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•Amity1 red raspberries, 'Chester* blackberries and 

'Earliblue' blueberries were subjected to different 

cooling treatments at 00C and placed in storage at 0oC. 

Fruits were cooled 2-4 times faster with forced-air 

cooling than with room cooling. Cooling treatments had no 

effect on decay, soluble solids content or citric and 

malic acid concentrations during storage. Weight loss of 

blackberries and firmness of red raspberries were also not 

affected by cooling treatments. Immediately room cooled 

fruits of red raspberry lost less weight than forced-air 

cooled fruits. Delayed cooling of 4 hr for red raspberry 

and 8 hr for blueberry increased weight loss during 

storage. Total anthocyanin of red raspberries increased 

with longer delays in cooling and became more apparent at 

later storage stages. 



•Meeker' red raspberry and 'Chester' blackberry 

fruits were precooled in different package types at 0oC 

and held in storage at 00C. The cooling times for both 

berries were shortest in open top packages followed by 

packages with pin-holed film caps. Package type had no 

apparent effect on decay, total anthocyanin, soluble 

solids or citric and malic acid concentrations of red 

raspberries and blackberries during storage. Weight loss 

was greater in fruits packaged without cover. 

Berry quality was generally much more dramatically 

affected by storage duration. Weight loss and decay 

increased while anthocyanin increased initially after 

harvest but then remained unchanged during later storage 

stages. Soluble solids changed very little but citric and 

malic acid generally decreased or remained constant. 

'Amity' and 'Meeker' red raspberries could be held up 

to 15 days at 0oC with less than 3% decay, and with weight 

loss less than 5 percent. 'Chester' blackberries could be 

kept up to 20 days with both decay and weight loss less 

than 4 percent. The storage time of blueberries was 

unexpectedly very short (not more than 7 days) in this 

study. Rains prior to harvest likely resulted in earlier 

and more extensive decay. 



Storage Quality of Red Raspberries, Blackberries 
and Blueberries: Effects of Delayed Cooling 

and Package Types 

by 

Ahmad Tarmizi Sapii 

A THESIS 

submitted to 

Oregon State University 

in partial fulfillment of 
the requirements for the 

degree of 

Master of Science 

Completed August 10, 1990 

Commencement June 1991 



APPROVED: 

Professor/(6f Horticulture in charge of major 

Head of department of Horticulture 

Dean of Graduat^$chool   /\ 

Date thesis is presented August 10. 1990 

Typed by: Ahmad Tarmizi Sapii 



ACKNOWLEDGMENTS 

I would like to express my sincere appreciation to my 

advisor Dr. Daryl G. Richardson, for his guidance, 

support, patience, generousity, understanding and 

friendship through out my graduate training. 

I would also like to thank Dr. Lloyd Martin of the 

Horticulture Department, Dr. David Thomas of the 

Statistics Department and Dr. William Dougherty of the 

Microbiology Department for their contributions to my 

thesis. 

I also thank Mrs. Donna Kling for her technical 

assistance. Thanks to the graduate students and staff in 

the Department of Horticulture for their concern, help and 

friendship. 

I gratefully acknowledge the Malaysian Agricultural 

Research and Development Institute (MARDI) for sponsoring 

my graduate studies. 

Last but not least, I would like to express my 

deepest gratitude to my wife, Halipah and my children 

Azmil Haizam, Azmil Hazwan, Nurul Farhana and Ahmad Farhan 

for their inspiration, patience and encouragement during 

our stay in Corvallis. 



TABLE OF CONTENTS 

CHAPTER I. 

CHAPTER II, 

CHAPTER III. 

CHAPTER IV. 

PAGE 

INTRODUCTION  1 

LITERATURE REVIEW  4 

A. INTRODUCTION  4 

B. HARVEST MATURITY AND RIPENING  4 

Harvest maturity  4 
Fruit ripening  6 

C. STORAGE QUALITY CHARACTERISTICS  7 

Color and appearance  8 
Texture  10 
Flavor ■  11 
Mold  13 

D. PACKAGING AND COOLING  14 

Consumer packaging  14 
Cooling of produce  16 
Effects of packaging and cooling 
on quality  22 

EFFECT OF DELAYED COOLING ON STORAGE 
QUALITY OF RED RASPBERRIES,BLACKBERRIES 
AND BLUEBERRIES  31 

ABSTRACT  31 
INTRODUCTION  33 
MATERIALS AND METHODS  3 6 
RESULTS  44 
DISCUSSION  50 

EFFECT OF PACKAGE TYPES ON COOLING TIME 
AND STORAGE QUALITY OF RED RASPBERRIES 
AND BLACKBERRIES  79 

ABSTRACT  79 
INTRODUCTION  81 
MATERIALS AND METHODS  84 
RESULTS  88 
DISCUSSION  93 



CHAPTER V.    CONCLUSIONS  115 

BIBLIOGRAPHY  118 

APPENDICES  129 

APPENDIX A - FIGURES  129 

APPENDIX A - TABLES  142 

APPENDIX B - FIGURES  151 

APPENDIX B - TABLES  161 



LIST OF FIGURES 

Figure Page 

II.1.    Changes in cooling rate with time of        18 
cooling. 

111.1. HPLC separation of organic acid stan-       4 3 
dards. Peak identification: 1. Oxalic; 
2. a-Ketoglutaric; 3. Citric; 4. Tartaric; 
5. Malic; 6. Unknown, possibly Galactu- 
ronic; 7. Unknown; 8. Succinic + Glutaric; 
9. Fumaric; 10. Acetic; 11. Levulinic; 
and 12. Propionic. 

111.2. Effect of delays in cooling on cumu-        61 
lative weight loss of 'Amity' red 
raspberries during storage at 0oC. 
Each point is the mean of 4 observations. 

111.3. Effect of delays in cooling on cumu-        62 
lative weight loss of 'Chester' 
blackberries during storage at 00C. 
Each point is the mean of 4 observations. 

111.4. Effect of delays in cooling on cumu-        63 
lative weight loss of 'Earliblue' 
blueberries during storage at 00C. 
Each point is the mean of 4 observations. 

111.5. Effect of delays in cooling on decay        64 
development of 'Amity' red raspberries 
during storage at 0oC. Analysis was done 
on Arcsine-transformed data. Each point 
is the mean of 16 observations. 

111.6. Effect of delays in cooling on decay        65 
development of 'Chester' blackberries 
during storage at 0oC. Analysis was done 
on Arcsine-transformed data. Each point 
is the mean of 16 observations. 

111.7. Effect of delays in cooling on decay        66 
development  of 'Earliblue' blueberries 
during storage at 00C. Each point is the 
mean of 16 observations. 

IV.1.    Berries in different package types. 87 
PACKl- container with no cover; PACK2- 
container with four 7mm-holed clear 
polystyrene plastic cap; PACK3-container 
with numerous pin-holed film cap (760 
holes/lOOcm2) ; PACK4-container with 



LIST OF FIGURES (CONT.) 

numerous Imm-holed film cap (90 holes/ 
.00cm2) ; and PACK5-cc 
6mm-holed film cap. 

100cm2) ; and PACK5-container with seven 

IV.2.   Cooling rates for 'Meeker' red raspberries  100 
subjected to different package type during 
forced-air cooling at 0 C. Each point is 
the mean of 2 observations. 

IV.3.    Cooling rates for 'Chester' blackberries    101 
subjected to different package type during 
forced-air cooling at 0 C. Each point is 
the mean of 2 observations. 

IV.4.    Effect of package type on weight loss of    102 
'Meeker' red raspberries during storage at 
0oC. Each point is the mean of 4 observa- 
tions. 

IV.5.   Effect of package type on weight loss of    103 
•Chester' blackberries during storage at 
0oC. Each point is the mean of 4 observa- 
tions. 

IV.6.    Effect of package type on decay development  104 
of 'Meeker' red raspberries during storage 
at 00C. Analysis was done on Arcsine-trans- 
formed data. Each point is the mean of 12 
observations. 

IV.7.    Effect of package type on decay development  105 
of 'Chester' blackberries during storage 
at 00C. Analysis was done on Arcsine-trans- 
formed data. Each point is the mean of 16 
observations. 



APPENDIX A - FIGURES 

Figure Page 

Al.  Cooling rate for 'Amity' red raspberries    129 
subjected to room cooling at 0oC. 

A2.  Cooling rate for 'Amity' red raspberries    130 
subjected to forced-air cooling at 0oC. 

A3.  Cooling rate for 'Amity' red raspberries    131 
subjected to forced-air cooling at 0oC 
after 2 hours delay at room temperature. 

A4.  Cooling rate for 'Amity' red raspberries    132 
subjected to forced-air cooling at 0oC 
after 4 hours delay at room temperature. 

A5.  Cooling rate for 'Chester' blackberries     13 3 
subjected to room cooling at 0oC. 

A6.  Cooling rate for 'Chester* blackberries     134 
subjected to forced-air cooling at 0oC. 

A7.  Cooling rate for 'Chester' blackberries     135 
subjected to forced-air cooling at 0oC 
after 2 hours delay at room temperature. 

A8.  Cooling rate for 'Chester' blackberries     136 
subjected to forced-air cooling at 0oC 
after 4 hours delay at room temperature. 

A9.  Cooling rate for 'Earliblue' blueberries    137 
subjected to room cooling at 0oC. 

AlO. Cooling rate for 'Earliblue' blueberries    138 
subjected to forced-air cooling at 0oC. 

All. Cooling rate for 'Earliblue' blueberries    139 
subjected to forced-air cooling at 0oC 
after 2 hours delay at room temperature. 

A12. Cooling rate for 'Earliblue' blueberries    140 
subjected to forced-air cooling at 0oC 
after 4 hours delay at room temperature. 

A13. Cooling rate for 'Earliblue' blueberries    141 
subjected to forced-air cooling at 0oC 
after 8 hours delay at room temperature. 



APPENDIX B - FIGURES 

Figure Page 

Bl.  Cooling rate for 'Meeker' red raspberries   152 
in PACK1 subjected to forced-air cooling 
at 0oC.  Each point is the mean of 2 
observations. 

B2.  Cooling rate for 'Meeker' red raspberries    153 
in PACK2 subjected to forced-air cooling 
at 0oC.  Each point is the mean of 2 
observations. 

B3.  Cooling rate for 'Meeker' red raspberries    154 
in PACK3 subjected to forced-air cooling 
at 0oC.  Each point is the mean of 2 
observations. 

B4.  Cooling rate for 'Meeker' red raspberries    155 
in PACK4 subjected to forced-air cooling 
at 0oC.  Each point is the mean of 2 
observations. 

B5.  Cooling rate for 'Meeker' red raspberries    156 
in PACK5 subjected to forced-air cooling 
at 0oC.  Each point is the mean of 2 
observations. 

B6.  Cooling rate for 'Chester' blackberries     157 
in PACK1 subjected to forced-air cooling 
at 0oC.  Each point is the mean of 2 
observations. 

B7.  Cooling rate for 'Chester' blackberries     158 
in PACK2 subjected to forced-air cooling 
at 0oC.  Each point is the mean of 2 
observations. 

B8.  Cooling rate for 'Chester' blackberries     159 
in PACK3 subjected to forced-air cooling 
at 0oC.  Each point is the mean of 2 
observations. 

B9.  Cooling rate for 'Chester' blackberries     160 
in PACK4 subjected to forced-air cooling 
at 0oC.  Each point is the mean of 2 
observations. 

BIO. Cooling rate for 'Chester' blackberries     161 
in PACK5 subjected to forced-air cooling 
at 0oC.  Each point is the mean of 2 
observations. 



LIST OF TABLES 

Table Page 

111.1. One-half and seven-eighths cooling 67 
times for 'Amity' red raspberries 
with room cooling compared to forced- 
air cooling at 00C. 

111.2. One-half and seven-eighths cooling 68 
times for 'Chester' blackberries with 
room cooling compared to forced-air 
cooling at 00C. 

111.3. One-half and seven-eighths cooling 69 
times for 'Earliblue' blueberries 
with room cooling compared to forced- 
air cooling at 0 C. 

111.4. Effect of delays in cooling on the 70 
firmness of 'Amity' red raspberries 
during storage at 00C. 

111.5. Effect of delays in cooling on total        71 
anthocyanin content of 'Amity' red 
raspberries during storage at 00C. 

111.6. Effect of delays in cooling on total        72 
anthocyanin content of 'Chester' 
blackberries during storage at 0oC. 

111.7. Effect of delays in cooling on soluble      73 
solids content of 'Amity' red raspberries 
during storage at 00C. 

111.8. Effect of delays in cooling on soluble      74 
solids content of 'Chester' blackberries 
during storage at 00C. 

111.9. Effect of delays in cooling on soluble      75 
solids content of 'Earliblue' blueberries 
during storage at 00c. 

111.10. Effect of delays in cooling on organic      76 
acid content of 'Amity' red raspberries 
during storage at 00C. 

111.11. Effect of delays in cooling on organic      77 
acid content of 'Chester' blackberries 
during storage at 00C. 



LIST OF TABLES (CONT.) 

