 (C (69.8 °F) for 1 day a month can reduce chilling injury (Hruschka, 1970).

Ethylene Production and Sensitivity: Cranberry has a low ethylene production rate of 0.1 to 1.0 μL kg-1 h-1 at 5 (C (41 °F) (Kader, 1992; Mitcham et al., 1999).  Postharvest treatment of fruit with as little as 10 μL L-1 markedly increases anthocyanin content, which is enhanced further if the fruit are treated in the presence of light (Craker, 1971; Fudge, 1930).  Eck (1990) and Reid (1992) indicate the use of ethephon, a source of ethylene approved in some U.S. states, accelerates cranberry maturity and/or red color development. More recently, a 1995 U.S. Environmental Protection Agency “Reregistration Eligibility Decision (RED) on Ethephon” indicates that cranberries have been deleted from ethephon product labels (http://www.epa.gov/oppsrrd1/reds/0382.pdf).

Respiration Rates:  Cranberries have a low respiration rate, compared with other berry crops which have a moderate to high rate (Kader, 1992).

Temperature
mg CO2 kg-1 h-1
0 (C
4

4 to 5 (C
4 to 6

10 (C
8

15 to 16 (C
-

20 to 21 (C
12 to 20

To get mL kg-1 h-1, divide the mg kg-1 h-1 rate by 2.0 at 0 °C (32 °F), 1.9 at 10 °C (50 °F), and 1.8 at 20 °C (68 °F).  To calculate heat production, multiply mg kg-1 h-1 by 220 to get BTU per ton per day or by 61 to get kcal per metric ton per day.  Data are from Hardenburg et al. (1986) and Mitcham et al. (1999).

Physiological Disorders: Physiological breakdown of cranberry is manifested by a soft and/or rubbery condition, dull external appearance, and diffusion of red anthocyanin pigment throughout internal tissues (Ceponis and Stretch, 1981).  No fungal organisms are associated with this condition.  It is correlated with one or more of the following: impact bruising; late-harvested, more intensely colored fruit; immersion of free berries for 8 h or more in a flooded bog or similar smothering effects where cranberries are held in poorly ventilated conditions (Ceponis and Stretch, 1981; Graham et al., 1967; Massey et al., 1981; Patterson et al., 1967).  Chilling injury can have the same symptoms.

Postharvest Pathology: Postharvest cranberry diseases are almost entirely caused by fungi, with the exception of Ringspot, which is thought to be a virus-induced disease (Caruso and Ramsdell, 1995; Prange and DeEll, 1997). Cranberry is not only attacked by several common postharvest fungi but also by a large number of fungi that are unknown on other fruit crops (Caruso and Ramsdell, 1995; Prange and DeEll, 1997).  The principal storage rots, which can be found in all the major cranberry-growing area, are end rot, black rot, viscid rot, yellow rot and Botryosphaeria fruit rot (Eck, 1990; Prange and DeEll, 1997).  Since the occurrence of these fungi can vary with location and season and some are not easily identified visually, confirmation of the causal organism(s) usually requires extensive culturing and spore examination.  Decay may be reduced if the storage O2 is < 1%, since there is no decay control at 1% (Anderson et al., 1963), but 100% N2 for 3 weeks at 3.3 (C (38 °F) reduces the number of pathogenic species and decay, compared with air-stored fruit (Lockhart et al., 1971).

Quarantine Issues: There are no current restrictions for shipments within Canada and the U.S.   There has been little, if any, international trade in fresh cranberries between other countries.  Such future trade may be subjected to quarantine restrictions, depending on the countries involved.

Suitability as Fresh-cut Product:  No current potential.

Special Considerations: Cranberries can be stored fresh for 2 to 4 mo, depending on season, cultivar, maturity, handling and storage conditions (Hardenburg et al., 1986).  The storage-life of cranberries is limited by the development of decay, shrinkage resulting from moisture loss, and physiological breakdown (Lidster et al., 1988).  Early harvested fruit usually have a longer storage potential than late-harvested fruit (Doughty et al., 1967).  Physical damage, which can occur during mechanical or rough hand-harvesting, transport, or mechanical cleaning, sorting and packing, increases physiological breakdown, postharvest softening and decay and reduces storage-life (Graham et al., 1967; Massey et al., 1981; Patterson et al., 1967).  There is more fungal decay and physiological breakdown in water-harvested than hand-harvested cranberries, especially if cranberries are kept in the water more than 1 h after detachment from the plant (Mitcham et al., 1999; Blake Johnson, personal communication).
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Cucumber
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Scientific Name and Introduction:  Cucumber (Cucumis sativus L) fruit are borne on indeterminate, tendril-bearing vines of subtropical and tropical origin (Robinson and Decker-Walters, 1997).  They are members of the Cucurbitaceae family along with melons, squashes, and many other horticulturally important species.  The inferior ovary has three united carpels in most cultivars.  Compact, determinate cultivars have been developed for home gardeners and for mechanical, once-over mechanical harvesting (Miller and Wehner, 1989).

Quality Characteristics and Criteria:  Fruit are round to oblong or narrowly cylindrical, with small tubercles (warts) and spines of trichome origin on the rind (Miller and Wehner, 1989).  Dark green and firm slicing cucumbers should not be pitted or have wrinkled (ie., pinched) ends. Spine color is associated with mature fruit color and fruit netting.  Fruit of white-spined cultivars are light green to yellow when mature and not netted.  Black-spined fruit are orange or brown when mature and may be netted.  The flesh is crisp and white, except in a few cultivars where it is pale orange.
Horticultural Maturity Indices:  Fruit are harvested at various stages of development.  Immature fruit are green at the edible stage, except in a few cultivars where they are white or yellow.  Fruit are generally harvested immature, at sizes ranging from a 5 cm long to near full size but before the seeds are fully enlarged and hardened.  Firmness and external glossiness, and formation of jelly-like material around the seeds are indicators of proper harvest maturity.  Greenhouse grown parthenocarpic fruit are harvested 10 to 14 days after anthesis when they bright green (Kanellis et al., 1988).  Straight, uniformly cylindrical fruit slightly tapered at both ends are of highest quality.  Cucumbers are listed as non-climacteric, yet there is a burst of ethylene production that precedes a rapid loss of chlorophyll in mature fruit (Saltveit and McFeeters, 1980).

Grades, Sizes and Packaging:  Grades for table or slicing cucumbers include U.S. Fancy, Extra 1, No. 1, No. 1 small, No. 1 Large and No. 2.  These grades are based on uniform shape, firmness and dark green skin.  Additional quality indices include size, freedom from growth or handling defects, freedom from decay, and lack of yellowing.  Most fresh-market cucumbers are packed in fiberboard boxes.  Pickling cucumbers are usually transported from the field to the brining facility in large field bins.

Pre-cooling Conditions:  The chilling sensitivity of cucumber fruit does not preclude their pre-cooling with cold water (hydro-cooling) or air (forced-air) (Ryall and Lipton, 1979).  However, even though the fruit can tolerate brief exposures to chilling temperatures, they should not be maintained at chilling temperatures for more than 6 h.
Optimum Storage Conditions:  Recommended conditions for commercial storage of cucumbers are 10 to 12.5 ºC (50 to 54.5 °F) at 95% RH (Hardenburg et al., 1986).  Storage-life is generally < 14 days, with visual and sensory quality rapidly declining thereafter.  Chilling sensitivity limits storage temperatures to a narrow range.  Storage below 10 °C (50 °F) results in chilling injury in as little as 2 to 3 days, while storage at 15 °C (59 °F) results in rapid yellowing and loss of quality.
Controlled Atmosphere (CA) Considerations:  Little benefit is realized from the CA storage of cucumber fruit (Leshuk and Saltveit, 1990, Saltveit, 1997).  O2 levels of 3 to 5% delay yellowing and decay for a few days (Wang and Qi, 1997).  Cucumbers tolerate CO2 up to 10%, but the benefits are not more than realized by reduced O2.  Parthenocarpic fruit can be stored for 1 to 3 weeks in 0.5 to 2% O2 at 12.5 °C (54.5 °F) (Kanellis et al., 1988).

Retail Outlet Display Considerations:  Chilling temperatures should be avoided.  Periodic sprays of water or packaging the fruit in ventilated films can minimize water loss.  High RH retards softening and pitting (a symptom of chilling injury). 
Chilling Sensitivity:  Cucumbers are chilling sensitive and most fruit will be injured if stored below 10 °C (50 °F) for more than 2 to 3 days.  Sensitivity varies greatly with duration of exposure, temperature, cultivar, growing conditions and storage environment (Cabrera et al., 1992).  CA during chilling and high RH after chilling can reduce symptom expression.  Intermittent warming for 12 h to non-chilling temperatures every 2 to 3 days can reduce chilling injury (Cabrera and Saltveit, 1990).  Fruit could be held at 1 to 2 °C for several days if they were immediately used following removal from storage, eg., for pickling.

Ethylene Production and Sensitivity:  Cucumber fruit produce little ethylene, about 0.1 to 1.0 µL kg-1 h-1 at 20 °C (68 °F), but are very sensitive to it.  Exposure to 1 to 5 µL L-1 ethylene accelerates yellowing and decay.  Reduced O2 and elevated CO2 minimize the response to ethylene exposure.

Respiration Rates:
Temperature
mg CO2 kg-1 h-1
10 °C
23 to 29

15 °C
24 to 33

20 °C
14 to 48

25 °C
19 to 55

To get mL kg-1 h-1, divide the mg kg-1 h-1 rate by 2.0 at 0 °C (32 °F), 1.9 at 10 °C (50 °F), and 1.8 at 20 °C (68 °F).  To calculate heat production, multiply mg kg-1 h-1 by 220 to get BTU per ton per day or by 61 to get kcal per metric ton per day.
Physiological Disorders:  Chilling injury is characterized by surface pitting, increase yellowing and disease susceptibility, and development of water-soaked areas of the flesh.  Bruising and compression injuries are common when careful harvest and handling procedures are not followed. 