III.12.  Effect of delays in cooling on organic      78 
acid content of 'Earliblue' blueberries 
during storage at 00C. 

IV.1.   One-half and seven-eighths cooling times    106 
for 'Meeker' red raspberries subjected to 
different package type during forced-air 
cooling at 0oC. 

IV.2.    One-half and seven-eighths cooling times    107 
for 'Chester' blackberries subjected to 
different package type during forced-air 
cooling at 00C. 

IV.3.    Effect of package type on the firmness of   108 
'Meeker' red raspberries during storage at 
00C. 

IV.4.    Effect of package type on total anthocya-   109 
nin content of 'Meeker' red raspberries 
during storage at 0oC. 

IV.5.    Effect of package type on total anthocya-   110 
nin content of 'Chester' blackberries 
during storage at 00C. 

IV.6.    Effect of package type on soluble solids    111 
content of 'Meeker' red raspberries during 
storage at 0oC. 

IV.7.   Effect of package type on soluble solids    112 
content of 'Chester' blackberries during 
storage at 00C. 

IV.8.    Effect of package type on organic acid      113 
concentration of 'Meeker' red raspberries 
during storage at 00C. 

IV.9.    Effect of package type on organic acid      114 
concentration of 'Chester' blackberries 
during storage at 00C. 



APPENDIX A - TABLES 

Table Page 

Al.  Cooling treatment and storage time 142 
effects on the weight loss, decay, and 
firmness of 'Amity' red raspberries 
stored at 0oC. 

A2.  Cooling treatment and storage time 143 
effects on total anthocyanin and 
soluble solids content of 'Amity' red 
raspberries stored at 0oC. 

A3.  Cooling treatment and storage time 144 
effects on organic acid concentration 
of 'Amity' red raspberries stored 
at 0oC. 

A4.  Cooling treatment and storage time 145 
effects on weight loss and decay of 
•Chester' blackberries stored at 0oC. 

A5.  Cooling treatment and storage time 146 
effects on total anthocyanin and 
soluble solids content of 'Chester' 
blackberries stored at 0oC. 

A6.  Cooling treatment and storage time 147 
effects on organic acid concentration 
of 'Chester' blackberries stored at 0oC. 

A7.  Cooling treatment and storage time 148 
effects on weight loss, decay, and 
soluble solids content of 'Earliblue' 
blueberries stored at 0oC. 

A8.  Cooling treatment and storage time 149 
effects on organic acid concentration 
of 'Earliblue' blueberries stored at 0oC. 



APPENDIX B - TABLES 

Table Page 

Bl.  Package type and storage time effects       162 
on weight loss, decay, and firmness of 
•Meeker" red raspberries stored at 0oC. 

B2.  Package type and storage time effects       163 
on total anthocyanin and soluble solids 
content of 'Meeker' red raspberries 
stored at 0oC. 

B3.  Package type and storage time effects       164 
on organic acid concentration of 
•Meeker* red raspberries stored at 0oC. 

B4.  Package type and storage time effects       165 
on weight loss and decay of 'Chester* 
blackberries stored at 0oC. 

B5.  Package type and storage time effects       166 
on total anthocyanin and soluble 
solids content of 'Chester' black- 
berries stored at 0oC. 

B6.  Package type and storage time effects       167 
on organic acid concentration of 
'Chester* blackberries stored at 0oC. 



STORAGE QUALITY OF RED RASPBERRIES, BLACKBERRIES 

AND BLUEBERRIES: EFFECTS OF DELAYED COOLING 

AND PACKAGE TYPES 

CHAPTER I 

INTRODUCTION 

Small fruits are important crops for fresh 

consumption and for processing. Oregon is one of the 

leading states in the U.S. in the production of 

caneberries (Crabtree and Weiser, 1988). There were 3500 

acres of blackberry in production and 2000 acres red 

raspberry reportedly grown in Oregon in 1983 (Martin and 

Lawrence, 1983). Crabtree and Weiser (1988) stated that 

red raspberries and blackberries produced in Oregon were 

45% and 90%, respectively, of the U.S. production. 

The quality of fresh fruit continuously changes as 

the fruit moves from the field to consumer. Deterioration 

begins immediately when the fruit is detached from the 

plant. As living tissue, this produce continues to respire 

and to lose water in transpiration. They are subjected to 

microbial attack and to chemical and physiological 

changes. 

Short storage life is a major constraint for the 

marketers of small fruits. Decay caused by fungi is the 

most important factor limiting the shelf-life. There are 

many factors which need to be considered to make fresh 
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marketing berry crops successful. Precooling the berries 

without delays after harvest and use of appropriate 

packaging material which can avoid compression damage to 

the fruit and can facilitate cooling, storage and 

transportation are among the important guidelines 

suggested by Richardson (1988). The benefits of rapid 

cooling in extending shelf-life of small fruits have been 

documented in many reports (Rose and Gorman, 1936; Kenny, 

1979; Ceponis and Cappellini, 1979 and Hudson and Tietjen, 

1981). Fruits of red raspberry, blackberry and blueberry, 

which will be marketed for fresh consumption, are usually 

cooled by forced-air cooling methods (Kenny, 1979). The 

fruits are normally filled in 1/2-pint or 1-pint pulpboard 

containers capped with plastic films that later are packed 

in a master shipping box for further handling. 

Chapter II reviews the previous research literature 

related to the thesis problem. This thesis is written in 

the format for publication and each manuscript has a 

fairly extensive literature review. In order to avoid 

unnecessary repetition of information covered in later 

parts, chapter II will be abbreviated. 

The first manuscript (Chapter III) determines the 

responses of 'Amity' red raspberry, 'Chester' blackberry 

and 'Earliblue' blueberry fruits to different delays in 

cooling during storage. Delayed cooling, especially in hot 

weather, may cause a problem in maintaining the shelf-life 
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of berries. Delays between harvest and cooling occur when 

the volume of the fruits harvested exceeds the capacity of 

packing house facilities, when fruits must be transported 

to packing houses from distant production areas, or when 

cooling chambers do not quickly and uniformly bring down 

fruit temperatures to optimal levels (Harvey and Harris, 

1986) . 

The second manuscript (Chapter IV) describes the 

effect of different package components on cooling rate and 

storage quality of 'Meeker' red raspberry and 'Chester' 

blackberry fruits. Normally, harvested berries are 

precooled without covering the fruits for about 3 0 min. 

prior to repacking into consumer units. The problem of 

high moisture loss may occur, especially at the beginning 

of cooling, when the vapor pressure differences between 

internal and external atmosphere surrounding the fruits 

are still great (Mitchell, 1987). Covering the berries 

with film caps without perforations during cooling or 

storage could reduce moisture loss. But the rate of 

cooling may be slowed and excessive humidity inside the 

packages may promote decay development. Therefore, 

perforation of film caps may be needed to overcome such 

problems. 



CHAPTER II 

LITERATURE REVIEW 

A. INTRODUCTION 

Red raspberries, blackberries and blueberries are 

grouped under small fruits or soft fruits together with 

strawberries, gooseberries and currants (Green, 1971). 

Although they are from the same group, some of them are 

botanically unrelated. Red raspberries and blackberries 

are from the genus of Rubus (Green, 1971; and Jennings, 

1988) while blueberries are in the genus of Vaccinium 

(Eck, 1988; and Green, 1971). 

The fruits of red raspberry and blackberry are 

aggregates of single druplets adhering to a pulpy 'plug' 

or receptacle which cannot readily be removed prior to 

maturity (Green, 1971; and Jennings, 1988). While the 

blueberry fruits are many-seeded true berrie_s_which__are 

formed in clusters on an infloressgiJse^Eck, 1966) . The 

druplets of blackberry fruit are still attached to a 

receptacle when they are harvested. But in red raspberry, 

the receptacle is retained on the plant. 

B. HARVEST MATURITY AND RIPENING 

Harvest maturity 

Red raspberry fruits usually ripen in from 3 0 to 3 6 
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days after pollination and all their druplets usually 

ripen together. In blackberries, the ripening time varies 

from 40 to 70 days (Jennings, 1988). The small variation 

in ripening times are normally determined by cultivar and 

environmental factors.  Blueberry fruits normally mature 

in_J>0_jto 90 days a^er^lowexiag,, (Eck, 1966) . 

Sjulin and Robbins (1987) divided the maturity 

stages of red raspberries into inception, red-ripe and 

processing ripe. They suggested that fruits should be 

harvested at the red-ripe stage for fresh marketing. 

Blackberries and blueberries are normally harvested when 

the fruits develop fully black or blue, respectively. 

However, the problem arises in picking these fruits 

because not all the fully colored fruits are of the same 

maturity stages. In blackberries, slightly immature fruits 

become red during freezing (Jennings, 1988; and Sapers et 

al., 1985). While in blueberries, fruits from the same 

cluster do not ripen at the same time and this is 

particularly important when fruits are machine-harvested 

(Eck, 1988). 

Stage of ripeness_jij^J^^est_±s„Jc^^ 

fruit quality and shelf-life. Sjulin and Robbins (1987) 

showed that red raspberries harvested at red-ripe stages 

had better quality after storage than fruits harvested at 

(inception)stage.(Ballinger et al. (1918)   found  that__the 

blueberry soluble solids to acid ratio SSSJAcX^h^d  a 
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positive relationship with decay development, thus storage 

life of fruits. They estimated several maximum 

degrees of ripeness (SS/Ac) for harvesting d^ependlng^on 

where the fruits were to be shipped. 

Fruit ripening 

Fruits have been classified as climacteric and non- 

climacteric depending on their respiratory and ethylene 

production characteristics (Biale and.Young, 1981; 

McGlasson, 1985; and Ryall and Pentzer, 1974). Climacteric 

fruits have a sharp increase of respiration which normally 

occurs during the onset of ripening, and then declines 

when fruits approach senescence. Normally, sugars 

increase, acids decrease, chlorophyll is lost, yellow and 

red pigments increase and volatile constituents develop in 

ripening fruits. For non-climacteric fruits there is no 

such characteristic pattern of marked respiratory activity 

during the onset of ripening. Although the fruits exhibit 

certain color changes associated with ripening and 

softening, ripening occurs gradually, and without the C02 

rise or much ethylene production. 

Fruits of red raspberry (Jennings, 1988) and 

blueberry (Ismail and Render, 1969; Lipe, 1978; and Norman 

et al., 1976) are classified as climacteric. Lipe (1978) 

suggested that blackberry is a non-climacteric fruit but 

contrary to Walsh et al. (1983), who recently classified 
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thornless blackberry fruit as climacteric. The respiration 

rates of these berries are among the highest of all fruit 

types relative to their size. The rate of respiration 

expressed as rates of C02 production for red raspberries, 

blackberries and blueberries are 18-20, 18-25, and 2-10 mg 

C02/kg-hr, respectively, at 0oC (Hardenburg et al., 1986). 

Furthermore, they exhibit fairly strong responses to 

elevated temperatures. 

C. STORAGE QUALITY CHARACTERISTICS 

Quality is the sum total of all those attributes 

which make fruits and vegetables acceptable, desirable and 

nutritionally valuable as human food (Kader,1985a). 

Wardowski (1986) observed that consumers usually prefer 

sound fresh fruit, good tasting fruit and fruit with a 

clean healthy appearance. The absence of decay is a major 

component of high quality fresh fruit. Although consumers 

prefer good looking fruit, their satisfaction and repeat 

purchases also depend on good edible quality such as 

flavor, flesh texture and flesh color (Kader, 1985a). 

Arthey (1975), Hurst (1987) and Sistrunk and Moore (1983) 

explained in detail the elements of quality of 

horticultural commodities which covered appearance, shape, 
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color, condition, defect, texture, flavor, safety and 

nutrition. 

The quality of fresh produce continuously decreases 

as_the product moves from field to consumer. Major causes 

of quality reduction in horticultural commodities are 

mechanical and physical damage during harvesting and 

handling, delayed cooling and improper storage conditions, 

and inadequate packaging and stacking during holding and 

shipment (Hurst, 1987). All these factors contribute to 

the occurrence of weight loss, decay and some 

physiological disorders in fruit during storage. It was 

also emphasized that the mechanical and physical injuries, 

parasitic diseases and non-parasitic disorders are the 

major concern in postharvest losses of perishables 

(Ceponis et al., 1987; Ceponis and Butterfield, 1973; 

Coursey, 1983; and Wright, 1974). 

Color and appearance 

Color and appearance are the basis of market 

acceptance of most fruits (Sistrunk and Moore, 1983). 

Color of most fruits is often an indication of maturity 

and consequently of quality. 