Postharvest Pathology:  Diseases are a significant source of postharvest loss, especially in fruit weakened by chilling injury.  The many bacterial and fungal pathogens that are responsible for postharvest losses include Alternaria spp, Didymella Black Rot, Pythium Cottony Leak, and Rhizopus Soft Rot.   

Quarantine Issues: None.

Suitability as Fresh-cut Product:  Sliced cucumbers are available for the commercial food service industry, but not yet on the retail market.

Special Considerations:  Cucumber fruit are usually treated with approved waxes or oils to reduce water loss, reduce abrasion injury and improve appearance.  Surface pitting and yellowing are common defects that follow exposed to chilling temperatures and ethylene.  Harvesting at the proper maturity and storing at temperatures > 10 °C (50 °F) in an ethylene-free atmosphere are necessary for high quality and market-life.

The postharvest conditions for slicing cucumbers generally apply to fruit intended for pickling.  However, damage incurred during the mechanical harvesting of pickling cultivars increases their rate of respiration from 6 to 20%, their rate of water loss, and their disease susceptibility.  Also, since they are commonly shipped in large field bins, prompt pre-cooling is very important to remove field heat and prevent respiratory activity from raising fruit temperature in transit.  Hydro-cooling is effective for pre-cooling, but storage-life is halved because of the spread of inoculum.  Sanitization of water is therefore very important.  Fruit can be held at chilling temperatures for a few days if immediately used after removal from storage.
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Scientific Name and Introduction: Currants and gooseberries are closely related, berry‑bearing deciduous shrubs in the Ribes L. genus of the Saxifragaceae family.  Gooseberries are sometimes placed in a separate genus, Grossularia Mill. 

The most common species are R. sativum Syme (red, white and pink currants), and R. nigrum L. (black currant) (Harmat et al., 1990).  White currant, an albino form of red currant, is of lower acidity, thus suitable for eating fresh (http://www.crfg.org/pubs/ff/currants.html).  Pink currants have a colorless skin and a pink flesh.  Black currant fruit differ from red currant in being more astringent but having a distinct aroma, making it very desirable in processed products.  Gooseberry cultivars are derived from R. uva‑crispa L. (European gooseberry) and R. hirtellum Michx. (American gooseberry) (http://www.crfg.org/pubs/ff/gooseberry.html).  The European gooseberry is much larger than the American gooseberry.  European cultivars are from R. uva‑crispa but American cultivars are virtually all from crosses of R. uva‑crispa and R. hirtellum.  A gooseberry fruit may be green, white (gray‑green), yellow, or shades of red from pink to purple to almost black.  Skin color is most intense on fruit in full sunlight.  The four countries producing both the most currants and gooseberries are Germany, Czech Republic, Poland and the Russian Federation (http://apps.fao.org/lim500/agri_db.pl).  North American production of currant and gooseberry has been hampered by adaptation and disease problems (Harmat et al., 1990).  Currant and gooseberry are available fresh from mid-May to August or longer, if stored properly.  Virtually all commercial production is put into processed products with only a small proportion consumed fresh.

In addition, brownish‑purple fruit from a native western U.S. species, R. aureum Pursh (Buffalo currant, Albol currant, Golden currant), or from a hybrid of R. nigrum and R. hirtellum (Jostaberry), may be available in some local markets  (http://www.crfg.org/pubs/ff/currants.html; http://www.agric.gov.ab.ca/agdex/200/3602001.html).

Sambucus canadensis L., elderberry, is a moderately tall deciduous shrub in the Caprifoliaceae family that is native to North America.  The ease in harvesting the purplish‑black fruit from wild plants may account, in part, for the lack of commercial plantings.  Most of the fruit is processed since the uncooked berries are astringent and not very edible (Way, 1981).  Selection and breeding, primarily in New York and Nova Scotia, has resulted in a number of cultivars (Craig, 1978; Stang, 1990; Way, 1981) and small‑scale production has been reported in New York, Ohio and Oregon (Way, 1981). 

Quality Characteristics and Criteria: Currant and elderberry fruit are produced on the plant in clusters, and gooseberry fruit are borne singly or in pairs.  Ideally, fruit throughout each cluster should be firm, bright, with the proper cultivar‑specific color, and free of decay or mechanical or insect injury.  For the fresh market, it is also important to have large and uniform fruit throughout the cluster.  A long shelf‑life with retention of both firmness and flavor is also desirable for the fresh fruit market.
Horticultural Maturity Indices: Currants and gooseberries are harvested from mid-May through August.  Red currants are usually harvested before the color changes from a bright red to a dull red color (Audette and Lareau, 1996; Spayd et al., 1990)  Soluble solids  are usually about 9.5 to 14% and acidity is around 2%.  Generally, entire clusters of red currant are harvested as modern cultivars have uniform ripening of all berries on a cluster.  Black currants, which at maturity have an opaque, very dark blue color with a soluble solids content of 15 to 26%, do not mature evenly in the cluster; the larger ones at the base of each cluster mature first (Audette and Lareau, 1996; http://www.crfg.org/pubs/ff/currants.html).  The entire cluster can be harvested or only mature berries can be picked over several harvests.  At maturity, gooseberry cultivars may be green, white, yellow or various shades of red (pink to purple to almost black).  Since both immature (green) and ripe gooseberries are used, harvest maturity depends entirely on end use (Ryall and Pentzer, 1982).  Green gooseberries are very firm and tart, whereas some cultivars, when fully mature and soft, are quite sweet.  Elderberries are harvested in late August and September when the fruit are sufficiently large and the fruit has changed to an acceptable purplish‑black color.  The fruit do not mature at the same time, so several pickings are necessary over a 1 to 2 week period (Craig, 1978; Way, 1981).  Harvesting occurs in late August and September, depending on climate and cultivar.  Postharvest decay of currant, gooseberry and elderberry can be minimized by avoiding picking wet or over-ripe fruit.

Grades, Sizes and Packaging:  There are no U.S. fresh fruit standards for these fruits.  There is a U.S. grade standard for processing currants, based on color, attachment of stem and freedom from decay or insect or mechanical damage.  Processors, who use most of the commercial production, may have their own standards.  Since fresh market volumes are not large, container sizes and packaging for the fresh market tend to be those used for similar, but more common, berries, eg., raspberries.

Pre‑cooling Conditions:  Currant, gooseberry and elderberry fruit are relatively perishable fruit. Quick cooling after harvest to recommended storage temperature is desirable, using forced‑air cooling with a RH of 95% (Batzer and Helm, 1999; Kasmire and Thompson, 1992).

Optimum Storage Conditions: Since currant, gooseberry and elderberry are not chilling sensitive (see below), the recommended storage temperature and RH for all three is ‑ 0.5 to 0 °C (31.1 to 32 °F) with high RH of 95% (Hardenburg et al., 1986; Story and Simons, 1989).  Batzer and Helm (1999) recommended slightly warmer temperatures of  0 to 1 °C (32 to 34 °C) for red currant and gooseberry and 0 to 2 °C (32 to 36 °F) for black currant, perhaps to avoid accidental freezing.  With proper cooling, the storage duration can be 1.5 , 2.5, and 3 weeks for black currant, red currant and gooseberry, respectively (Batzer and Helm, 1999).

Controlled Atmosphere (CA) Considerations:  As summarized by Batzer and Helm (1999) and Thompson (1998), research indicates red currant and gooseberry respond very well to CA, whereas black currant benefits only slightly.  Storage duration of red currant can be extended to 8 to 14 weeks, depending on cultivar, using 1 °C (33.8 °F), 18 to 20% CO2 + 2% O2.  For gooseberry, storage duration is extended to 6 to 8 weeks, using 1 (C, 10 to 15% CO2 + 1.5% O2.  Increasing the CO2 up to 20% reduces incidence of storage rots (Batzer and Helm, 1999; Thompson, 1998), and lowering the O2 reduces respiration rate (Robinson et al., 1975).  Compared with red currant and gooseberry, black currant does not respond as well to low O2 and its storage can only be extended to 3 weeks, using 0 to 2 (C (32 to 35.6 °F) and 15 to 20% CO2.

There is no known information on the effect of CA on elderberry. 

Retail Outlet Display Considerations: Currant, gooseberry, and elderberry should be kept in a refrigerated display but not sprinkled with water or top-iced.

Chilling Sensitivity:  Currant, gooseberry and elderberry are not chilling sensitive (Kader, 1992).

Ethylene Production and Sensitivity: No data available.

Respiration Rates:

Temperature
Gooseberry
Black currant


(mg CO2 kg-1 h-1)

0 °C
6 to 8
16

4 to 5 °C
8 to 16
28

10(C
12 to 34
42

15 to 16(C
30 to 74
96

20 to 21(C
46 to 116
142
To get mL kg-1 h-1, divide the mg kg-1 h-1 rate by 2.0 at 0 °C (32 °F), 1.9 at 10 °C (50 °F), and 1.8 at 20 °C (68 °F).  To calculate heat production, multiply mg kg-1 h-1 by 220 to get BTU per ton per day or by 61 to get kcal per metric ton per day.  Gooseberry data are from Hardenburg et al., 1986; Robinson et al., 1975; and Smith, 1967.  Black currant data are from Robinson et al., 1975.

Physiological Disorders: CO2 above 20% results in internal breakdown and fruit discoloration in some red currant cultivars after 13 weeks storage (Thompson, 1998).  Low O2 further increases these symptoms.  Smith (1967) showed that green gooseberry fruit held at 0 °C (32 °F) in air were damaged by CO2 if it was increased from 8 to 12%. Fruit turned yellow and had an abnormal flavor.  Increasing the temperature from 0 to 5 °C (32 to 41 °F) eliminated the disorder.

Postharvest Pathology:  The main postharvest disease is Gray mold rot (Botrytis cinerea) which can appear as small brown spots on currant and gooseberry fruit (Dennis, 1983; Harmat et al., 1990; Ryall and Pentzer, 1982).  These enlarge rapidly at temperatures above 10 °C (50 °F) and gradually affect the entire berry with a soft rot.  Currant and gooseberry fruit can be susceptible to American powdery mildew (Sphaerotheca mors-uva) (Audette and Lareau, 1996; Harmat et al., 1990).  Fruit that become contaminated by soil splash after heavy rain are frequently infected by Mucor piriformis (Dennis, 1983).  Dennis (1983) also reports a fruit disease in gooseberry caused by Alternaria and Stemphyllum.  The infection is usually confined to the seeds enclosed in the pericarp. If, however, the fruit is stored for a few days at ambient temperature prior to consumption or processing, the fungus invades the pericarp tissue.  Several insects can attack the fruit: Currant maggot or fruit fly (Epochra canadensis) (North America); Gooseberry fruitworm (Zophodia convolutella) (North America) and Currant moth (Incurvaria capitella) (Europe) (Harmat et al., 1990).  In addition, slugs and snails (Helix aspersa and Cepaea spp.) will attack fruit (North America and Europe) (Harmat et al., 1990).  Diseases and insects are not generally serious on elderberries (Way, 1981), perhaps due to the absence of extensive plantings.  An unidentified mildew can be a problem on ripe fruit, especially if the weather is cool during ripening and there is poor air circulation around the plants (Way, 1981).

Bird feeding on ripe currant, gooseberry and elderberry fruit can be a  serious pest problem (Harmat et al., 1990; Stang, 1990; Way, 1981). In addition to prompt harvesting of ripe fruit, various bird repellent measures may have to be considered.

Quarantine Issues: None

Suitability as Fresh‑cut Product: No current potential

Special Considerations: Ribes species are hosts for the White pine blister rust, which causes few problems for currants or gooseberries but is dangerous to 5‑needle pine species.  Thus, commercial production of Ribes species, especially black currant, may be banned in some U.S. municipalities (http://www.crfg.org/pubs/ff/currants.html).
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Dates
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Scientific Name and Introduction: Phoenix dactylifera L., the date palm, has been a stable food for the population of the Middle East and North Africa for thousands of years.  Date fruit is a drupe with a single seed or pit. The fruit is oblong in shape, 2.5 to 7.5 cm long, thick or thin flesh, astringent when premature and become sweet when ripe, skin of specific color at ripening stage and a hard pit inside grooved down one side. Dates are a high-energy food. Fruit are rich in carbohydrate and other nutrients. 

Quality Characteristics and Criteria: A high quality for fresh dates is attributed to adequate size and color, small pit, thick flesh, free from dirt, sand and leaves particles, birds, insects and rodents damages, fungi and molds infestation, sugar crystals formation and free from any other apparent alterations (Dowson, 1982). The skin of dates should be smooth, with little or no shriveling, golden-brown, amber, green or black color depending on varieties. The texture may be soft and syrupy, or firm or dry texture depending on the cultivar.

Horticultural Maturity Indices: Fruit growth follows a sigmoidal curve, and it is usually divided to five stages of development known by their Arabic terms: “hababouk,” “kimri,” “khalal,” “rutab,” and “tamr.”  Most of the dates are harvested in the “tamr” stage, when the fruit has about 60 to 80% sugar content depending on location and cultivars. At this stage, fruits can be harvested soft, semi-dry or dry depending on destination and use.  Some varieties with low tannins but rich in sugar can be harvested at the “khalal” stage, ie., “balah” in North African countries and ”bisr” in Oman, for other varieties, dates harvested before full maturity must be ripened artificially. Very immature dates may not be properly ripened artificially and consequently will be of poor quality. 

Grades, Sizes and Packaging: Quality grades for dates are based on uniformity of color and size and absence of defects or damages by discoloration of the flesh, rupture of the skin, deformity of the fruit, puffiness of the skin, scars, sunburn, insect damage, decay, black scald, fermentation, improper ripening, mechanical damage, dirt or any other foreign material.  These criteria are the basis for Codex and US Grades A, B, C, standard and substandard applied for whole, pitted or dry dates.  In general the total sugars for different grades are usually the same when expressed as a percentage of dry weight, but the higher grades usually contain higher amount of sugar per date.  ´Medjool´ dates in the USA are classified into three size categories: Jumbo for < 10 dates per lb (0.45 kg),  Mixed for 10 to 15 dates per lb and Conventional for > 15 dates per lb.  Some dates are marketed in 15 lb (6.8 kg) flats of fiberboard or wood, others in 5 or 10 lb (2.3 or 4.5 kg) cartons. Large reinforced cartons are used for packing of dry dates, especially for export.  Consumer packages are widely used and are made of a number of sizes and shapes, including bags of transparent film, or trays over wrapped with films.  Round fiberboard cans with metal tops and bottoms containing 500 to 1000 g (1.1 to 2.2 lb) are also used.  Rigid transparent plastic containers with a capacity of 200 to 300 g (0.44 to 0.66 lb) are commonly used.  Small consumer packages are also used such as bags containing about 50 to 60 g (about 2 oz). 

Optimum Storage Conditions:  Pathological and physiological deterioration increases with increasing moisture content and storage temperature.  Relatively small differences in moisture content may have an important effect on the keeping quality of ‘Deglet Noor’ fruit.  At 24 °C (75.2 °C), ‘Deglet Noor’ dates show darkening of the skin 4-times faster when they have 24% versus 20% moisture content (Rygg, 1975).  At 0 °C (32 °F), dates can be stored in good conditions up to 1 year, but some varieties may develop sugar spots or crystals. Fully mature soft and firm ‘Deglet Noor’ dates can be kept for more than a year when stored at -17.5 °C (0 °F) but will not stand more than 1 mo at 27 °C (80 °F), 3 mo at 15 °C (59 °F) or 8 mo at 5 °C (41 °F) (Rygg, 1956).  Partially dried dates can be held for a year at 0°C (32 °F) or lower, or for a few weeks at ambient temperature. Dry dates can be held at 20 °C (68 °F) for years without significant quality losses.  Optimum RH is 70 to 75%.

Chilling Sensitivity: Ripe dates at “rutab” or “tamr” stages (see “Horticultural Maturity Stages), commonly handled in the world market, are not sensitive to chilling and freezing temperatures. However, freezing temperatures can injure dates at early stages of “kimri” and “khalal.”
Ethylene Production and Sensitivity: At 20 °C (68 °F) dates produce < 0.1 µL kg-1 h-1 ethylene at the “khalal” stage, and none at the “rutab” and “tamr” stages (see “Horticultural Maturity Stages).  Ripe dates are not sensitive to ethylene exposure.

Respiration: Respiration rates of dates is very low, < 5 mg CO2 kg-1 h-1 at 20 °C (68 °F) at the “khalal” stage, and < 2 mg kg-1 h-1 at the “rutab” and “tamr” stages.  It increases as the moisture content of the fruit increases.  Cured ‘Deglet Noor’ dates, with 20 to 22% moisture, produced 0.4 mg CO2 kg-1 h-1 at 24 °C and 2 mg of CO2 kg-1 h-1 when the moisture content increased to 27% (Rygg, 1975). 

Physiological Disorders:  Darkening is a major problem in dates.  It’s rate varies with cultivar, temperature, moisture content, and it is affected by several treatments.  It can be reduced by storage in low temperature, low moisture content, or in an inert gas. Temperatures above 60 °C (140 °F) cause a reddish color and increase the astringincy and off flavors in ‘Deglet Noor.’

Blacknose or sugartip is a severe checking of the skin in some cultivars (especially in ‘Deglet Noor’), it is induced by high RH just before the beginning of the “khalal” stage and is characterized by darkening, shriveling, and hardening of the flesh at the tip of the fruit (Rygg, 1975).   Black scald is characterized by a blackening of the flesh and sunken area with a definite line of demarcation at the tip or on sides of the fruit.

Puffiness or sunken separation is caused by high temperature and/or high RH before the beginning of ripening, and may increase during curing and affects only soft cultivars.

Sugar spotting is characterized by light-colored spots under the skin and is restricted to the invert sugar dates. Almost all dry cultivars, and several of the semi-dry cultivars, contain large amounts of sucrose and are less sensitive to sugar spotting.  Sugar spotting decreases as the temperature decreases and when the moisture falls below 22%.  Sugar spots affect appearance and texture, they can be removed by warming, but can reappear if unfavorable conditions prevail (Rygg, 1975).  Freezing of dates at a higher temperature range results in the rupture of various cellular compartments and the appearance of bright yellow-brown spots of crystallized solutes (Shomer et al., 1998).  Intercellular membranes and cell walls can be kept intact even after 10 mo when fruits are frozen at a lower temperature range. 

Postharvest Pathology: The most common pathological deterioration of dates includes fermentation by yeast (most important) and molding by fungi.  Steam-hydrated dates are more resistant to attack by microorganisms than natural or nonhydrated dates because of the partial sterilization of steam dehydrated fruit.  Fungi include Aspergellus sp., Alternaria sp, Stemphylium botryosum, Cladosporium sp., Macrosporium sp., Citromyces ramosus, Phomopsis diopspyri,  Peniciluim, etc. These fungi may cause significant losses before or just after harvest during rainy or high RH periods and can attack fruits at the “khalal”  (see “Horticultural Maturity Stages) or “rutab” stages (Djerbi, 1996). However, most of these fungi, except Catenularia fuliginia Saito, will not grow on dried dates. 

Insect Pests: Oligonychus afrasiaticus Mc Gregor and O. pratensis Banks are mites known as “Bou Faroua” disease.  They affect dates at the “hababouk” stage (see “Horticultural Maturity Stages) and larva develop around the fruit with a white filament netting which in turn causes fruits to drop prematurely. The same consequences are caused by Coccotrypes daclyliperda, which leads to fruit-drop at the immature green stage. Parlatoria blanchardii scale attacks also the fruit while they are still green.  Date or carob moth Ectomyelois ceratoniae Zeller, is another Lepidotera widely present in different producing areas of dates and causes important postharvest losses on stored dates. Several other insects such as Batrachedra amydraula Meyr, date stone beetle (Coccotrypes dactyliperda F.), Carpophilus hemipterius, Carpophilus multilatus, Urophorus humeralis, and Heptoncus luteolus can cause serious damages for dates on the bunch or after harvest. Other pests include Vespa orientalis, Cadra figulilella and Arenipes sabella and Mushroom mite (Tyrophagus lintaeri Osborn), which can infest stored dates.  