The characteristic color of berries is due to the 

presence of various anthocyanin pigments (Eck, 1988; 

Jennings, 1988; Sapers et al., 1986; Sagi et al., 1974; 

Spanos and Wrolstad, 1987; and Torre and Barritt, 1977). 
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Torre and Barritt (1977) reported that the fruit of all 

red raspberries and blackberries contained cyanidin 3- 

glucoside. Cyanidin 3-rutinoside was present in some 

blackberries and in most red raspberries. While cyanidin 

3-sophoroside was only found in red raspberries. In 

blueberries, cyanidin 3-glucoside and cyanidin 3- 

galactoside made up 40% of the total anthocyanin in unripe 

fruit but malvidin 3-glucoside and malvidin 3-galactoside 

made up 60% of the total anthocyanin content in overripe 

fruit (Eck, 1988). However the color expression in fresh 

blueberries is determined primarily by the extent of waxy 

bloom on the berry rather than by its total anthocyanin 

content. Total anthocyanin contents of red raspberries 

(Sagi et al., 1974), blackberries (Sapers et al., 1986) 

and blueberries (Eck,1988) generally increase with fruit 

ripening. 

Fruit pH is probably the most important factor 

influencing the color of anthocyanin. Anthocyanins are 

chemical indicators that are red in acid solutions, violet 

or purple in neutral solutions and blue in alkaline ones 

(Jennings, 1988). 

Fruit appearance is not only determined by color but 

also by the condition of the fruits which includes 

bruises, shriveling and shape. Bruises may be due to 

improper handling while shriveling is always associated 

with moisture loss of the fruit after harvest. Most 
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commodities exhibit visual shriveling after losing about 3 

to 5% of their initial weight (Mitchell, 1985 and 1987). 

Texture 

All those properties of fruit apprehended by the 

eyes, touch or muscle senses of the mouth are considered 

texture (Arthey, 1975). Texture includes firmness, 

softness, tenderness, crispness, juiciness, fibrousness, 

grittiness and mealiness (Arthey, 1975; and Sistrunk and 

Moore, 1983). The texture of red raspberries and 

blackberries depends primarily on the size of the seeds 

and cohesion of the druplets (Arthey, 1975; and Jennings, 

1988) . The entanglement of epidermal hairs in conjunction 

with druplet number and surface area of contact between 

druplets cause the druplets to cohere (Jennings, 1988; and 

Robbins and Sjulin, 1989). This is analogous to "velcro" 

attachments on clothing. In red raspberries, the hairs 

appear to be the only cause of druplets cohesion. When 

some druplets on a fruit are large and others are small, a 

crumbly fruit results (Arthey, 1975). But in blackberries, 

the hairs are less profuse and consequently the druplets 

less compressed than in red raspberries (Jennings, 1988). 

However, red raspberries are more prone to berry 

disintegration since the fruit has a hollow core once 

harvested (Arthey, 1975; Green, 1971; and Jennings, 1988). 
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Generally, the size of the cell and the thickness of cell 

walls are likely to influence fruit texture (Arthey, 

1975). 

The texture of red raspberries, blackberries and 

blueberries is largely affected by maturity and cultivar 

(Arthey, 1975; Eck, 1988; Miller and McDonald, 1988; 

Robbins et al., 1989; and Sjulin and Robbins, 1987). Berry 

firmness is also affected by the duration of storage. The 

effects of storage time on fruit softening have been 

reported in red raspberries (Conway, 1986; Robbins et al., 

1989; Sjulin and Robbins, 1987; and Varseveld and 

Richardson, 1980) and blueberries (Miller and McDonald, 

1988) . 

Flavor 

The flavor of berries is determined by their content 

of sugars, acids and volatiles. Fructose and glucose are 

the main sugars in the fruits of red raspberry (Jennings, 

1988; Spanos, 1986; and Spanos and Wrolstad, 1987), 

blackberry (Jennings, 1988; and Wrolstad et al., 1980) and 

blueberry (Eck, 1988; and Kushman and Ballinger, 1968). 

They contribute the major soluble component of the juice. 

These sugars were normally found to increase during fruit 

development in blueberries (Kushman and Ballinger, 1968; 

and Woodruff et al., 1960) and then remained constant when 

the fruit is fully ripe (Woodruff et al., 1960). In red 
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raspberries, sugars measured as soluble solids content 

generally increased during storage (Conway, 1986; and 

Varseveld and Richardson, 1980). 

The main acid of red raspberries (Jennings, 1988; 

Spanos, 1986; and Spanos and Wrolstad, 1987) and 

blueberries (Kushman and Ballinger, 1968) is citric acid 

with a little malic acid present. In blackberries, citric 

acid is of little or no importance but isocitric acid is 

predominant and malic acid is present in minor amounts 

(Jennings, 1988; and Wrolstad et al., 1980). Total acid 

normally increases during fruit development and then 

decreases continuously as the fruits ripen (Jennings, 

1988; and Eck,1988). 

The sugar to acid ratio (SS/Ac) was found to increase 

significantly as the berry ripens (Eck, 1988). Ballinger 

et al. (1978) and Woodruff et al. (1960) found a close 

relationship between SS/Ac, stage of maturity, and shelf- 

life in blueberries. They found that fruit with high SS/Ac 

was prone to be affected by mold. Sugars and acids are 

important components of flavor in fruits since they 

determine the acceptable balance between sourness and 

sweetness (Sistrunk and Moore, 1983). 

A very large number of volatile compounds probably 

contribute to the odor and flavor of fruits. Large numbers 

of alcohols, hydrocarbons, carbonyls, esters, ketones and 

some miscellaneous compounds have been identified in red 
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raspberry fruits (Jennings, 1988). The aroma of all 

raspberries is very sensitive to heat and deep freezing. 

Mold 

Decay is the major factor limiting shelf-life of many 

fruits. In small fruits such as strawberry, red raspberry, 

blackberry and blueberry, the most important postharvest 

pathogen is the grey mold fungus Botrytis cinerea (Aharoni 

and Barkai-Golan, 1987; Ceponis and Cappellini, 1979; 

Dashwood, 1988; Mason and Denis, 1978; and Sommer et al., 

1973). Other fungi such as Mucor and Rhizopus species can 

be of considerable importance on strawberries and 

raspberries (Mason and Denis, 1978). In blueberries, the 

predominant decays are also caused by species of 

Alternaria and Colletotrichum (Ceponis and Cappellini, 

1979). 

The failure of preharvest sprays of fungicides to 

control postharvest decay on soft fruits, particularly by 

B. cinerea has been reported by many workers. Latent 

infection (Dashwood, 1988; Jarvis, 1962; and Mason and 

Denis, 1978) and development of resistance to certain 

fungicides (Jarvis and Hargreaves, 197 3) by this fungus 

are among the reasons. Aharoni and Barkai-Golan (1987), 

however, showed that field sprays with iprodione, 

metameclan and captafol effectively reduced B. cinerea 
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decay in strawberries during storage, especially when 

combined with plastic wrap. 

D. PACKAGING AND COOLING 

Consumer packaging 

Prepackaging or consumer packaging is the term used 

to denote the packaging of produce in individual consumer- 

size packages for retail sales (Hayes and Esselen, 1948). 

The use of prepackaging began in the 1940's (Kader et al., 

1989). There are three general forms of fresh produce 

consumer packaging: bags, tray or basket packs and sleeve 

packs. Each of these consumer packs has been discussed by 

Peleg (1985). Prepackaging berries in trays or baskets 

with plastic film covers has been tried and used 

commercially (Ahmedullah et al., 1989; Anderson and 

Hardenburg, 1959; Ayres and Denisen, 1958; Hruschka and 

Kushman, 1963; Miller et al., 1983; and Moulton, 1947). 

Available polymeric films used for these packages are 

listed (Hardenburg, 1971; and Kader et al., 1989). General 

requirements of using plastic films for packaging are also 

summarized (Kader et al., 1989; and Wills et al., 1989). 

However, due to its promising characteristics, 

polyethylene film is the most abundantly used plastic film 

packaging (Peleg, 1985). 
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Although originally fresh produce was packaged for 

making marketing more encouraging and efficient, consumer 

packaging has also proved to be beneficial for maintaining 

the quality and shelf-life, chiefly through providing 

protection against mechanical damage and moisture loss 

(Ben-Yehoshua, 1985; Hardenburg, 1971; Henig,1975; and 

Peleg, 1985) . 

Packaging should always be used along with 

refrigeration. Refrigeration is very important for 

consumer packaging because preparation for packaging may 

cause bruising or surface abrasion which may expose 

tissues to oxidation and microbial infection (Hardenburg, 

1971), particularly for perishable produce like berries, 

plums and peaches (Wills et al., 1989). 

Precooling, which is always necessary for 

horticultural produce, can be done before or after the 

produce has been packaged (Kader, 1985b; Mitchell, 1985; 

and Mitchell et al., 1972). The cooling rate is, however, 

influenced by the type of packaging material used and 

whether packages are sealed or perforated. 

A good package protects the contents during handling, 

transport, marketing and while packed in a master 

container. Different commodities may be susceptible to 

different types of mechanical injury. Plums are 

susceptible to vibration and strawberries are susceptible 

to compression and impact, while peaches are susceptible 
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to all those types of injury (Wills et al., 1989). Red 

raspberries and blackberries may be susceptible in the 

same way as strawberries. Thus, packing the fruits into 

consumer packages would protect the fruits from friction 

with other fruits and would reduce impact and compression 

among them as compared to when they are in bulk 

containers. Fruits in consumer packages can be immobilized 

either with plastic film cap or overwrapping with heat 

shrinkable or stretch films (Anderson, 1965; and Peleg, 

1985) . The benefits of sealed-packaging on wound healing 

and on reducing the incidence of blemishes on 

various fruits (mostly citrus) were also reported by Ben- 

Yehoshua (1985) and Golomb et al. (1984). 

Cooling of produce 

Rapid cooling, generally referred to as precooling, 

was introduced in early 1900s for long distance rail 

transport in the USA and for overseas fruit shipments 

(Wills et al., 1989). The term precooling normally 

encompasses any cooling treatment given to remove field 

heat rapidly from harvested fruits and vegetables prior to 

shipment, storage or processing. Cooling and cold storage 

are two separate^perjitigns (Mitchell, 1985) . Cooling 

requires many fold higher refriqerationcapacity than does 

cold storage. BotlL_fiSfili*ig~^^~Gcdd™§£3is^ 

airvelocity, but total moisture loss from the produce is 
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much affected in cold storage if relative humidity is not 

high enough (Summer, 1987; and Grierson and Wardowski, 

1978) . 

Rapid cooling may greatly reduce deterioration of 

fruits and vegetables between harvest and consumption. It 

is well known that temperature is the most important 

factor influencing deterioration rate of harvested 

produce. Fieldheat is the most obvious but also heat from 

respiration of the commodities affects quali^y^aridLfflarket 

shelf-life (Hardenburg et al., 1986; Summer, 1987; and 

Wills et al., 1989). 

Cooling methods 

There are several cooling methods available for use 

with horticultural commodities. They include air cooling 

(room cooling and forced-air cooling), hydrocooling, 

vacuum cooling and package icing. The importance and the 

operational features of each cooling method have been 

discussed  in detail by many authors (Bennett et al., 

1965; Guillou, 1960; Hardenburg et al., 1986; Hurst, 1987; 

Lodger, 1984; Mitchell, 1985; Mitchell et al., 1972; and 

Summer, 1987). In fruits, hydrocooling and forced-air 

cooli][ig^a:^,,h^ of_removing heat 

before storage. Hydrocooling is the most rapid method, but 

it has the dijsa^airtagj^j^jA^i:!^ 

not be used with the fruit packed in paper containers. 
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Forced-air cooling, besides being very fast, does not wet 

the fruits, and can be used with packed fruits. Fruits of 

X®d^_ra^EbarrXt-_stxawbe.rry^_b] 

usually _co6led_jtfith„the fojcc 

dLberrvL_and blueberry are 

3.aling_method 

(Hardenburg, et al. 1986; Hurst, 1987; and Kenny, 1975) 

Cooling rates 

The most common terminology for rate of cooling or 

cooling performance is half-cooling time which is the time 

required to reduce the temperature difference between 

produce and cooling medium by one half (Guillou, 1960; 

Wills, et al. 1989) (see Figure II.1). Theoretically, the 

half-cooling time is not dependent on the initial produce 
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temperature, and remains constant throughout the cooling 

period (Hardenburg et al., 1986; and Ryall and Lipton, 

1979) . Cooling rate is inversely reJLated to duratignjgf 

cooling/and the cooling curve is exponential. Therefore, 

once the half-cooling times have been determined for a 

given^enmodity and coolirig—SSnditionj prediction of 

cooling_accomplished in a certain interval is possible, 

regardless gf_ the temperature of the product or coolant 

(Hardenburg et al., 1986). Generally, produce is precooled 

to 3/4 or 7/8 cool for efficient—us-e—o^-preeooiing 

facilities or station, and the cooling time would be two 

or three times the half^cooling^time^ respectively. 