Quarantine Issues: Fumigation by methyl bromide (for now) or phosphine, ionizing radiation, the use of low and/or high temperatures, and MA treatments are registered to be used for insect control in dates.

Special Considerations: Dates may require postharvest ripening if picked early.  Soft and semi-dry cultivars need to be dehydrated to eliminate excess RH if they will not be consumed immediately. Hydration is used to soften the texture of hard-type cultivars.  
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Scientific Name and Introduction:  The dragon fruit (Hylocereus spp.), known as strawberry pear, thang loy (Vietnamese), pitaya roja (Spanish), and la pitahaya rouge (French), grows on a tropical climbing cacti.  There is some confusion as to species being grown as they are all referred to as pitahaya in Spanish. The normally white-fleshed, Hylocereus undatus is grown commercially, as is the red or purple fleshed H. costaricensis (grown in Nicaragua and possibly Guatemala) and H. polyhizus (grown in Israel).  There are yellow clones of H. undatus named pitaya ammarilla (yellow pitaya) in Mexico and other Latin American countries.  Pitaya amarllia is a different species from the other yellow pitaya, Selenicereus megalanthus (Mizrahi et al., 1997).  The dragon fruit is a self-compatible cultivar in Vietnam (Mizrahi et al., 1997; Nerd and Mizrahi, 1997).

Quality Characteristics and Criteria:  The dragon fruit is a large, oblong fruit with a red peel and large green scales.  The scales turn yellow upon ripening.  Skin color begins to change 25 to 30 days from flowering in both H. undatus and H. polyhizus.  At about the same time, flesh firmness approaches a minimum and eating quality approaches a maximum 33 to 37 days after flowering (Nerd et al., 1999).  Fruit can be harvested from 25 to 45 days from flowering; 32 to 35 days was recommended by Nerd et al. (1999).  Fruit size depends on seed number (Weiss et al., 1994).
The flesh of different species can vary from white to various hues of red to very dark red.  As the fruit matures, acidity reaches a peak just as the skin color change occurs, then declines 25 to 30 days after flowering (Nerd et al., 1999; Le et al., 2000a).  At this stage, SSC increases to about 14% (Nerd et al., 1999; Le et al., 2000a).

Horticultural Maturity Indices:  A common index of maturity is skin color change to almost full red (Nerd et al., 1999). Harvesting indices include: color, SSC, TA and days-from-flowering (minimum 32 days).  A SSC:TA of 40 has been suggested as a harvest index.
Grades, Sizes and Packaging:  There are no U.S. or international standards.  Fruit are generally graded by size and color. Size grades suggested for Vietnam are: Extra large fruit  > 500 g (1.1 lb), large 380 to 500 g (0.84 to 1.1 lb), regular 300 to 380 g (0.66 to 0.84 lb), medium 260 to 300 g (0.57 to 0.66 lb), small < 260 g (Le et al., 2000a).   Fruit exported from Israel to Europe are graded by number of fruits: 6, 8, 10, 12, 14, or 16 per 4 kg (8.8 lb) cardboard box.

Pre-cooling Conditions:  There are no reported data.  Room-cooling and hydro-cooling are possible.

Optimum Storage Conditions:  The recommended storage temperature for dragon fruit is 10 °C (50 °F), since 6 °C (42.8 °F) can induce chilling injury (Nerd et al., 1999).  The lower temperature (6 °C) has been recommended for the yellow pitaya Selenicereus megalanthus (Nerd and Mizrahi, 1999), and this agrees with minimum growth temperature of 7 °C ( 44.6 °F) for this species (Nerd and Mizrahi, 1998).  Dragon fruit has a storage-life of about 14 days at 10 °C (50 °F), while at 5 °C (41 °F) and 90% RH a storage-life of 17 days can be achieved (Le et al., 2000a) if harvested 30 to 35 days from flowering.  However, 5 °C (41 °F) may lead to chilling injury upon return to 20 °C (68 °F), indicated by deterioration of peel and flesh, and inferior taste (Nerd et al., 1999).  Hence, 10 °C (50 °F) for a maximum of 14 days may be a better recommended storage temperature.

Controlled Atmospheres (CA) Consideration:  No reported CA data are available.  Fruit harvested 28 to 30 days after flowering and stored in a modified atmosphere (MA) bag (O2 transmission rate 4000 mL m-2 day-1) can be held for 35 days at 10 °C (50 °F), versus 14 days for air controls (Le et al., 2000b).  More mature fruit (40 days from flowering) in the same MA bag had 50% of the shelf-life.

Retail Outlet Display Considerations:  Display at 10 ºC (50 °F).  Do not mist.
Chilling Sensitivity:  Flesh translucency is a symptom of chilling injury.  Other symptoms include softening, wilting, darkening of scales, browning of outer flesh and poor flavor.  These symptoms rapidly develop on H. undatus and H. polyhizus fruit held at 6 °C (42.8 °F) for 2 weeks then transferred to 20 °C (68 °F) (Nerd et al., 1999).  Fruit harvested 25 days from flowering are more sensitive to chilling (6 °C, 7 days); sensitivity is significantly reduced when fruit are harvested 30 to 35 days from flowering (6 °C, 17 days).
Ethylene Production and Sensitivity:  Non-climacteric, with ethylene production rates of 0.025 to 0.091 μL kg-1 h-1 (Nerd et al., 1999).  Ethylene treatment does not initiate color development (Le et al., 2000b).
Respiration Rates:  The maximum respiration rate of these non-climacteric fruit (H. undatus and H. polyhizus) occurs during early fruit growth (Nerd et al., 1999; Le et al., 2000a).  The rate for mature fruit:

Temperature
mg CO2 kg-1 h-1
20 °C
95 to 144  (Nerd et al., 1999)

23 °C
75 to 100  (Le et al., 2000a)

To get mL kg-1 h-1, divide the mg kg-1 h-1 rate by 2.0 at 0 °C (32 °F), 1.9 at 10 °C (50 °F), and 1.8 at 20 °C (68 °F).  To calculate heat production, multiply mg kg-1 h-1 by 220 to get BTU per ton per day or by 61 to get kcal per metric ton per day.
Physiological Disorders:  Chilling injury, mechanical injury and water loss are the three major disorders. Mechanical injury leads to development of sunken areas.  More mature fruit are more susceptible to mechanical injury (Le et al., 2000a).  Splitting is a problem in fruit > 35 days from flowering, that have received rainfall or excessive irrigation during ripening (Le et al., 2000a).
Postharvest Pathology:  Bacterial (Xanthomonas campestris) and Dothiorella spp. diseases have been reported (Barbeau, 1990).  Postharvest disease has been associated with Fusarium lateritium, Aspergillus riger, and Aspergillus flavus (Le et al., 2000a).  No commercially significant bacterial or fungal diseases have been experienced in Israel.

Quarantine Issues:  Dragon fruit are a fruit fly host.  So, irradiation at 300 Grays may have potential for disinfestation.  In Israel, no insect problems have been experienced in commercial production, and the fruit(s status as a fruit fly host may need to be re-evaluated.
Suitability as Fresh-cut Product:  Often available as a fresh-cut product in South East Asian markets in trays with over-wrap.  There is some potential, as fresh-cut fruit can be stored at 4 °C (39.2 °F) for 8 days (Le et al., 2000b).

Special Considerations:  Fruit are very low in vitamin C, but rich in potassium (Le et al., 2000a).
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Scientific Name and Introduction:  The durian (Durio zibethinus Murray (Syn. D. acuminatissina Merr)) is often referred to as the ‘King of Fruits’ in South-East Asia.  However, its qualities promote considerable discussion because of its odor, that is offensive to some.  The genus specific zibethinus is derived from the Italian ‘zibetto’ for the civet, a cat-like animal with a musky smell.  The fruit has a strong onion-garlic odor.  This tropical tree is mainly cultivated in Sri Lanka, Southern India, Southern Burma, Thailand, Cambodia, Vietnam, Malaysia, Indonesia, Borneo, Mindanao (Philippines), and New Guinea.  It has been spread throughout the tropical world, with the general name of durian (Indo-Malay) or variants of duren (Indonesian), duyin (Burmese), thureen (Cambodian), thurian (Thai), saurieng (Vietnamese), dulian (Philippines), stinkvrucht (Dutch), and kadu (Sudan).  Limited supplies are available from the Caribbean, and Central and South America.  Commercial supplies are available from Thailand and Malaysia.

Quality Characteristics and Criteria: The oval or ellipsoid green to brownish fruit  weighing up to 8 kg (18 lb), can be up to 30 cm (12 in) long and 20 cm (8 in) in diameter densely covered with stout sharp pyramidal spines (0.5 in; 1 cm) on a thick fibrous rind.  Fruit are divided into 3 to 5 smooth walled compartments, each containing one to six glossy, creamy to red-brown seeds 2 to 6 cm (0.8 to 2.4 in) long, covered by a white to yellowish soft sweet pulp (aril). The pulp can be odorless or have a strong odor suggesting garlic, onion, or strong cheese with a fruity background. The edible pulp (20 to 35% total mass) has a smooth firm custard-like texture.  In some fruit, seeds are rudimentary or small compared to wild types.

Quality criteria include an pulp with sweet flavor and a good texture, few or small seeds, large aril percentage and marketable weight of 1.5 to 3.5 kg (3.3 to 7.7 lb), elongated to round shape, good shelf-life, good rind color and thickness, reduced rind dehiscence and freedom from disease and insects.  Superior varieties have thick, yellow, fiberless, and firm pulp.

The Thai variety ‘Chanee’ has stronger aroma and is smaller than the preferred ‘Monthong’ (Golden Pillow).  Malaysian varieties include; D-2 ‘Dato Nina,’ D-7 ‘Repok B-2,’ D-10 ‘Durian Hyan,’ D-24, and D-98 ‘Katoi.’

Horticultural Maturity Indices:   At maturity, the fruit naturally falls (abscises) from the tree at the articulation of the fruit stem with the fruit, then ripens in 2 to 4 days with the fruit normally splitting into segments of irregular width at the stylar end.  Ripening results in an increase in soluble sugars, a decrease in starch and pulp firmness which have occurred before natural fruit splitting (dehiscence) starts.

To prevent natural fruit fall (abscising), fruit may be tied to the limb or harvested at maturity. Maturity is judged by appearance (fruit stalk thickness and flexibility, abscission zone, or carpel  sutures), number of days from flowering and a hollow sound when tapped with the wood or rattan stick or knife.  Days from flowering and tapping are the most reliable criteria (Siriphanich, 1996).  ‘Chanee’ durian takes 2 to 4 days while ‘Monthong’ durian takes 4 to 6 days to ripen after harvest depending maturity.  Fruit at 85% maturity, based upon days from anthesis and rind characteristics, ripen to excellent quality in < 1 week at 28 to 31 °C (82.4 to 87.8 °F).  Ripening takes longer than 1 week at 22 °C (71.6 °F).  Fruit that are 95% mature when harvested have already commenced ripening, while 75% mature fruit may ripen with an inferior quality.  Fruit collected from the ground after falling are more subject to disease, fracture, and have a short shelf-life (2 to 3 days), instead of the 7 to 8 days if picked from the tree. In Thailand, the fruit is harvested with the stem (peduncle) attached and the fruit stem is wrapped in a leaf or paper by retailers to reduce wilting and maintain the fresh appearance of the stem whose appearance is also used as a measure of fruit freshness.  ‘Chanee’ is at optimum eating stage for only a few days while ‘Mon Tong’ is at this stage for a longer period.

Grades, Sizes and Packaging:  Fruit are graded on weight, shape, size, and defects (Nanthachai, 1994).  Defects include disease, insects, mechanical injury, and flesh disorders.  The grades vary with variety (Hiranpradit et al., 1992).  The fruit is packed into cardboard cartons (4 to 6 fruit per carton), or in cartons fitted with  fiberboard dividers.

Pre-cooling Conditions:  Use forced-air or room-cooling to 15 °C (59 °F).

Optimum Storage Conditions:  This climacteric fruit, when stored at 15 ºC (59 ºF) has extended shelf-life (Brooncherm and Siriphanich, 1991); RH of 85 to 95% is best (Sriyook et al., 1994; Ketsa and Pangkool, 1994).  Fruit can be waxed to reduce water loss (Sriyook et al., 1994).  Fruit ripened at a lower RH (75%) have a better eating quality that is less juicy and easier to dehusk than fruit ripened at higher RH (Ketsa and Pangkool, 1994).

Controlled Atmospheres (CA) Consideration:  Ripening is inhibited by 2% O2 and fruit fail to ripen when removed to air. Fruit stored in up to 20% CO2 in air did not affect ripening or quality (Tongdee et al., 1990). Low O2 (10%) reduces respiration rate and ethylene production but does not affect the onset of ripening, and ripe fruit quality is not affected. The aril remain hard in less mature fruit stored in 10% O2 and 15 or 20% CO2.  The commercial potential of CA or MA is still unclear (Siriphanich, 1996).

Retail Outlet Display Considerations: Display at ambient temperature or hold at 15 to 18 °C (59 to 64.4 °F), if available.  Do not mist or ice.  Avoid mixing during storage with other produce.  The husk can be removed and the whole pulp and seed segment can be removed and sold in trays with a plastic over-wrap.  Remove husks as soon as durian produces aroma or is half-ripe and the pulp is still firm.  If fruit splitting has started, the pulp is generally too soft and has a very short shelf-life.

Chilling Sensitivity:  The pulp of half to near full ripe fruit is much less sensitive to chilling injury than the peel, and the pulp can be stored for 4 weeks at 5 °C (41 °F).  Whole fruit stored at less than 15 °C (59 °F) develops chilling injury shown by the peel turning black or dark brown starting at the groove between the splines (Brooncherm and Siriphanich, 1991). Chill injured pulp suffer a lose of aroma, does not soften and may develop sunken areas on the surface (Siriphanich., 1996).

Ethylene Production and Sensitivity:   Production varies from near zero in immature fruit up to 40 (l / kg·hr at the climacteric peak and varies with variety (Tongdee et al., 1987a; 1987b).  Most of the ethylene production is associated with the husk, as the pulp has a very low rate (Siriphanich, 1996).  Durian can be ripened with ethylene gas (Ketsa and Pangkool, 1995) or ethephon (Atantee, 1995). The husk of ripened durians will turn yellowish to brownish if the ethylene concentration is too high.  Thai consumers prefers to buy naturally ripened durians as the husk remains light green or olive, while durians with a yellowish or brownish husk are not regarded as fresh.  In Thailand, many growers, wholesalers or retailers ripen durians by a quick dip of the fruit stalk (peduncle) into a ethephon solution (3000 µL L-1 or higher). This approach saves on ethephon use and prevents development of yellowish or brownish husks.  Ethephon use postharvest is not approved in the US.

Respiration Rates:  80 to 450 mg (45 to 254 µL) CO2 kg-1 h-1 at 22 °C.
To calculate heat production, multiply mg kg-1 h-1 by 220 to get BTU per ton per day or by 61 to get kcal per metric ton per day.
The peel has a much higher respiration rate and ethylene production than the pulp (Brooncherm and Siriphanich, 1991). The climacteric rise seems to occur first in the pulp.  For ‘Chanee’ and ‘Kan Yao’ the respiratory and ethylene peaks plateau or decline when the fruit is overripe, while in ‘Mon Tong’ the peak occurs when overripe (Tongdee et al., 1987b).

Physiological Disorders:  Failure of the aril to soften or to soften unevenly is a frequently observed disorder.  Another disorder leads to a watery aril with a flat and dull taste and occurs especially during the rainy season.  The cause of both disorders is unknown (Nanthachai, 1994).

Postharvest Pathology:  Phytophthora spp. is a major cause of rot in immature and mature fruit that leads to high losses during rainy weather and if fruit come in contact with soil.  Another major cause of fruit rot is Lasiodiplodia spp. (Tongdee et al., 1987a).  Fruit on the ground can also be attacked by Sclerotum rolfsii. Fruit diseases due to Phomopsis, Collectrichum, Fusarium and Rhizopus are sometimes severe (Siriphanich, 1996).  Sanitation, avoidance of mechanical injury and fungicide can be used for control (Lim, 1990). 

Quarantine Issues:   If the skin is not broken or split, durian is not a fruit fly host.  The skin must be free of other insects such as scales.

Suitability as Fresh-cut Product:  The fruit is most frequently eaten fresh.  The aril contains 64% water, 2.7% protein, 3.4% fat, 27.9% carbohydrate, and 23 mg/1000 g Vitamin C. Choice varieties demand and receive higher prices than other varieties. Road side and market stalls may cut open the fruit and package the soft aril and seed in a shrink or stretch wrapped tray.  Ripe fruit and soft arils are also frozen for export.  Partially ripe fruit are difficult to open without damaging the pulp.
Special Considerations:  Thailand is the largest producer followed by Indonesia and peninsular Malaysia.  The fruit is highly prized in the markets of South-East Asia. Consumers in Singapore preferring fully ripe fruit with no splitting, while Thais prefer the firmer pulp of less ripe fruit with less volatiles.  Others prefer the strong flavored durian over the milder cultivars.  There is a demand among ethnic groups, familiar with the fruit, in large temperate cities.

The pulp is dehydrated and sold as ‘durian cake,’ boiled with sugar, fermented or salted.  The dried aril is used as a flavoring in ice cream, confectionery, pastry, and soft drinks (Nakasone and Paull, 1998).  Boiled or roasted seeds are eaten as snacks.  Durian chips can be made from the immature and unripe durian pulp, as the lighter color flesh makes more attractive chips.

Do not ship with mixed loads.
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Eggplant

Jorge H. Siller-Cepeda

Postharvest Physiology and Technology Laboratory, CIAD, Culiacán, Carretera a El Dorado, Culiacán, Sinaloa, Mexico
Scientific Name and Introduction: The eggplant (Solanum melongena L.) is an annual plant of the Solanaceae or nightshade family. The edible portion is the immature fleshy pulp of the fruit.  The fruit may be oval, round, long or pear shaped; the skin is smooth and shiny. The color may be black and purple, yellow, white or striped. The main types include Standard (American), Japanese, Italian, Philippine, Thai, and Chinese. Eggplants are primarily grown in Mexico, Florida, New Jersey, Dominican Republic and Jamaica and are available year-round.

Quality Characteristics and Criteria: A high quality American eggplant is uniformly egg to globular shaped, has a fresh green calyx, firm flesh and a dark purple skin. Additional quality indices are size, freedom from growth or handling defects and decay.  Characteristics of other eggplant types include Japanese (elongated, slender, light to dark purple; very perishable), White (small egg shaped to globular; thin skinned), Mini-Japanese (small elongate, striated purple; violet), Chinese (elongated, slender, light purple); and Thai (small, round striated dark green). 

Horticultural Maturity Indices: Eggplant fruits are harvested at a range of developmental stages. Depending on cultivar and temperature, the time from flowering to harvest may be 10 to 40 days. Generally fruits are harvested immature before seeds begin to significantly enlarge and harden. Firmness and external glossiness are also indicators of a pre-maturity condition. Eggplant fruit become pithy and bitter as they reach an overmature condition.

Grades, Sizes and Packing: Grades include Fancy, U.S. No. 1, U.S. No. 2, and Unclassified. Distinction among grades is based solely on size, external appearances, and firmness. Sizes are defined as: Small, 32 fruit/box with fruit length 12 to 14 cm (4.75 to 5.5 in); Medium, 24 fruit/box with fruit length 19 to 21 cm (7.5 to 8.25 in); Large, 18 fruit/box with fruit length 21 to 24 cm (8.25 to 9.5 in); and Extra Large, 16 fruit/box with fruit length 24 to 26 cm (9.5 to 10.25 in) (Siller et al., 1995). Packages commonly are one-piece waxed fiberboard boxes or wire-bound crates, 0.39 m3 containing 15 kg (33 lb). Fruit are individually wrapped with paper.
Pre-cooling conditions:  Rapid cooling to 10 °C (50 °F) immediately after harvest is necessary to retard discoloration, weight loss, drying of calyx, and decay (Ryall and Lipton, 1979). Hydro-cooling and forced-air cooling are most effective, but room-cooling after washing or hydro-cooling is common.