Type of package, the way the package is stacked and 

the location of produce inside the package, all affect the 

accessibility of the cooling medium to the commodity, thus 

influence the rate of cooling (Wills et al., 1989). Vented 

or perforated containers have been shown to influence 

cooling rate in fruits (Guillou, 1960; Perry et al., 1971; 

and Olsen et al., 1960). Closing the container during 

cooling clearly reduced rate of cooling (Grierson et al., 

1970). Venting of fiberboard box speeds cooling time by 

exposing some of the surface inside the box. Guillou 

(1960) used_the_ruleof thumb that for each 1 percent of 

lyces the cooling time by 

about 5 percent. When a polyethylene liner was used inside 
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the box, however, the rate of cooling was substantially 

reduced (Olsen et al., 1960; and Wang and Mellenthin, 

1976). 

Plastic films also influence the rate of cooling 

(Hardenburg, 1971; and Kader et al., 1989). Film-wrapped 

produce usually requires much longer cooling times than 

dpes unwrapped produce. Hardenburg (1971) noted that non- 

wrapped celery in crates cooled faster in a hydrocooler 

. compared to similar celery stretch-wrapped in pliofilm. 

The same result was also demonstrated on lettuce in 

cartons in vacuum cooler. Cooling time can be shortened by 

perforating the film. Vacuum cooling of wrapped lettuce 

was about as rapid as with non-wrapped lettuce when bags 

were perforated with a few holes (Hardenburg, 1971). 

Blueberries packed in a plastic 1-pint basket (grid type) 

and covered with light plastic mesh on top cooled four 

times faster than fruits in a 1-pint pulp cup covered with 

cellophane on top when precooled with liquid C02 (Rohrbach 

et al., 1984). 

Regarding the stacking of produce during cooling, 

Olsen et al., (1960) showed that the location within a 

stack influenced the cooling rate of fruit. Fruits_in the 

bottom layerof boxes cooled the^jnogt^rapidly. In a study 

rapidly than in the bottom flat with forced-air cooling 

(Perry et al., 1971). Cooling time is also a function of 
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location of the fruit in the carton with respect to the 

entering air. Fruits in the upper level of the top flat 

cooled more quickly than in the lower leveT~an3"~fruTCs in 

the lower level of a bottom flat cooled more quickly than 

in a corresponding upper level. Arifin and Chau (1987) 

also proved that the more down-stream the location of the 

fruit in the container, the longer was the cooling time. 

Cooling time is inversely related to fruitjsj.=zje. 

Larger fruits take longer to cool than smaller ones 

treated the same (Bennett et al., 1965; and Grierspn et 

al., 1970). This is because heat transfer from the bigger 

fruit to the cooling medium is slower than for the smaller 

Jfruit. 

The temperature difference between produce and 

cooling medium and air flow rate also affect the rate of 

cooling, as one would expect. Bennett et al. (1965) 

demonstrated that the cooling rate of peaches was 

increased when cooled in water of lower temperature than 

of higher temperature. He also stated that the temperature 

of warm fruit was reduced faster than that of cooler fruit 

of the same size in the same water. With regard to the air 

velocity during cooling, Arifin and Chau (1987) showed 

that high air flow rates shortened cooling time of 

strawberries, but the relationship was not linear. In 

apples, Wills et al. (1989) cited thatincreased air 

velocity also shortened half-cooling time. 
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»£hod_j..s_ also known to influence the 

rate of cooling. Hydrocooling, in which water is used as a 

cooling medium, cools the produce faster than air cooling 

(Summer, 1987; and Wills et al., 1989). Among the cooling 

methods which employ air as a cooling medium, forced-air 

cools faster compared to that of roomcooling _10lsen et 

al., 1960; and Wills et al., 1989). In vacuum cooling, the 

cooling rates vary depending on the design of the vacuum 

installation (Haas and Gur, 1987) and relate to capacity 

factors, such as pump velocities. 

Effects of packaging and cooling on quality 

Senescence and physiological injuries 

The rate of deterioration of harvested commodities is 

generally proportional to their respiration rate. The loss 

of stored reserves in the commodity during ripening means 

senescence is hastened, loss of food value to consumer, 

reduced flavor quality, especially sweetness, and loss of 

salable dry weight, particularly due to desiccation 

(Kader, 1985a). 

High temperature is known to increase C2H4 production 

and respiration rate of fruits and vegetables, 

consequently shortening postharvest life. For every 10oC 

rise in temperature, the rate of respiration is roughly 

doubled or tripled (Hardenburg et al., 1986; Mitchell, 
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1985; and Ryall and Lipton, 1978). For example, the 

respiration rates of blackberries, red raspberries and 

blueberries increase from 18-20, 18-25 and 2-10 mg C02/kg- 

hr, respectively, at 00C; to 31-41, 31-39 and 9-12 mg 

C02/kg-hr when temperature is increased to 10
oC 

(Hardenburg et al., 1986). Therefore, it is necessary to 

reduce respiration rate as low as possible without harm 

(such as freezing or chilling injury) to the tissue. Rapid 

cooling is a good practice to lower the product 

temperature quickly prior to storage or shipment so that 

physiological deterioration can be delayed. The positive 

effects of precooling in extending shelf-life and 

marketability has been shown on strawberries (Kenny, 1979; 

and Rose and Gorman, 1936) and blueberries (Ceponis and 

Cappellini, 1979; and Hudson and Tietjen, 1981). The 

beneficial effects of rapid cooling on respiration rate, 

flesh firmness, skin color and flavor quality were 

demonstrated on various fruits (peaches, plums, pears and 

apples) during storage and marketing (Anderson, 1965; 

Mitchell, 1987; Porritt, 1965; and Stow, 1988). 

Delays between harvest and cooling or storage nearly 

always reduces postharvest life of fruit. The detrimental 

effects of various delays in cooling have been shown in 

strawberries (Kenny, 1979), kiwi fruits (Harvey and 

Harris, 1986), apples (Anderson, 1965; D'Souza, 1989; 

Lidster and Porritt, 1978; and Walsh, 1978) and stone 
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fruits (Mitchell, 1987).  Cooling to low temperature also 

has a profound effect on the firmness of small fruits. In 

strawberry (Ourecky and Bourne, 1968; Pritts et al., 1987; 

and Rose and Gorman, 1936) and blueberry (Ballinger et 

al., 1973), the firmness  increased as fruit temperature 

decreased. Thus, rapid cooling may increase the resistance 

of fruit to mechanical damage during subsequent handling. 

An interesting feature of plastic film packaging is 

the possibility for alteration of the atmosphere within 

the package. The beneficial and detrimental effects of 

this modified environment on the shelf-life of produce has 

been reviewed extensively by many authors (Ben-Yehoshua, 

1985; Hardenburg, 1971; Kader et al., 1989; Sommer, 1982, 

1985a and 1985b) . Too high C02 and/or too low 02 level, 

always result in impaired quality such as off-flavor, off- 

odor and also may cause physiological injury to the 

packaged products. The type and thickness of plastic film 

used influences film permeability to such gasses. Several 

types of plastic film with different permeability to C02 

and 02 are available (Hardenburg, 1971; and Kader et al., 

1989), and new sophisticated types are being developed. 

Many studies have also been reported on the quality of 

fruits as well as on the rate of gas exchange in relation 

to the film thickness (Kawada, 1982; Purvis, 1983; and 

Whee-Cheon Kim, 1988). 
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Although almost all types of polymeric films are much 

more permeable (about 4 times) to C02 than to 02 

(Hardenburg, 1971; and Kader et al., 1989), they often are 

not suitable for use as a sealed package, especially for 

high respiring commodities. The C02 builds up and 02 is 

used up much faster in a tight, impervious package. 

Injurious C02 concentrations of 20% or higher are 

frequently found in tight packages at room temperature 

(Hardenburg, 1971). Hardenberg (1971) also noted that the 

films available at that time should be perforated in order 

to avoid possible injury from accumulated C02, too low 02 

or possible off-odor or off-flavor. There is no doubt that 

other factors such as maturity stage at harvest and 

handling practices of the produce after harvest, all 

influence the production of C02 and the consumption of 02 

in modified atmosphere packages. Some newer polymers can 

be completely sealed without adding perforations as there 

is adequate permeation of 02 and C02 through the film 

itself to avoid anaerobic condition. 

Moisture loss 

The loss of water from any given commodity is related 

to vapor pressure difference (VPD) of the air inside the 

commodity and of the air surrounding that commodity 

(Grierson and Wardowski, 1978; Mitchell, 1987; Robinson et 

al., 1975; and Thompson, 1985). 
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Weight loss and shriveling relate more to VPD than 

relative humidity (RH) during precooling but at constant 

temperatures, weight loss has a linear correlation with RH 

(Grierson and Wardowski, 1978). The internal atmosphere of 

fresh produce is nearly saturated, ie. 100% RH. The VPD is 

determined by temperature of both produce and air and RH 

of the air. Mitchell (1987) sagely advised that the 

initial VPD of fruit beginning to precool is probably 

greater than it was under warm, humid field conditions. 

This causes more rapid water loss to occur. However, as 

cooling proceeds, the VPD between inside and outside the 

fruit becomes smaller. When the fruit temperature equals 

the room temperature, the rate of water loss will be very 

small, provided that the RH is high. Thus, rapid cooling 

or minimizing delays in cooling is very important to 

reduce water loss. Moisture loss, however, will still 

occur when the RH of cooling room is lower than the RH of 

fruit. Mitchell (1985 and 1987) gave an example that warm 

fruit at 250C and 30% RH will lose water 36 times faster 

than it would at 00C and 90% RH. The effect of high RH and 

low temperature on the fruit weight loss during storage 

have been reported in apples (Anderson, 1965), 

strawberries (Pritts et al., 1987) and cherries and 

peaches (Sharkey and Peggie, 1984). 

Increasing air velocity during cooling has very 

little effect on weight loss when RH is high (Grierson and 



27 

Wardowski, 1978; and Mitchell et al., 1972). During 

temperature pull down, a high air velocity reduced cooling 

time (Arifin and Chau, 1987; and Focken and Meffert, 

1972), and resulted in less weight loss during cooling 

(Focken and Meffert, 1972). Weight loss, however, will be 

adversely affected when high air flow rate is 

unnecessarily maintained once low temperature is attained. 

No significant weight losses occurred on apple (Anderson, 

1965) and broccoli (Hackert et al., 1987) precooled by 

forced-air compared to other cooling methods. 

The main advantage of plastic film packaging in 

extending storage life of produce is to reduce evaporation 

of moisture through transpiration (Ben-Yehoshua, 1985; 

Hardenburg, 1971; and Sastry, 1985). This water loss, if 

extensive, is commonly associated with shriveling, 

shrinkage, drying and softening which affect the 

appearance of the produce. The effect of consumer 

packaging in retarding water loss and maintaining quality 

of various fruits and vegetables during storage has been 

reported by many workers (Anderson, 1965; Kenny, 1979; 

Peleg, 1985; Risse and McDonald, 1990; and Whee-Cheon Kim, 

1988). 

High RH within the package is the main reason for 

less weight loss during storage (Hardenburg, 1971; 

Grierson and Wardowski, 1978; Sharkey and Peggie, 1984; 

and Van den Berg and Lentz, 1978). However, humidity 
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approaching saturation inside the package may also be 

detrimental to some fruits or vegetables in the sense that 

it promotes decay development, especially when 

temperatures are favorable to fungal growth (Grierson and 

Wardowski, 1978; Robinson et al., 1975; and Sommer, 1982). 

Additionally, condensate forming on the fruit surface or 

on the inside surface of plastic film either in storage or 

after being exposed to ambient is believed to increase 

decay. Nevertheless, recent reports (Sharkey and Peggie, 

1984; and Van den Berg and Lentz, 1978) indicate that 

hiimidity levels approaching saturation within plastic 

packages reduced weight loss and shrivel, and increased 

firmness and shininess for many fruits and vegetables 

without an appreciable increase in decay. Cappellini et 

al. (1983) showed that moisture condensation on blueberry 

fruits after storage did not increase decay development. 

For decay-prone fruits, however, perforatiort of plastic 

films may be needed. With perforation, condensation in the 

package can be reduced and the RH can be controlled. 

Perforating the films also reduces cooling time of the 

produce. 

Decay 

Rapid cooling is important to control postharvest 

diseases and it has sometimes been described as a 

supplement to refrigeration. As reported by Sommer (1982 
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and 1985), the conditions of the fruit after harvest and 

during cooling or storage influence decay development. As 

the fruits mature, resistance to pathogens declines. The 

fruit becomes more susceptible to disease as it begins to 

ripen and it becomes increasingly susceptible when 

approaching senescence. Thus, low temperature, besides 

suppressing the growth of microorganisms directly, slows 

down the loss of resistance to disease infection by 

delaying fruit ripening. 