Optimum Storage Conditions: Fruit are stored at 10 to 12 °C (50 to 53.6 °F) with 90 to 95% RH (Ryall and Lipton, 1979).  Storage of eggplant is generally less than 14 days as visual and sensory qualities deteriorate rapidly. Decay is likely to increase after storage > 2 weeks, especially after removal to typical retail conditions. Short-term storage or transit temperatures below this range are often used to reduce weight loss, but result in chilling injury after transfer to retail conditions.

Controlled Atmosphere (CA) Considerations: CA storage or shipping offers little benefit to eggplant quality maintenance. Low O2 levels (3 to 5%) delay deterioration and the onset of decay only a few days. Eggplant tolerates up to 10% CO2 but storage-life is not extended beyond that under reduced O2. Wrapping fruits with plastic film to create modified atmosphere reduces weight loss and maintains firmness, due to the high RH, especially on Japanese eggplant types, which have a high transpiration rate (Díaz Pérez, 1998a). Wrapped eggplant fruit in high density polyethylene (HDPE) maintain a fresher flavor, firmness and quality for a longer period (Ben-Yehoshua et al., 1985; Díaz Pérez, 1998b).

Retail Outlet Display Considerations: Eggplants should never be held in contact with ice. Odor from ginger, and possibly other odor producing commodities like onions, is absorbed by eggplants. So, these products should not be placed in close proximity (Sargent, 1998).

Chilling Sensitivity: Eggplants will develop chilling injury after storage for 6 to 8 days at 5 °C (41 °F).  Surface pitting and scald are definite external symptoms (McColloch, 1966). Scald refers to brown spots or areas that are first flush with the surface, but may become sunken with the time.  Browning of the flesh and seeds are conspicuous internal symptoms of chilling injury, almost invariably followed by decay caused by Alternaria sp. (Ryan and Lipton, 1979). Chilling injury is cumulative and may be initiated in the field prior to harvest.  Symptom development can be reduced by storage in polyethylene bags or polymeric film overwraps, however, increased decay from Botrytis is a potential risk.   

Temperature
American
Japanese
Chinese


(days to visible chilling symptoms)
0.0 °C
1 to 2
2 to 3

2.5 °C
4 to 5
5 to 6
5 to 6

5.0 °C
6 to 7
8 to 9
10 to 12

7.5 °C
12
12 to 14
15 to 16

Ethylene Production and Sensitivity: Rates of ethylene production vary from 0.1 to 0.7 µL kg-1 h-1 at 12.5 °C (54.5 °F).  Eggplant fruit have a moderate to high sensitivity to exogenous ethylene. Calyx abscission and increased deterioration, particularly browning, may be a problem if eggplant are exposed to > 1 µL L-1 ethylene during distribution and short-term storage.

Respiration Rates:

Temperature
American
White egg
Japanese

(mg CO2 kg-1 h-1)

12.5 °C
60 to 78
104 to 122
124 to 138 
To get mL kg-1 h-1, divide the mg kg-1 h-1 rate by 2.0 at 0 °C (32 °F), 1.9 at 10 °C (50 °F), and 1.8 at 20 °C (68 °F).  To calculate heat production, multiply mg kg-1 h-1 by 220 to get BTU per ton per day or by 61 to get kcal per metric ton per day.  Data from Cantwell and Suslow, 1998.
Physiological Disorders:  No significant disorders at this time.
Freezing Injury: Depending on the soluble solids content, fruit freeze at - 0.8 °C (30.6 °F). Symptoms include water-soaked pulp that becomes brown and desiccated over time.

Physical Injury: Harvesting should be done by cutting the calyx-stem free from the plant rather than by tearing. Cotton gloves are often used to protect the fruit. Bruising and compression injury is very common when attention to careful harvest and handling practices are not followed. Eggplant cannot withstand stacking in bulk containers.

Postharvest Pathology: Postharvest diseases often occur in combination with chilling stress. Common fungal pathogens are Alternaria (Black Mold Rot), Botrytis (Gray Mold Rot), Rhizopus (Hairy Rot), Phomopsis Rot, and Phytophtora (Soft Rot). 

Quarantine Issues: None.

Suitability as Fresh-cut Product: No current potential.

Special Considerations: Moistened paper or waxed cartons are often used to reduce water loss. Japanese eggplants lose water three times more rapidly than American types. Visible signs of water loss are reduction of surface sheen, skin wrinkling, spongy flesh, and browning of the calyx. Dipping the calyx or the whole fruit in chemical solutions retarded calyx senescence (Temkin-Gorodeiski, et al., 1993; Muy et al., 1998). 
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Endive and Escarole
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Department of Vegetable Crops

University of California, Davis, CA

Scientific Name and Introduction:  Endive (Cichorium endiva L) has two forms, a narrow leafed endive called curly endive that resembles Dandelion leaves, and a broad leafed endive called escarole.  This herbaceous plant is a member of the Asteraceae family as are its relatives chicory (Cichorium intybus L), lettuce (Lactuca sativa L., Cichorium tribe), and radicchio (Cichorium intybus L.).  The outer leaves of endive are dark green and bitter.  The inner leaves are light green to creamy-white and milder in flavor.  It is used to spice-up salads made from blander flavored lettuces.  Endive is grown and handled like leaf lettuces. 

Quality Characteristics and Criteria:  High quality endive heads should be clean, free of browning, crisp and bright green.  Young, tender leaves are preferred over tough, older leaves.  

Horticultural Maturity Indices:  Harvesting is usually by hand when the heads reach mature size. The plants are cut at the ground level when they are fully developed, at 25 to 30 cm (10 to 12 in) across and the center leaves are blanched.  The heads are packed into corrugated paper cartons in the field.  The leafy heads should be kept clean of soil and mud.  The leaves should have a spicy and mildly bitter taste.  Toughness and a strong bitter taste develop if harvest is delayed and the crop becomes over-mature. The product then becomes unmarketable.  

Grades, Sizes and Packaging:  Similar to those of leaf lettuces.  

Pre-cooling conditions:  Vacuum-cooling and hydro-cooling to 0 °C (32 °F) are preferred.  

Optimum Storage Conditions:  Recommended conditions for commercial storage of endive and escarole are 0 °C (32 °F) with 95 to 100% RH (Hardenburg et al., 1986).  They are not adapted to prolong storage and will not keep longer than 2 to 3 weeks even at the optimal storage temperature of 0 °C (32 °F), and about half that time at 5 °C (41 °F).  Proper RH is essential to prevent wilting.  Although endive, specialty lettuces and other leafy greens have usually been hand harvested.  Some mechanical harvesters are available for product destined for bag mixes, but the greater damage to the tissue requires greater attention to maintaining the optimal storage conditions of temperature and RH.  Top-ice or package-ice is desirable for maintaining proper temperature and RH.  Endive and escarole are often shipped in mixed loads with other produce since most orders for these products are less than truckload lots.  

Controlled Atmosphere (CA) Considerations:  There are presently no recommended CA atmospheres for endive and escarole.  However, a CA useful to maintain the quality of packaged fresh-cut lettuce may be beneficial for either whole or fresh-cut endive and escarole.
Retail Outlet Display Considerations:  Maintain cold conditions to maximize storage and shelf-life, minimize dehydration with periodic sprays of cold water.  Conditions should be similar to those used with leaf lettuces.  

Chilling Sensitivity:  Endive and escarole are not chilling sensitive, but freezing at - 0.1 °C (31.8 °F) must be avoided.

Ethylene Production and Sensitivity:  Production is very low, but exposure can result in leaf yellowing.  

Respiration Rates:

Temperature
mg CO2 kg-1 h-1
0 °C
45

5 °C
52

10 °C
73

15 °C
100

20 °C
133

25 °C
200

To get mL kg-1 h-1, divide the mg kg-1 h-1 rate by 2.0 at 0 °C (32 °F), 1.9 at 10 °C (50 °F), and 1.8 at 20 °C (68 °F).  To calculate heat production, multiply mg kg-1 h-1 by 220 to get BTU per ton per day or by 61 to get kcal per metric ton per day.
Physiological Disorders:  Similar to those of leaf lettuces.  

Postharvest Pathology:  Similar to those of leaf lettuces.  

Quarantine Issues:  None.

Suitability as Fresh-cut Product:  Very high, especially in salad mixes with other leafy greens and lettuces. 
Special Considerations:  Endive and escarole must be handled with care to avoid mechanical damage and to minimize discoloration and pathological problems.  Temperatures must be kept low and RH high to prevent loss of turgor and wilting.
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Fennel

Fabio Mencarelli

Istituto Tecnologie Agroalimentari, Università della Tuscia,

Via DeLellis, Viterbo, Italy

Scientific Name and Introduction: Fennel (Foeniculum vulgaris Mill) belongs to the Umbelliferae family and originated in the Mediterranean region. There are two varieties; seed fennel is var. sativum and edible fennel is var. dulce. The edible parts are the white, enlarged basal parts of the leaf sheathes that are fleshy, turgid, and crispy.  The leafy sheathes form a “grumolo” that is white, ball shaped, and the source of green stems and fuzzy leaves. Italian production accounts for 85% of the world market.  Fennel is a source of fiber, potassium and Vitamin C.

Quality Characteristics and Criteria: There are no published quality standards, but extra fancy fennel is characterized by uniform and brilliant white leafy sheathes that must be turgid and crispy, with no symptoms of cracking or darkening. 

Horticultural Maturity Indices: Fennel is harvested by hand when the plant reaches a specified size, by cutting the plant from the taproot and trimming the leaves so only 10 to 15 cm (4 to 6 in) long green stems are left.  It is harvested year-round, except in June and July.