Injuries such as cuts, punctures and bruises are 

common entrances for fungal spores which will germinate if 

the temperature is favorable. Early germination of spores 

is very important in relation to delays in fruit 

cooling(Sommer, 1982 and 1985) . Cooling the fruit 

immediately to a lower safe temperature while the fungus 

is still in the early growing stage may result in fewer 

fungal lesions and delays their development. 

The degree of sensitivity to low temperature varies 

for different fungi. Some species of Rhizopus and 

Asperqillus stop growing at 5°C and germinating spores 

have been found to be killed at 0oC (Mitchell, 1985; and 

Sommer, 1985). Botrvtis cinerea is able to infect 

strawberries at 00C (Denis, 1983) and even sometimes at - 

3° to -40C (Sommer et al., 1973). Other fungi which are 

able to cause significant rot to berries at 0oC include 

the species of Alternaria and Cladosporium. Thus, it is 
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difficult to completely stop the fungi tolerant to 

refrigeration temperatures below 00C from growing without 

freezing the fruit. However, the rates of growth and 

spread of these organisms are greatly reduced at 0oC even 

though they still continue to grow, albeit very slowly. 

Prompt cooling is essential to minimize the problem 

of rotting on perishable commodities. It has been reported 

that rapidly cooled berries had much less incidence of 

decay than non-precooled or slowly cooled berries (Ceponis 

and Cappellini,1983 and 1979; and Hudson and Tietjen, 

1981;). In contrast, Pritts et al. (1987) demonstrated no 

measurable effect of the rate of cooling on quality of 

strawberries. Storage at low temperature also reportedly 

reduced mold growth in red raspberries and blackberries 

(Varseveld and Richardson, 1980). 
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CHAPTER III 

EFFECT OF DELAYED COOLING ON STORAGE QUALITY OF RED 

RASPBERRIES, BLACKBERRIES AND BLUEBERRIES. 

Ahmad Tarmizi Sapii and Daryl G. Richardson, 
Department of Horticulture, Oregon State University, 
Corvallis, OR 97331. 

Additional index words: Precooling, Rubus idaeus L, Rubus 
sp, Vaccinium corymbosum. composition. 

ABSTRACT 

Fruits of 'Amity' red raspberry, 'Chester' blackberry 

and 'Earliblue' blueberry were hand harvested and 

subjected 2, 4, or 8 hour delays before precooling at 0oC 

and then held at 0oC storage. Red raspberry, blackberry 

and blueberry fruits were cooled 2, 4 and 3.5 times 

faster, respectively, with forced-air cooling than with 

room cooling. Weight loss and decay generally increased in 

all types of berry as storage duration increased. Total 

anthocyanin only increased in red raspberries and remained 

constant in blackberries. Soluble solids (SSC) did not 

change in red raspberries and blackberries and slightly 

increased in blueberries during storage. Firmness of red 

raspberries initially did increase, however. Citric acid 

decreased in red raspberries and blackberries and slightly 

increased in blueberries. Malic acid generally remained 

unchanged in all berries during storage. 
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Cooling, treatments had no effect on decay, SSC and 

citric and malic acid concentrations of all types of 

berry, on weight loss of blackberries and on firmness of 

red raspberries during storage. Immediately room cooled 

fruits of red raspberry lost less weight than forced-air 

cooled fruits. But weight loss was higher in fruits of 4 

hr cooling delay after 15 days of storage. Blueberry 

weight loss was greater in fruits subjected to 8 hr delay 

before cooling. Delayed cooling increased total 

anthocyanin of red raspberries at later storage period but 

had no effect on blackberries during storage. 
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INTRODUCTION 

Small fruits are among the most perishable fruits due 

to their fragile structure and their high rate of 

respiration (Hardenburg et al., 1986; Spayd et al., 1984). 

The rapid respiration reported on the red raspberry 

(Hardenburg et al., 1986; Robbins et al., 1989; Robbins, 

1988; Varseveld and Richardson, 1980), blackberry and 

blueberry (Hardenburg et al., 1986) may contribute to the 

short postharvest shelf-life (Kader, 1985). Deterioration 

of berries in the market and storage always results from 

dehydration, discoloration and overripe, mushy, damaged, 

moldy, or spoiled fruits (Ayres and Denisen, 1958). More 

often, decay caused by fungal infection is the major 

factor limiting shelf-life of berries. Maturity stage at 

harvest also reportedly influences the quality and shelf- 

life of these delicate fruits (Ballinger et al., 1978; 

Sjulin and Robbins, 1987; and Woodruff et al., 1960). 

Due to the high perishability of fresh berries, 

extreme care is needed in handling of these fruits. Fruits 

of red raspberry, blackberry and blueberry are stored best 

at temperature between -O-S^ and 1.00C (Hardenburg et 

al., 1986; Hruschka and Kushman, 1963; Sjulin and Robbins, 

1987; Ballinger et al., 1978) and relative humidity of 90- 

95% (Hardenburg et al., 1986). The effect of storage on 

quality of these fruits has been reported previously 
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(Conway, 1986; Miller and McDonald, 1988; Morris et al., 

1981; Robbins et al., 1989; Robbins, 1988; Sjulin and 

Robbins, 1987; and Varseveld and Richardson, 1980). 

The benefits of rapid cooling on small fruits have 

long been recognized. Rose and Gorman (1936) found that 

precooling strawberries in shipment prolonged their shelf- 

life in the market chain. Rapidly precooling blueberries 

to temperature near 00C and maintaining that temperature 

during storage extended shelf-life and preserved the 

marketability of the fruit (Hudson and Tietjen, 1981). 

Smith (1957) reported that precooled red raspberry fruits 

showed superior condition at destination compared to non- 

precooled fruits. Rapid cooling gives an immediate 

inhibition to the growth of pathogens that can reduce 

decay loss. In the studies on highbush blueberries, Hudson 

and Tietjen (1981) found that fruit precooled to 20C had 

60 - 80% less decay than non-precooled fruit. Ceponis and 

Cappellini (1979) also showed that precooling blueberries 

to 1.50C reduced postharvest decay by almost 50% after 4 

or 10 days of storage plus 3 days at 210C. The 

effectiveness of modified atmosphere storage on 

blueberries was increased when accompanied with rapid 

cooling (Ceponis and Cappellini, 1979 and 1983). 

High temperature delays before cooling can result in 

shortened fruit shelf-life (Mitchell, 1987). In kiwi 

fruits (Harvey and Harris, 1986) and apples (Anderson, 
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1965; D'Souza, 1989; Lidster and Porritt, 1978; Liu, 1986; 

and Walsh, 1978), delayed cooling caused fruit softening 

during storage. In small fruits, Kenny (1979) indicated 

that precooling at 8 hr after picking considerably reduced 

storage life of strawberries compared to 3 hr after 

picking. 

Generally, there is not much information available 

regarding delayed cooling effect on shelf-life of small 

fruits. The objective of this study was to compare the 

method of precooling with various cooling delays and to 

determine their effect on storage quality of red 

raspberries, blackberries and blueberries. 
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MATERIALS AND METHODS 

•Amity' red raspberries and 'Chester' blackberries 

were obtained from commercial fields in Hillsboro, Oregon 

and from the North Willamette Experiment Station, Aurora, 

Oregon, respectively, in August 1989. Fruits of red 

raspberry were harvested at red-ripe stage(Sjulin and 

Robbins, 1987) and fruits of blackberry were harvested 

when they developed fully black color and could easily be 

detached from the plant. Fruits were placed directly into 

a 1/2-pint (0.23-Liter) unwaxed ventilated pulpboard 

container (10 x 10 x 3.4 cm high) and placed into a 

commercial cardboard flat (44 x 33 x 5 cm high) holding 12 

containers. 

'Earliblue' blueberries were obtained from a 

commercial field near Salem, Oregon in July 1989. Fruits 

were harvested following raining periods. Fruits which 

were full blue and still firm were hand picked into 1-pint 

(0.47-Liter) unwaxed ventilated pulpboard containers (10 x 

10 x 7.2 cm high) and placed into a commercial shipping 

flat (44 x 33 x 8.5 cm high) holding 12 containers. All 

the fruits of red raspberry, blackberry and blueberry were 

transported to the laboratory within 3 hr of harvest. 

After weighing, fruits were subjected to different 

cooling treatments. Two flats containing 24 containers of 

fruits were allocated for each treatment. Fruits were room 
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cooled or were forced-air cooled at 00C either with no 

delay, 2 hr delay or 4 hr delay at 200C, and then held at 

00C and 90-95% relative humidity (RH) for the remainder of 

the storage period. For blueberries, there was an 

additional treatment of 8 hr delay before forced-air 

cooling. For room cooling, fruits were placed in storage 

immediately upon arrival. In forced-air cooling, 4 empty 

flats with a flat containing fruits at the middle for each 

row were stacked in 2 rows far enough apart to accommodate 

the fan with tarp covering the gap between rows to create 

a tunnel. A portable fan of 1/6 horse power, 1725 rpm, was 

used to pull the cold air of the storage room through the 

fruits. The cold air velocity was about 1.0 m/s. Fruit 

temperatures were recorded during cooling by inserting 

temperature probes  into  fruits in a container located at 

the middle of the flat. The probes were connected to Ryan 

TempMentor temperature recorders and data were loaded into 

an IBM compatible computer for later plotting and 

calculation of half-cooling times. The initial 

temperatures for red raspberry, blackberry and blueberry 

fruits ranged from 20° to 230C, 2 6° to 290C and 21° to 240C, 

respectively. Forced-air cooling was carried out for each 

treatment for about 2 hr in the same storage room. 

Every container was capped with a commercially 

available polyethylene film of 1.0 mil thickness, 

perforated with seven 6mm-holes and secured in place by a 
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rubber band after overnight in storage. Evaluation of 

fruit quality was conducted at 0, 5, 10, 15 and 20 days of 

storage for red raspberries; 0, 5, 10 and 15 days for 

blackberries and 7, 14, 21 and 28 days for blueberries. 

Samples for chemical analyses were frozen in polyethylene 

bags. 

Out of 24 containers for each treatment, 4 containers 

were used for weight loss measurement, 16 containers for 

decay assessment and 4 containers for firmness measurement 

and chemical analysis. Firmness was measured on 5 berries 

from each container at each evaluation. Each container 

represented a replicate. Analysis of variance was employed 

at each level of storage and mean differences between 

treatments were compared by Fisher Protected Least 

Significant Difference (FPLSD) (Petersen, 1985) . Analysis 

of variance was also performed on completely randomized 

block split-plot design with cooling treatments as main 

plots and storage times as sub-plots. A Statgraphics 

software program was used for statistical analysis. 

The same samples were weighed at each storage period 

for weight loss determination. Percentage cumulative 

weight loss was calculated based on the initial weight of 

the samples. 

All berries in each container were examined for 

decay. Berries with obvious fungal infection, heavily 

•leaker' berries and very soft berries were considered as 
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decayed berries. Decayed berries were discarded at each 

examination. A cumulative number of decayed berries from 

previous storage periods and from a particular storage 

period were added for computing percentage decay. These 

data for red raspberries and blackberries were transformed 

to arcsine prior to analysis of variance (Steel and 

Torrie, 1960) . This was not done for blueberry since the 

number of fruits were about 200 in each container. 

Firmness measurements were done only on red 

raspberry. Firmness of 20 berries per treatment was 

measured with a Hunter Spring Mechanical Force Gauge 

(Series LKG-1, Ametek, Hatfield, PA), mounted vertically 

on a drill press (Univ. Calif. Firmness Tester). The force 

(in gram) required to close the opening of individual 

berry (compression) was recorded (Barritt and Torre, 

1980). Firmness data were not log-transformed prior to 

analysis of variance (Robbins and Sjulin, 1986) since the 

sample confirmed the assumption of variance homogeneity, 

and the berries were of quite similar maturity at harvest. 

Five to six fruits of red raspberry and blackberry 

and 15 to 20 fruits of blueberry were frozen at -20oC. 

Samples were thawed rapidly at room temperature for 2 to 3 

hr to minimize changes in anthocyanin content (Sapers et 

al., 1985). Ten grams of thawed sample were crushed in a 

test tube and thoroughly stirred with a spatula. The 

soluble solids content of undiluted juice was measured 
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with an Atago NL-1 hand-held refractometer. Crushed 

samples of red raspberry and blackberry were later used 

for total anthocyanin determination, while crushed samples 

of blueberry were used for organic acids determination. 

Total anthocyanin of red raspberry and blackberry 

samples were determined spectrophotometrically according 

to Torre and Barritt (1977) with slight modifications. 