Grades, Sizes and Packaging: Fennel is sized by the packer and placed in plastic or cardboard boxes.  Careful packing is necessary to avoid scratching sheathes which then rapidly turn brown.

Pre-cooling conditions:  Hydro-cooling is mandatory in the Summer to reduce water loss and remove field heat. Chlorinated water and citrate are used to control browning of cut surfaces. Avoid excess water during packing. Forced-air cooling can be used, but only for plastic wrapped fennel. Vacuum-cooling has been tested (Sozzi and Ilardi, 1992). 

Optimum Storage Conditions:  Fennel stored at 0 °C (32 °F) with 90 to 95% RH can last for 2 weeks.

Controlled Atmosphere (CA) Considerations:  No CA application has been reported.

Retail Outlet Display Considerations:  Fennel must be kept refrigerated and periodically moistened with water sprays. Removal of injured sheathes and brown cut surfaces may be needed.

Chilling Sensitivity:  Fennel is not chilling sensitive. 

Ethylene Production and Sensitivity:  Ethylene production is low at 0 to 2 °C (32 to 35.6 °F), about 0.5 to 1.0 (L kg-1 h-1, and increases to 2.5 to 6 (L kg-1 h-1 at 20 °C (68 °F) (Mencarelli et al., 1996).  No data exist on sensitivity to ethylene.
Respiration Rates:
Temperature
mg CO2 kg-1 h-1
2 °C
18 to 20 

20 °C
24 to 40

To get mL kg-1 h-1, divide the mg kg-1 h-1 rate by 2.0 at 0 °C (32 °F), 1.9 at 10 °C (50 °F), and 1.8 at 20 °C (68 °F).  To calculate heat production, multiply mg kg-1 h-1 by 220 to get BTU per ton per day or by 61 to get kcal per metric ton per day.
Physiological Disorders: Growth after harvest can cause the leaf sheathes to loosen and separate (Mencarelli et al., 1996).  Freezing results in water soaked spots on the outside sheathes and decay of internal young sheathes.

Postharvest Pathology: Fennel is resistant to pathogens attach after harvest. Free water inside the plant can promote bacterial growth.

Quarantine Issues: None.

Suitability as Fresh-cut Product:  Browning of cut surfaces is a problem with fresh-cut fennel.  

Special Considerations:  Special attention must given to the mechanical harvesting and to postharvest handling because fennel is highly sensitive to physical injury. Removal of outer sheathes at retail markets reduces the problem, but it is time consuming. 
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Fig

Carlos H. Crisosto and Adel A. Kader

Department of Pomology, University of California, Davis, CA 

Scientific Name and Introduction:  Edible figs are the multiple or compound fruits of Ficus carica L. a member of the family Moraceae.  The plant is a tree or shrub native to Asia Minor, from where it spread into the Mediterranean region.  It was known to the ancient Egyptians in 4000 B.C. and later Herodotus (ca. 485 to 425 B.C.) wrote about its cultivation.


Figs were introduced from Europe to North America as early as 1600 but commercial cultivation did not start until about 1900.  The largest center of cultivation in the U.S. is in California.  Figs thrive only in the hotter parts of the moderate zones while in tropical countries they can be cultivated only at higher altitudes.

The best-known cultivated varieties are the common or Adriatic fig and the Smyrna fig.  The common fig produces seedless fruit by parthenocarpy, while the Smyrna fig must be pollinated in spite of the fact that it does not develop any male flowers.  The figs, are pear-shaped structures formed from the rolled up discs of the capitula so that the florets of the capitulum occur inside the aperture and are not visible from the outside. The capitulum is connected with the outside by a small aperture at the top of the fig.  The female florets develop into the actual fruits, tiny achenes.  The achenes inside the fig represent the infructescence and the edible part is the swollen, fleshy disc of the capitulum forming the fruit wall. 

Quality Characteristics and Criteria: Skin color and flesh firmness of fresh figs are related to their quality and postharvest life.  Flavor is influenced by stage of ripeness, and overripe figs can become undesirable due to fermentative products.  Other quality indices include absence of defects (such as bird-peck, sunburn, scab, skin break, and stem shrivel), insects, and decay.

Horticultural Maturity Indices: Fresh market figs must be harvested when almost fully ripe and firm to be of good eating quality.  Skin color and flesh firmness are dependable maturity and ripeness indices: ‘Black Mission’ figs should be light to dark purple rather than black and should yield to slight pressure; ‘Calimyrna’ figs should be yellowish-white to light yellow and firm.  Figs for drying should fully ripen and partially dry on the tree before harvesting and completion of drying to about 17% moisture using either solar drying or a dehydrator at 60 ºC (140 ºF).
Grades, Sizes and Packaging: Fully mature fresh figs are soft, easily bruised, and highly perishable. Figs are hand-picked and packed in a one-layer box.  Pickers wear gloves as a protection against fig juice.  'Mission' fig, a black fig with distinctive flavor, and 'Calimyrna' fig, a large yellowish fig, are the main cultivars sold fresh in the U.S.

Optimum Storage Conditions:  Store at -1 to 0 ºC (30 to 32 ºF) with 90 to 95% RH.  Expedited forced-air cooling to 0 ºC (32 ºF) is strongly recommended. 
Controlled Atmosphere (CA) Considerations:  CA combinations of 5 to 10% O2 + 15 to 20% CO2 are effective in decay control, firmness retention, and reduction of respiration and ethylene production.  Postharvest life at optimum temperature and RH depends upon cultivar and ripeness at harvest, but ranges from 1 to 2 weeks in air and 3 to 4 weeks in CA for California-grown ‘Black Mission’ and ‘Calimyrna' figs.

Retail Outlet Display Considerations: Figs should be displayed at 0 to 2 ºC (32 to 36 ºF) and dry with a RH of 90 to 95%. 
Chilling Sensitivity: Figs are not chilling sensitive. 
Rates of Ethylene Production and Sensitivity:  
Temperature
µL kg-1 h-1
0 ºC
0.4 to 0.8
5 ºC
0.8 to 1.5

10 ºC
1.5 to 3.0

20 ºC
4.0 to 6.0
Figs are climacteric fruit and are slightly sensitive to ethylene action on stimulating softening and decay severity, especially if kept at 5 ºC (41 ºF) or higher temperatures.

Respiration Rates:   

Temperature
mg CO2 kg-1 h-1
0 ºC
4 to 8
5 ºC
10 to 16

10 ºC
18 to 24

20 ºC
40 to 60
To get mL kg-1 h-1, divide the mg kg-1 h-1 rate by 2.0 at 0 °C (32 °F), 1.9 at 10 °C (50 °F), and 1.8 at 20 °C (68 °F).  To calculate heat production, multiply mg kg-1 h-1 by 220 to get BTU per ton per day or by 61 to get kcal per metric ton per day.
Physiological Disorders:  Extended storage in CA can result in loss of characteristic flavor.  Figs exposed to < 2% O2 and/or > 25% CO2 develop off-flavors due to fermentative metabolism.

Postharvest Pathology:

Alternaria rot, caused by Alternaria tenuis appears as small, round, brown-to-black spots over the fruit surface.  Any cracks on the skin make the fruit more susceptible to the rot.

Black mold rot, caused by Aspergillus niger, appears as dark or yellowish spots in the flesh with no external symptoms.  At advanced stages the skin and flesh turn slightly pink color and white mycelia with black spore masses follow.

Endosepsis (soft rot), caused by Fusarium moniliforms, appears in the cavity of the fig making the pulp soft, watery and brown with sometimes an offensive odor.

Souring is a pre-harvest problem resulting from yeasts and bacteria carried into figs by insects, especially vinegar flies, resulting in odors of alcohol or acetic acid.

Recommendations to reduce Postharvest Diseases are the following: controlling orchard insects to reduce fruit damage and transmission of fungi; using effective control of pre-harvest diseases; enforcing strict sanitation of picking and transporting containers; supervising careful handling to minimize abrasions, cracks, and other physical damage; avoiding picking figs for fresh market from the ground, enforcing prompt cooling to 0 ºC  (32 ºF) and; maintaining the cold chain all the way to the consumer.

Quarantine Issues:  Currently, there is limited export to Canada.  There is no import of fresh figs.  Issues associated with exotic pest quarantine, addressing both imported and exported fruit, change rapidly. The USDA Animal Plant Health Inspection Service (APHIS) issues rules regarding import requirements.  They provide information to assist exporters in targeting markets and defining what entry requirements a particular country might have for fruit.  APHIS, in cooperation with State plant boards, developed a database called “Excerpt” to track phytosanitary requirements for each country.  APHIS also provides phytosanitary inspections and certifications that declare fruit are free of pests to facilitate compliance with foreign regulatory requirements.  

Suitability as Fresh-cut Product:  Fresh figs are not well adapted for use as a fresh-cut product.

Special Considerations:  Handling figs to avoid infection with Aspergillus species is very important to minimize formation of mycotoxins.  Solar heating reduces insect infestations in ripening and drying figs.
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Scientific Name and Introduction: Garlic, Allium sativum L., is a member of the onion family (Alliaceae).  It is a bulb comprised of cloves (thickened storage leaves) individually wrapped in dried leaf sheaths or skins attached to a compressed stem plate.  The whole bulb is also wrapped in several layers of dried leaf sheaths.  In the U.S. garlic is grown mostly in California and neighboring states.  Garlic is imported principally from Argentina, Chile, China, and Mexico.  Garlic is produced as an annual crop for seed, fresh market, and processed (dried) products.  

Quality Characteristics and Criteria: High quality garlic bulbs are clean, white (or other color typical of the variety), and well cured (dried neck and outer skins).  The cloves should be firm to the touch. Cloves from mature bulbs should have a high dry weight and SSC > 35% in both cases.
Horticultural Maturity Indices: Garlic can be harvested at different stages of development for specialty markets, but most garlic is harvested when the bulbs are mature.  Harvest occurs after the tops have fallen and are dried.  