Five ml of extracting solvent (95% ethanol:1.5 N HCL, 

85:15) was added to lOg of crushed sample, homogenized for 

1 min with a Polytron Homogenizer (Brinkmann Instruments, 

Westbury/ N.Y.). Homogenized sample was vacuum filtered 

through Whatman no. 1 filter paper in a Biichner funnel. 

Approximately 30 ml of extracting solvent was used to 

facilitate washing. The residue together with filter paper 

were transferred to a small beaker in which about 35 ml of 

extracting solvent was added and allowed to stand for more 

than 2 hr before the second filtering was applied. Another 

5 ml of extracting solvent was used to wash any remaining 

anthocyanin from the funnel and residue. The combined 

filtrates were then transferred to a 100 ml volumetric 

flask and brought up to volume with extraction solvent. 

Absorbance was read after the filtrate was diluted 10- 

folds, using a Bausch & Lomb Spectronic 2000 

Spectrophotometer at 533 nm. The reading was converted to 

total mg cyanidin 3-galactoside per 100 g fruit using the 

formula developed by Fuleki and Francis (19 68). Extracts 
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were kept at 4° to 50C for later use in organic acids 

determination. 

Organic acids were determined by high performance 

liquid chromatography (HPLC). Crushed blueberry sample 

(lOg) was homogenized in 10ml of 85% ethanol for 1 min. 

Homogenized sample was then centrifuged for 10 min at 

12000 x g. The supernatant was transferred to a 100 ml 

volumetric flask and made up to volume with 85% ethanol. 

For red raspberry and blackberry, acidified extracts were 

used for organic acids analysis. 

Five ml of berry filtrate was pH adjusted to 6.5 - 

7.0, then percolated through a column containing 3.5 ml 

Dowex SOW - X4 (T.J. Baker Chemical Co. Phillipsburg, 

N.J.) cation exchange resin, hydrogen form, 50 - 100 mesh, 

and then through a similar column containing 3.5 ml Dowex 

1 (Sigma Chemical Co. St. Louis, MO.), strong basic anion 

exchange resin, 50 - 100 mesh. Both columns (stacked over 

each other) were washed with 320 ml of distilled water to 

get rid the sugars. Under preliminary analysis, sugars 

were only detected in 2 ml fractions of the first 320 ml 

of eluate collected. Sugars were detected colorimetrically 

according to Dubois et al., (1959). The columns were then 

separated. Organic acids from the second column were 

eluted by 110 ml of 2N formic acid. The eluate was 

concentrated to dryness in a rotary evaporator under 

vacuum at SO^. The residue was dissolved in 2 ml of 
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0.002N H2S04 and filtered through a 0.2 /m millipore 

filter prior to HPLC analysis. 

Analyses were carried out using a Beckman Model 110A 

pump and a Beckman Altex Model 500 injector fitted with 

20-jLil loop, equipped with a Hitachi Model 100-10 

Spectrophotometer UV detector (210nm) and a 7.8 x 300 mm 

Aminex HPX - 87 organic acid column (Bio-Rad Laboratories) 

heated by a water jacket to 650C. The mobile phase was 

0.002N H2S04, filtered through a 0.2 /m millipore filter 

and degassed, at a flow rate of 0.6 ml/min. Peak areas 

were quantified with a Shimadzu Model CR-3A integrator. 

Organic acids were identified by comparison of their 

retention times with that of authentic standards (Figure 

III.l). 



43 

: I — .c 
i i r^ 1     1     1     1" T—r i   A   1 

-'" 
— -j— — :- 

i— - !~H_ -J::Uz: 
"I—i'~l— F i— r~ 

- | -|—|— — — ... i- 
j- 

■" 

— 5 
— _ — _.— -M -J— — I  

— 
>    — — 

f- ^- -J—I—|— — :5- — 
— 

i" - :- — — — .... —J... 
~\   LZ11 r _ —l— — — 

— - 

!- ... H — --. — 
— J— . 

:  

!- 
— — — 

. yl- 

= — 

 , 
i       t       11    1 

H—I—I— — — — 

  
ti— _ 

6- i i 

-i— —..— 
-^ 

.^^ 
—1 

1 

—\ "r lill" ~l i—— — 
— 

— —J— 
1 .... 

— 
-O- 

— 
— ... 1... - |        J-J- -i—i—]— — — — 

._. 
—! 1 

._ k —(—|- ||-r I    aAl 7- ~ 
... - — - - 

-3" 

— — — 
75..  1-     -L 

— 
— 

■- 

1- ... ... — 

i 

- 
1   r    "1 "1 " ~ 

n 

- 7 
• 

— ... 
A_ , 

._ 

"all 
1 — -    |- 

a;:, j ""' 

r   F 
— — 

-■ 

j- — 
. 

._. — 
.^ 1 J--   .■•- 

|  ! |7 .. 

n. 
— q 

i ~   i 
— 11 2 

^ 
Hi- 11 "   [ r~ — 

— — -•j 

1 ! 
- - - 

--I- -i-j \JB ff n 
TT- 

•-j 

i I 
i 1 t 1 1 0 ! I i 1P i i Is 

j     I     | 
0 

I^I 

Time, minutes 

Figure III.l. HPLC separation of organic acid 
standards. Peak identification : 1. Oxalic; 
2. a  -  Ketoglutaric; 3. Citric; 4. Tartaric; 
5. Malic; 6. Unknown, possibly Galacturonic; 
7. Unknown; 8. Succinic + Glutaric; 9. Fumaric; 
10. Acetic; 11. Levulinic; and 12. Propionic. 



44 

RESULTS 

Cooling rate 

The cooling times for red raspberries, blackberries 

and blueberries (see appendix Figures A.l through A.13) 

are summarized in Tables III.l, III.2 and III.3, 

respectively. The average half-cooling time and seven- 

eighths cooling time were 17 min and 50 min in red 

raspberries, 14 min and 41 min in blackberries and 28 min 

and 85 min in blueberries, respectively, for fruits 

precooled in the conditions of our forced-air cooler. 

Fruits of red raspberry, blackberry and blueberry were 

cooled 2, 4 and 3.5 times faster, respectively, with 

forced-air cooling compared to those cooled with room 

cooling. Room cooling rates were slower in blueberries and 

faster in red raspberries. 

Weight loss 

Red raspberries - The cumulative weight loss of red 

raspberry was about 50% lower in fruits of immediately 

cooled either with room cooling or with forced-air cooling 

compared to delayed cooling treatments at 5 days of 

storage (Figure III.2). At 10, 15 and 20 days of storage, 

however, the significantly lower (2-4.5%) and higher (4- 

7.5%) weight loss were observed on room cooled fruits and 

on fruits of 4 hr cooling delay, respectively. Fruits 
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without delay in cooling did not differ in weight loss 

with those cooled after 2 hr delayed. A strong correlation 

between delays in cooling and weight loss (r2 = 0.78, p = 

0.01) was found on fruits at 5 days of storage. At other 

storage periods, although the trends of positive 

correlation were observed, the relationship was weak. As 

expected, weight loss increased through the storage period 

up to an average of about 6 % (see appendix Table A.l). 

Blackberries - There was no significant differences 

in blackberry weight loss due to cooling treatment for all 

storage periods (Figure III.3). However, weight loss 

increased with increased storage period for all 

treatments. Percentage weight loss was considered low and 

was still below 2% during 10 days of storage. 

Blueberries - There was increased weight loss with 

increasing delay in forced-air cooling after 7 and 14 days 

of storage (Figure III.4). Weight loss was significantly 

greater (1.5%) in fruits with 8 hr delay and less (0.9%) 

in fruits with no delay in cooling at 14 days of storage. 

Percentage weight loss for fruits subjected to room 

cooling was comparable to those with 2 hr or 4 hr delays 

in cooling. Positive correlations between cooling delays 

and weight loss were observed on fruits at 7 days (r2 = 

0.72, p = 0.001) and 14 days (r2 =0.58, p = 0.001) of 

storage. The effect of delayed cooling on weight loss 

disappeared after 21 days of storage. Nevertheless, the 
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increasing trend in weight loss was observed throughout 

storage period regardless of cooling treatment (see 

appendix Table A.7). Weight loss, however, was below 3% 

for all treatment even at 28 days of storage. 

In general, red raspberries lost much more weight 

during storage than did blackberries and blueberries. At 2 

weeks of storage red raspberries lost weight about 2- to 

4-fold higher than blackberries and 5-fold higher than 

blueberries. 

Decay incidence 

There was no significant difference in fruit decay of 

red raspberries subjected to different delays in cooling 

(Figure III.5). Levels of decay were low (less than 3%) 

during the first 15 days of storage. Percentage decay 

increased tremendously thereafter to over 30%, 

particularly in fruits of 4 hr or longer cooling delay. 

Cooling the fruits immediately or after 2 to 4 hr 

delay had no effect on decay development in blackberry 

(Figure III.6). Mold growth was slower during the first 10 

days of storage and was still below 5%, except for the 

slower room cooling treatment which was about 6 percent. 

Blueberry fruits subjected to 8 hr delay before 

cooling had significantly higher decay (Figure III.7). 

Decayed fruits in the 8 hr delay were already above 10% at 

even 7 days of storage. Other treatments had less than 7 
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percent. However, percentage decay was not significantly 

correlated with different delays in cooling. The 

percentage of decayed fruits with 2 or 4 hr cooling delays 

were comparable to those of immediately cooled fruits 

either with room cooling or with forced-air cooling. 

As expected, the level of decay in red raspberry, 

blackberry and blueberry fruits increased as storage time 

increased. While red raspberries exhibited about a 15 day 

lag in the onset of decay, blackberries had about a 10 day 

lag, and blueberries began immediate decay. 

Berry firmness 

Berry firmness was measured only on red raspberries 

and the result is presented in Table III.4. There was no 

significant difference in firmness due to various cooling 

treatments, except at 20 days of storage where room cooled 

berries were significantly less firm than forced-air 

cooled berries. Delayed cooling had no apparent effect on 

berry firmness. Berry firmness remained constant during 

storage, except in room cooling, where firmness decreased 

after 15 days of storage. But the berries in storage were 

firmer than those before being cooled or stored at 0oC. 

Although the firmness of blackberry and blueberry 

fruits were not measured quantitatively, it was judged 

subjectively by gently squeezing between the fingers. 

Fruits of blackberry were generally still firm through the 
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storage period for all treatments. While for blueberry, 

the too soft fruits were culled as decayed fruits (data 

not shown). 

Anthocyanin concentration 

There were no differences among cooling treatments in 

total anthocyanin levels of red raspberries during the 

first 10 days of storage (Table III.5). The differences 

were only observed on fruits at 15 days of storage, with 

immediately cooled fruits containing significantly less 

anthocyanin than fruits after cooling delays. Two or 4 hr 

delays in cooling increased anthocyanin concentration by 

more than 50 percent. Anthocyanin level of room cooled 

fruits was identical with those of iitunediately forced-air 

cooled. Generally, total anthocyanin increased during 

storage in red raspberries. 

In blackberries, however, (Table III.6) delayed 

cooling had no effect on anthocyanin levels of the fruits. 

The levels also did not seem to increase during storage. 

In fact, the initial level before storage was 99.5mg/100g, 

a little higher (although not statistically significant) 

than after storage. Total anthocyanin also did not change 

during storage. 
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Soluble solids 

Different cooling delays exhibited no significant 

effect on SSC of fruits of all types of berries (Tables 

III.7, III.8 and III.9). The SSC did not increase after 

the fruits were harvested except in blueberries, the SSC 

in storage were slightly higher than at harvest (see 

appendix Tables A2, A.5 and A.7) . The levels were almost 

constant throughout storage period. 

Organic acids 

Citric and malic acid did not change with different 

delays in cooling for all types of berries (Table III.10, 

III.11 and III.12). When data from various cooling 

treatments were pooled, only citric acid showed a 

significant effect with storage time for all berries (see 

appendix Table A.3, A.6 and A.8). Citric acid content 

decreased by 40 % in red raspberries and by about 20% in 

blackberries, but slightly increased in blueberries. 
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DISCUSSION 

Most fruits can be air cooled either with room 

cooling or forced-air cooling method. But with forced-air 

cooling, fruits can be cooled very rapidly, usually in 

one-fourth to one-tenth the time required for room cooling 

(Hardenburg et al., 1986). This is particularly true for 

blackberries and blueberries in this study. Cooling rate 

is much affected by the type of container used and the 

size of fruit, particularly in room cooling, because cold 

air mainly moves around the container during cooling. In 

forced-air cooling, the cold air is forced to pass through 

and come in contact with individual fruit inside the 

container and cools the fruit rapidly by carrying heat 

away (Guillou, 1960; Hardenburg et al., 1986; Hurst, 1987; 

Lodger, 1984; Mitchell, 1985; Mitchell et al., 1972; and 

Summer, 1987). Blackberries that were in the same 

container size as red raspberries took a longer time to 

cool in room cooling. This was probably because fruits of 

blackberry were larger than that of red raspberry which 

have hollow cores. Heat transfer from larger fruit to the 

cooling medium is slower than from the smaller fruit 

(Bennett et al., 1965; Grierson et al., 1970). Blueberries 

which were placed in a 1-pint pulp container took longer 

to cool compared to red raspberries and blackberries which 

were placed in 1/2-pint pulp containers. This indicates 
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the restriction of cold air movement through a greater 

amount of fruits in a bigger container. Heat transfer from 

the fruits at the center of the container to the cold air 

around the container likely was slower. Arifin and Chau 

(1987) indicated that the more down-stream the location of 

fruit in the container, the longer is the cooling time. 

It was already expected that fruits of red raspberry, 

blackberry and blueberry lost weight almost linearly with 

storage time, regardless of cooling treatment. The same 

pattern was also reported on strawberry (Pritts et al., 

1987) . Generally, red raspberry lost much more weight than 

blackberry and blueberry. Robinson et al. (1975) showed 

that red raspberry fruit lost moisture about 2% faster 

than blackberry. Red raspberry (Green, 1971; and Robbins 

and Sjulin, 1989) and blackberry (Green, 1971) both 

consist of a number of single seeded druplets surrounding 

the receptacle. But harvested red raspberry fruit provides 

more surface-area to mass ratio due to the receptacle 

cavity.  Fruit with a large surface-area to mass ratio 

provides a large area through which moisture loss can 

occur (Sastry, 1985). Blueberry fruit, although it 

provides more surface area due to its smaller size and a 

heavy cuticular wax layer, may have resistance against 

transport of water vapor during cooling down (Focken and 

Meffert, 1972). Weight loss was also reportedly positively 

correlated with respiration rate in red raspberry (Robbins 
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et al., 1989). The respiration rate of red raspberry is a 

little higher than that of blackberry (Hardenburg et al., 

1986; and Robinson et al., 1975), while blueberry is the 

lowest (Hardenburg et al., 1986). 

Red raspberry fruits precooled with room cooling 

lost less weight than with forced-air cooling. This was, 

perhaps, due to the speed of air circulation in the room 

cooling being efficient enough to bring down fruit 

temperature close to cold room temperature within a short 

period of time. Our experimental cold chambers were 

designed with high cooling capacity. Commercial room 

cooling is probably much slower. Rapid reduction of vapor 

pressure difference inside and outside the fruit in the 

cooling room resulted in minimal weight loss as reported 

by others (Mitchell, 1987; and Mitchell et al., 1972). A 

high air velocity in forced-air cooling may to a certain 

extent affect moisture loss, though the cooling rate was 

high. However, the loss of fruit weight due to room 

cooling was comparable to that of forced-air cooling in 

blackberries and blueberries. For the fruit with waxy 

cuticle, the higher the air velocity, the shorter the 

cooling time and the smaller is the weight loss during 

cooling down, but not at a steady state condition, unless 

relative humidity is high (Focken and Meffert, 1972; and 

Grierson and Wardowski, 1978). Giiemes et al. (1989) 

reported that there was no correlation between weight loss 
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of strawberry and air flow rate, provided RH is kept high, 

near 95 percent. 

A higher weight loss due to delayed cooling was 

observed on red raspberry and blueberry but not on 

blackberry. In red raspberry, weight loss due to 2 hr 

delay in cooling seemed identical with no delay but 4 hr 

delay apparently caused greater losses in weight at all 

storage durations. However, the weight loss was still less 

than 6% up to 20 days of storage for 2 hr delay and up to 

15 days for 4 hr delay. Robinson et al. (1975) indicated 

that the maximum percentage of water loss before becoming 

unsalable were 6% for red raspberry and blackberry. In 

blueberry, the effect of delayed cooling was only obvious 

at the early storage period but until 28 days of storage, 

the percentage weight losses were still less than 3% for 

all cooling treatments. The visual shriveling of many 

fruits or vegetables is normally be seen after their 

weight losses exceeded 3 to 5 % (Mitchell, 1987 and 1985). 

Kenny (1979) observed that precooling at 8 hr after 

picking reduced storage life of strawberry compared to 3 

hr after picking, but the author did not show data 

supporting this observation. 

Generally, the occurrence of mold on small fruits 

after harvest increased as the storage time increased 

(Conway, 1986; Miller and McDonald, 1988; and Pritts et 

al., 1987). Development of decay was dramatically 
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suppressed in storage at low temperature (near 00C). The 

incidence of decay in red raspberries and blackberries 

increased very slowly during the first 15 days and 10 days 

of storage, respectively, and increased rapidly 

thereafter. During that early storage duration the decayed 

fruits were still below 3% in red raspberries and less 

than 5% in blackberries. In blueberries, however, decay 

increased quite linearly during storage, and at 7 days of 

storage, the spoilage had exceeded 10 percent. This is 

probably because blueberries contained high sugar and less 

acid. According to Ballinger et al. (1978), the SSC to 

acid ratio has relationship with decay development in 

blueberry fruits at low temperature storage. 

Alternatively, blueberries often leave a flap of broken 

tissue where the stem pulls from the fruit and it is at 

the stem scar where decay is always noted in blueberries. 

Rapidly precooling fresh berries to a temperature 

just above freezing and maintaining that temperature 

during the holding period appeared beneficial for 

suppressing decay development (Ceponis and Cappellini, 

1983 and 1979; Hudson and Tietjen, 1981; Kenny, 1979 and 

1975). Results from this study showed that there were no 

differences in percentages of decay on red raspberry, 

blackberry and blueberry fruits precooled with either 

forced-air or room cooling. Again, under our conditions 

room cooling was quite rapid compared to commercial 



55 

facilities. The cooling room used may be efficient enough 

to lower fruit temperature rapidly as to suppress mold 

growth, though its cooling rate was slower (about one- 

half) than in forced-air cooling. Delays in cooling after 

2 or 4 hr holding at ambient temperature showed no effect 

on decay development for all types of berries studied. The 

percentages of decay were comparable to those fruits 

precooled immediately before storage. An increase in decay 

was only shown on blueberries subjected to delayed cooling 

of 8 hr. This result contrasts with those found on kiwi 

fruits (Harvey and Harris, 1986). Cooling delays 2 or 4 hr 

after the fruits arrived in the storage room may still be 

reasonably safe for red raspberries and blackberries with 

regard to decay development during storage. 

Generally, the firmness of small fruits increased as 

fruit temperature decreased (Ballinger et al., 1973; 

Ourecky and Bourne, 1968; Pritts et al., 1987; Rose and 

Gorman, 1936; and Varseveld and Richardson, 1980). It was 

shown in this study that fruit firmness in red raspberry 

increased after placing in storage at 0oC and then 

remained constant until the end of storage. Only room 

cooled berries showed a decrease in firmness with longer 

storage duration. These results somewhat contradict with 

that reported by Conway (1986) and Robbins et al. (1989). 

The decrease in fruit firmness during storage was also 

observed on blueberry (Miller and McDonald, 1988) and 
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strawberry (Pritts et al., 1987). But in another report, 

Sjulin and Robbins (1987) showed that the firmness of red 

raspberry fruits increased or decreased during storage 

depending on harvest date. Varseveld and Richardson (1980) 

and Robbins (1988), however, reported that the fruit 

firmness in red raspberry increased at the early storage 

and then decreased thereafter. The increase in firmness 

might be due to transformation of cell wall pectines and 

temporary calcium bonding of pectic acid polymer 

(Varseveld and Richardson, 1980). 

Delayed cooling had no profound effect on fruit 

firmness of red raspberry during storage. Forced-air 

cooled fruits retained the same firmness throughout 

storage. This may have been due to fruit desiccation which 

was correlated with fast respiration rate of the fruit 

(Robbins et al., 1989). In other fruits such as apples 

(Anderson, 1965; D'Souza, 1989; Lidster and Porritt, 1978; 

Liu, 1986; and Walsh, 1978) and kiwi (Harvey and Harris, 

1986), the firmness decreased with increasing delay in 

cooling. 

The characteristic color of red raspberry and 

blackberry is due to the presence of various glycosides of 

cyanidin and pelargonidin anthocyanins (Spanos, 1986; 

Spanos and Wrolstad, 1987; Sapers et al., 1986; and Torre 

and Barritt, 1977). Total anthocyanin increased in red 

raspberry (Sagi et al., 1974) and blackberry (Sapers et 
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al., 1986) with fruit ripening. It was found in our study 

that the total anthocyanin increased significantly in red 

raspberry but not in blackberry fruit during storage. The 

increase in anthocyanin level in red raspberry was also 

reported elsewhere (Conway, 1986; Robbins et al., 1989; 

Robbins, 1988; and Sjulin and Robbins, 1987). Blackberries 

were harvested at full black stage and the fruits may have 

attained maximum anthocyanin level before storage. 

There were no effects of different delays in cooling 

on anthocyanin content of red raspberries during the first 

10 days of storage and on blackberries during the entire 

storage period. Fruits of red raspberry from 2 or 4 hr 

cooling delays showed an increase in total anthocyanin 

compared to immediately forced-air or room cooled fruits 

at longer storage periods. The basis for this increase is 

not clear, but this indicates that delayed cooling may 

accelerate fruit ripening. 

Fructose and glucose are the main sugars in the fruit 

of red raspberry (Spanos, 1986; and Spanos and Wrolstad, 

1987), blackberry (Wrolstad et al., 1980) and blueberry 

(Kushman and Ballinger, 1968). These sugars were normally 

increased during fruit ripening in blueberry (Kushman and 

Ballinger, 1968; and Woodruff et al., 1960) and then 

remained constant when the fruit fully ripe (Woodruff et 

al., 1960). Soluble solids content in red raspberries 

generally increased during storage (Conway, 1986; and 
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Varseveld and Richardson, 1980). Varseveld and Richardson 

(1980) speculated that increased in SSC during storage 

might be due to a concentrating of cell contents resulting 

from water loss. But SSC of red raspberry and blackberry 

fruits reported here did not change significantly during 

storage. However, the fruits of blueberry showed an 

increase in SSC at the beginning of storage and remained 

constant during prolonged storage. The SSC also remained 

unchanged in strawberries during storage at 0° or 50C 

(Kenny, 1979). Interestingly, SSC was found to decrease 

during prolonged storage of machine-harvested blackberries 

(Morris et al., 1981). Percent sugar was also found to 

decrease in blueberries at the beginning of storage, but 

then remained constant thereafter (Miller and Smittle, 

1987). 

Different delays in cooling showed no change in SSC 

of all types of berries used in this study. The same 

result was also obtained by Liu (1986) on apples. While in 

kiwi fruits, SSC reportedly increased with increased 

cooling delays in early storage period but this effect 

disappeared as storage time increased (Harvey and Harris, 

1986). No doubt it is significant for starch storing 

fruits like kiwis and apples. A high C02 production during 

storage also corresponds to the loss of sugars, sorbitol 

and organic acids in fruit (Ulrich, 1970). Organic acids 

are biosynthesized from sugars. Fruit cells are able to 
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use organic acids as respiratory substrate. Consequently, 

the high rate of C02 production may cause the loss of 

organic acids and sugars (Ulrich, 1970). In the majority 

of soft fruits, citric acid is the predominant acid 

(Kushman and Ballinger, 1968; Spanos, 1986; and Spanos and 

Wrolstad, 1987) but a notable exception is blackberries 

where isocitric acid is predominate (Wrolstad et al., 

1980). Malic acid is always the second most important 

organic acid. 

Both citric and malic acids did not change in 

response to different delays in cooling for all berries. 

The results corresponded well with constant levels of SSC 

of the fruits treated the same. Citric acid decreased in 

red raspberries and blackberries and increased in 

blueberries during storage. However, the slight increase 

in blueberries was negligible. The reduction in acidity in 

small fruits were also reported by many authors (Conway, 

1986; Robbins, 1988; and Varseveld and Richardson, 1980). 

While Miller and Smittle (1987) demonstrated that acidity 

decreased initially in blueberries but then remained 

relatively constant during storage. But acidity in 

strawberries did not change appreciably during storage 

(Kenny, 1979). In another study, a slight increase in 

acidity was shown on machine-harvested blackberries during 

storage at 360C (Morris et al., 1981). 
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Since the berries used in these studies were 

transported within 3 hr of harvest to the laboratory, it 

can be generalized that these berries were cooled 3 hr, 5 

hr, 7 hr or 11 hr after harvest before being placed in 

storage. While it might be concluded that delayed cooling 

of up to 7 hr after harvest did not show measurable 

effects on quality of red raspberry, blackberry and 

blueberry fruits during storage. This may not be accurate 

for commercial conditions. The most undesirable changes 

which occurred were related to the length of time in 

storage, not to different delays in cooling. Fungal 

spoilage was the main factor which caused deterioration of 

the berries. The results drawn from these studies may be 

useful for future research work. Refinement of this work 

needs to be conducted which involves market simulation 

studies and compares commercial operations. 
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Table III.l. One-half and seven-eighths cooling times for 
•Amity' red raspberries with room cooling compared to 
forced-air cooling at 0oC. 