Grades, Sizes and Packaging: Grades include U.S. No. 1 and unclassified, and are based primarily on external appearance and freedom from defects.  Minimum diameter for fresh market is 6 mm (1.5 in).  Garlic is usually packed loose in 2.3, 4.6, 10, and 13.6 kg (5, 10, 22, and 30 lb) cartons, and may also be packed in smaller weight net bags or trays for retail. 

Cooling: Well cured garlic has a very low respiration rate and it is typically cooled when placed in storage.  High initial airflow may be used to bring pulp temperature down rapidly to storage temperature. 
Optimum Storage Conditions:  The variety of garlic affects potential storage-life, and the recommended conditions for commercial storage depend on the expected storage period. Garlic can be kept in good condition for 1 to 2 mo at ambient temperatures of 20 to 30 °C (68 to 86 °F) under low RH, ie., < 75% (Hardenburg et al., 1986).  However, under these conditions, bulbs will eventually become soft, spongy and shriveled due to water loss.  For long-term storage, garlic is best maintained at temperatures of -1 to 0 °C (30 to 32 °F) with low RH (60 to 70%).  Good airflow throughout the vented bins or other storage containers is necessary to prevent any moisture accumulation.  Under these conditions garlic can be stored for more than 9 mo.  Garlic is also held in common storage for 3 to 4 mo if temperatures are kept cool (cool night air ventilation), with good airflow and at low RH.  Garlic will eventually lose dormancy, signaled by internal development of the sprout.  This occurs most rapidly at intermediate storage temperatures of 5 to 18 °C (41 to 64.4 °F) (Mann and Lewis, 1956; Hardenburg et al., 1986).  For long-term storage, garlic should have no or minimal internal sprout growth and should be well cured (see “Special Considerations” section).  To control sprout development and lengthen the storage period, garlic may be treated with pre-harvest applications of sprout inhibitors, such as maleic hydrazide, or be irradiated after harvest (Hardenburg et al., 1986).  Garlic odor is easily transferred to other products, so they should be stored separately.  High RH in storage will favor mold growth and rooting.  Mold growth can also be problematic if garlic has not been well cured before storing.  

Controlled Atmosphere (CA) Considerations:  Atmospheres with high CO2 (5 to 15%) are beneficial in retarding sprout development and decay during storage at 0 to 5 °C (32 to 41 °F).  Low O2 alone (0.5%) does not retard sprout development of California Late stored up to 6 mo at 0 °C (32 °F).  Atmospheres with 15% CO2 may produce a yellow translucent discoloration on some cloves after about 6 mo (Cantwell, unpublished). 

Retail Outlet Display Considerations: Garlic should be kept cool and dry.   

Chilling Sensitivity:  Garlic is not chilling sensitive and optimum storage temperature of -1 °C (30 °F) is just above the freezing point of garlic. 

Ethylene Production and Sensitivity: Garlic produce only very low amounts of ethylene and are not particularly sensitive to ethylene exposure.

Respiration Rates:

Temperature
Intact Bulbs

Fresh-peeled Cloves


(mg CO2 kg-1 h-1)

0 °C
4 to 12

24

5 °C
8 to 24

30 to 40

10 °C
12 to 36

70 to 100

15 °C
14 to 30


20 °C
14 to 26


To get mL kg-1 h-1, divide the mg kg-1 h-1 rate by 2.0 at 0 °C (32 °F), 1.9 at 10 °C (50 °F), and 1.8 at 20 °C (68 °F).  To calculate heat production, multiply mg kg-1 h-1 by 220 to get BTU per ton per day or by 61 to get kcal per metric ton per day.  Data modified from Hardenburg et al. (1986) with data for intact and fresh peeled cloves from Cantwell (unpublished).  Respiration rates increase when sprouting begins.   

Physiological Disorders:  Waxy breakdown is a physiological disorder that affects garlic during latter stages of growth and is often associated with periods of high temperature near harvest.  Early symptoms are small, light yellow areas in the clove flesh that darken to yellow or amber.  Later, the clove becomes translucent, sticky and waxy, but the outer dry skins are not usually affected.  Waxy breakdown is commonly found in stored and shipped garlic - rarely in the field.  In addition to its association with high pre-harvest temperatures and sunscald, low O2 and inadequate ventilation during handling and storage may also contribute.  

Postharvest Pathology:  Penicillium rots (Pencillium corymbiferum and other spp.) are common problems in stored garlic.  Affected garlic bulbs may show little external evidence until decay is advanced.  Affected bulbs are light in weight and individual cloves are soft, spongy and powdery dry.  In an advanced stage of decay, the cloves break down in a green or gray powdery mass.   Low RH in storage retards rot development.  Less common storage decay problems include Fusarium basal rot (Fusarium oxysporum cepae) that infects the stem plate and causes shattering of cloves, dry rot due to Botrytis allii, and bacterial rots (Erwinia spp., Pseudomonas spp.). 

Quarantine Issues: None.

Suitability as Fresh-cut Product:  Whole peeled garlic cloves are a popular convenience product processed originally for foodservice but now found in retail food stores.  The fresh peeled cloves are packed in rigid clear plastic containers or in plastic film liners in carton boxes.  The mechanical peeling process results in broken and damaged pieces, and damage is the major factor leading to decay and quality loss during storage.  Storage at 0 to 5 °C (32 to 41 °F) is imperative to maintain good quality.  A 2 to 3 week storage-life is expected if kept at 5 °C (41 °F) or below.  Storage temperatures above 5 °C (41 °F) will result in pink and brown discoloration on the damaged areas, and favor root and sprout development.  

Special Considerations:  Outer cloves of bulbs are easily damaged during mechanical harvest and these damaged areas discolor and decay during storage.  Therefore high quality garlic for the fresh market is usually harvested manually (pulled and trimmed) to avoid mechanical damage.   

Curing garlic is the process by which the outer leaf sheaths and neck tissues of the bulb are dried. Warm temperatures, low RH, and good airflow are conditions needed for efficient curing.  Under favorable climatic conditions in California, garlic is usually cured in the field. After harvest and trimming it may remain in bins in the field to cure further.  Curing is essential to obtain maximize storage-life and have minimal decay.  

Garlic flavor is due to the formation of organosulfur compounds when the main odorless precursor alliin is converted by the enzyme alliinase.  This occurs at low rates unless the garlic cloves are crushed or damaged.  The main compound formed by this reaction is a thiosulfinate, allicin, and is the compound responsible for the characteristic odor and flavor of fresh garlic.  Allicin is also an important compound since it decomposes to other sulfur containing molecules that have purported human health benefits.  Alliin content decreases during storage of garlic bulbs, but the effect of time, storage temperatures and atmospheres has not yet been well documented. 
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Scientific Name and Introduction: The rhizome of the ginger (Zingiber officinale) plant is referred to as a root and is use as a spice in cooking and as a pickled vegetable.  The knobby, fibrous mature root has a light yellowish brown skin when fresh.  The rhizome is also harvested at a very early stage before fiber development has taken place, for use in pickles and confectionery.

Quality Characteristics and Criteria:  Desired quality characteristics include skin color, plumpness of tuber pieces, sheen on skin and absence of vegetative sprouts, blemishes, soil and insect injury.  Young ginger is bright yellow to brown and has a high sheen with greenish-yellow vegetative buds, but no sprouts.

Horticultural Maturity Indices:  Mature ginger rhizomes are harvested when the plant tops begin to wilt and die.  These rhizomes should be plump and with a dry bright yellow-brown skin color.  The sheen is soon lost and the skin darkens.

Grades, Sizes and Packaging:  Rhizomes are sold in full telescoping 13.6 kg (30 lb), 6.8 kg (20 lb) fiberboard cartons or 1.7 kg (5 lb) cartons with film bags.

Pre-cooling Conditions:  Forced-air or room-cooling to 12 to 14 °C (54 to 57 °F) should be used.

Optimum Storage Conditions:  Mature ginger rhizomes can be stored at 12 to 14 °C (54 to 57 °F) with 85 to 90% RH for 60 to 90 days.  Storage at 13 °C (55 °F) with 65% RH leads to extensive dehydration and a wilted appearance (Akamine, 1962).  Superficial mold growth can occur if condensation occurs on rhizomes.

Controlled Atmospheres (CA) Consideration:  No published recommendations.

Retail Outlet Display Considerations:  Display fresh young ginger with misting, and mature ginger at ambient temperature with no misting.

Chilling Sensitivity:  Mature ginger is chilling sensitive if held below 12 °C (54 °F).  Symptoms include loss of skin color and pitting of the skin, in severe cases there is internal breakdown.

Ethylene Production and Sensitivity: Very low.

Respiration Rate:  About 5.5 to 6.8 mg CO2 kg-1 h-1 (3.1 to 3.8 µL kg-1 h-1) at 22 °C (72 °F).  To get mL kg-1 h-1, divide the mg kg-1 h-1 rate by 2.0 at 0 °C (32 °F), 1.9 at 10 °C (50 °F), and 1.8 at 20 °C (68 °F).  To calculate heat production, multiply mg kg-1 h-1 by 220 to get BTU per ton per day or by 61 to get kcal per metric ton per day.
Physiological Disorders:  Dehydration is the most common problem.  The rhizomes lose their sheen and darken rapidly during handling (Akamine, 1962).  Shriveling of the pieces becomes pronounced after the loss of about 10% of harvest weight (Paull et al., 1988).

Postharvest Pathology:  Fusarium rot (Fusarium spp) can cause serious problems, symptom include pale brown discoloration of the vascular strands (Trujillo, 1963) that invades the rest of the rhizome that becomes brown and dry (Teakle, 1965).  Pythium rot (Pythium spp) has also been reported, rhizome become soft and watery (Haware and Joshi, 1974).  Fungicides are not permitted but reasonable control is obtained if the rhizome are adequately cured and held at 12 to 14 °C (54 to 57 °F).  Saprophytes, such as Penicillium spp., may grow on cut ends and injured areas, and although not parasitic, they give the cut ends and surface an unsightly appearance.

Quarantine Issues:  Rhizome pieces free of soil and insect injury require no treatment.

Suitability as Fresh-cut Product:  Not applicable.

Special Considerations:  None.
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