Cooling time, min. 
Treatment 

1/2 cool      7/8 cool 

Room cooling 32 96 

Forced-air cooling 
No delay 16 48 

2 hr delay 18 54 

4 hr delay 16 48 

The initial fruit temperatures were 2 0° - 230C 



68 

Table III.2. One-half and seven-eighths cooling times for 
'Chester' blackberries with room cooling compared to 
forced-air cooling at 00C. 

Treatment 
Cooling time, min. 

1/2 cool      7/8 cool 

Room cooling 62 186 

Forced-air cooling 
No delay 16 48 

2 hr delay 16 48 

4 hr delay 9 27 

The initial fruit temperatures were 26° - 290C 
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Table III.3. One-half and seven-eighths cooling times for 
•Earliblue1 blueberries with room cooling compared to 
forced-air cooling at 0oC. 

Treatment 
Cooling time, min. 

1/2 cool      7/8 cool 

Room cooling       102 3 06 

Forced-air cooling 
78 

60 

96 

105 

The initial fruit temperatures were 21° - 240C 

No delay 26 

2 hr delay 20 

4 hr delay 32 

8 hr delay 35 
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Table III.4. Effect of delays in cooling on the firmness 
of 'Amity* red raspberries during storage at 0oC. 

Treatment 
Time in storage, days 

10 15 20 

Compression strength, g-force 

Room cooling 230 230 

Forced-air cooling 

230 166a 

No delay 230 264 218 205b 

2 hr delay 258 274 241 201b 

4 hr delay 237 299 258 220b 

NS NS NS 

Each value is the mean of 20 observations. Mean 
separation in each column by Fisher Protected LSD, 5% 
level. NS-not significant. 
zThe initial value was 167 g-force. 
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Table III.5. Effect of delays in cooling on total 
anthocyanin content of 'Amity' red raspberries during 
storage at 00C. 

Treatment 
Time in storage, days 

10 15 

Anthocyanin, mg/lOOg fresh wt.' 

Room cooling 38.6 32.5 32.4a 

Forced-air cool ing 
No delay 39.5 28.7 34.4a 

2 hr delay 37.9 28.7 56.7b 

4 hr delay 38.0 

NS 

31.5 

NS 

58.0b 

Each value is the mean of 4 observations. Mean separation 
in each column by Fisher Protected LSD, 5% level. NS-not 
significant. 
zThe initial value was 36.4mg/100g fresh wt. 
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Table III.6. Effect of delays in cooling on total 
anthocyanin content of 'Chester' blackberries during 
storage at 00C. 

Treatment 
Time in storage, days 

10 15 

Anthocyanin, mg/lOOg fresh wt. 

Room cooling 88.2 96.5 88.5 

forced-air cool ing 
No delay 81.3 97.6 86.8 

2 hr delay 96.9 96.2 87.0 

4 hr delay 85.0 82.0 79.5 

NS NS NS 

Each value is the mean of 4 observations. NS-not 
significant by Fisher Protected LSD, 5% level. 
zThe initial value was 99.5 mg/lOOg fresh wt. 
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Table III.7. Effect of delays in cooling on soluble 
solids content of 'Amity' red raspberries during storage 
at 00C. 

Treatment 
Time in storage, days 

10       15       20 

Soluble solids content, %z 

Room cooling   11.2      11.7     11.5     10.4 

Forced-air cooling 
No delay 11.1 11.0 10.4 10.3 

2 hr delay 10.5 10.9 10.3 11.1 

4 hr delay 10.7 11.0 11.2 11.0 

NS NS NS NS 

Each value is the mean of 4 observations. NS-not 
significant by Fisher Protected LSD, 5% level. 
zThe initial value was 11.2%. 
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Table III.8. Effect of delays in cooling on soluble 
solids content of 'Chester' blackberries during storage 
at 0oC. 

Treatment 
Time in storage, days 

10 15 

Soluble solids content, %2 

Room cooling 10.5 10.4 9.6 

Forced-air cool ing 
No delay 9.9 10.8 9.8 

2 hr delay 10.0 10.5 9.9 

4 hr delay 9.9 9.9 9.6 

NS NS NS 

Each value is the mean of 4 observations. NS-not 
significant by Fisher Protected LSD, 5% level. 
zThe initial value was 10.2%. 
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Table III.9. Effect of delays in cooling on soluble 
solids content of 'Earliblue' blueberries during storage 
at 00C. 

Treatment 
Time in storage,days 

14 21 28 

Soluble solids content, % 9.Z 

Room cooling 15.3 17.0 16.5 17.2 

Forced-air cooling 
No delay 17.0 17.8 18.2 17.9 

2 hr delay 18.4 17.9 17.4 18.0 

4 hr delay 16.6 15.7 16.4 17.7 

8 hr delay 16.5 16.6 16.2 17.8 

NS NS NS NS 

Each value is the mean of 4 observations. NS-not 
significant by Fisher Protected LSD, 5% level. 
zThe initial value was 15.7%. 
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Table III.10. Effect of delays in cooling on organic acid 
content of 'Amity' red raspberries during storage at 00C. 

Treatment 
Time in storage, days 

15 15 

Citric acidy    Malic acidz 

g/lOOg fresh wt. 

Room cooling 1.36 1.01 0.21 0.19 

Forced-air cooling 
No delay 1.22 0.97 0.16 0.18 

2 hr delay 1.26 0.84 0.24 0.12 

4 hr delay 1.52 1.06 0.19 0.14 

NS NS NS NS 

Each value is the mean of 3 observations. NS-not 
significant by Fisher Protected LSD, 5% level. 
y'zThe initial values were 1.62g/100g and 0.20g/100g fresh 
wt., respectively. 
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Table III.11. Effect of delays in cooling on organic acid 
content of 'Chester' blackberries during storage at 00C. 

Treatment 
Time in storage, days 

15 15 

Citric acidy    Malic acidz 

g/lOOg fresh wt. 

Room cooling      0.73 

Forced-air cooling 

0.58 0.22 0.20 

No delay 0.67 0.55 0.23 0.18 

2 hr delay 0.76 0.81 0.18 0.26 

4 hr delay 0.77 0.72 0.27 0.26 

NS NS NS NS 

Each value is the mean of 3 observations. NS-not 
significant by Fisher Protected LSD, 5% level. 
y'zThe initial values were 0.84g/100g and 0.26 g/lOOg 
fresh wt., respectively. 
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Table III.12. Effect of delays in cooling on organic acid 
content of 'Earliblue' blueberries during storage at 0oC. 

Treatment 
Time in storage, days 

28 7      28 

Citric acidy Malic acidz 

g/lOOg fresh wt. 

Room cooling    0.15    0.17 0.10    0.18 

Forced-air cooling 
No delay 0.16 0.22 0.12 0.14 

2 hr delay 0.21 0.24 0.11 0.12 

4 hr delay 0.19 0.19 0.11 0.13 

8 hr delay 0.25 0.24 0.11 0.12 

NS NS NS NS 

Each value is the mean of 3 observations. NS-not 
significant by Fisher Protected LSD, 5% level. 
y'zThe initial values were 0.16g/100g and 0.13g/100g fresh 
wt., respectively. 
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CHAPTER IV 

EFFECT OF PACKAGE TYPES ON COOLING TIME AND STORAGE 

QUALITY OF RED RASPBERRIES AND BLACKBERRIES 

Ahmad Tarmizi Sapii and Daryl G. Richardson 
Department of Horticulture, Oregon State University, 
Corvallis, OR 97331. 

Additional index words: Rubus idaeus L , Rubus sp, 
consumer packaging, composition. 

ABSTRACT 

Fruits of 'Meeker' red raspberry and 'Chester' 

blackberry were precooled in 5 different types of packages 

at 00C and placed in storage at the same temperature. The 

cooling times for both berries were fastest in open top 

packages followed by packages with pin-holed film caps. 

Weight loss and decay of both types of berries generally 

increased during storage while total anthocyanin increased 

initially and then remained constant. Citric and malic 

acid decreased in blackberries while in red raspberries, 

citric acid increased initially then remained constant 

where as malic acid did not change throughout storage. 

Soluble solids content (SSC) increased very slightly in 

red raspberries but did not change in blackberries. Fruit 

firmness was essentially unchanged in red raspberries 

during storage. 
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Package type had no effect on decay, total 

anthocyanin, SSC and citric and malic acid concentrations 

in both red raspberries and blackberries during storage. 

Weight loss of fruits although significantly greater in 

uncovered packages was generally not affected by package 

type. Red raspberries were found less firm in open top 

packages. 
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INTRODUCTION 

Packaging fresh produce in consumer units developed 

along with the growth of supermarkets. It is a convenient 

method of marketing a perishable commodity and is 

adaptable to present-day self-service retailing. Besides 

making marketing more efficient, consumer packaging also 

is beneficial in maintaining the quality and shelf-life of 

fruit, particularly from mechanical damage and moisture 

loss (Ben-Yehoshua, 1985; Hardenburg, 1971; Henig, 1975; 

Peleg, 1985 and Sastry, 1985). 

Blueberries were among the first fruits packaged in 

consumer units with transparent plastic film caps 

(Hruschka and Kushman, 1963). Presently, red raspberries 

and blackberries are also packaged in the same way as 

blueberries. The use of film caps over the berries is 

known to reduce waste from bruising, spilling and 

pilfering (Anderson and Hardenburg, 1959). Ayres and 

Denisen (1958) and Moulton (1947) considered cellulose 

acetate was a promising plastic film for packaging red 

raspberries and strawberries. Molded-pulp containers with 

film capping seemed generally suitable for packaging 

blueberries (Hruschka and Kushman, 1963). They showed that 

packaged blueberries held up well at 00C for 2 weeks. The 

film cap used for packaging may need to be perforated to 

avoid excessive accumulation of C02 and water vapor and 
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depletion of 02 inside the package. Ayres and Denisen 

(1958) noted that the reduction of free 02 inside the 

package, although it was low enough to have suppressed 

decay, was still suitable for fermentation by yeast. In 

modified atmosphere packaging where the 02 level dropped 

to 5.5% and C02 accumulated to 12.5%, strawberries 

developed fermented or wine-like flavor (Anderson and 

Hardenburg, 1959). Even in more permeable film, 

raspberries and strawberries developed wine-like odor 

after 4 or 5 days of storage (Ayres and Denisen, 1958). 

Reduction of moisture loss is the main advantage of 

quality maintenance of film packaged fruits. Less weight 

loss was reported on packaged fruits either overwrapped or 

capped with plastic film (Hruschka and Kushman, 1963; 

Kenny, 1979; Miller et al., 1983; and Moulton, 1949). 

However fruits in fully enclosed packages lost less weight 

than when only covered with plastic film or polystyrene 

cap (Miller et al., 1984; and Anderson and Hardenburg, 

1959). In general, weight loss was highest when berries 

were stored in plastic mesh or pulp molded containers and 

lowest in waxed chipboard containers (Hruschka and 

Kushman, 1963). But fruit weight loss was reduced 

significantly when packaged in a molded pulpboard basket 

rather than in styrofoam basket (Miller and McDonald, 

1988) . 
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Moisture condensation was found heaviest on the film 

which allowed the least weight loss (Hruschka and Kushman, 

1963). This condensation condition is believed to promote 

the development of decay for packaged products, 

particularly when no decay control agent was employed 

(Ahmedullah et al., 1989; and Ayres and Denisen, 1958). 

Generally, there seemed to be little or no relationship 

between the type of film or the type of container used and 

the amount of spoilage or moldy berries (Hruschka and 

Kushman, 1963; Miller et al., 1984; and Moulton, 1949). 

Hayes et al. (1948) found that the percentage of spoiled 

berries was not different when the fruits were either 

packed in sealed or punctured packages. Cappellini et al. 

(1983) showed that 'sweating* (condensation) the berries 

had no effect on decay development in package during 

storage. 

Most important, only high quality produce should be 

packaged because packaging cannot improve initial quality 

(Hardenburg, 1971). The type of package selected should 

also facilitate cooling (Richardson, 1988) . Little 

information is available on the relationship between 

package type and cooling rate and storage quality of fruit 

after being subjected to precooling. This study was aimed 

at determining the effect of different types of packages 

on rate of cooling and on quality of red raspberry and 

blackberry fruits during subsequent storage. 
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MATERIALS AND METHODS 

Fruits of 'Meeker* red raspberry were hand harvested 

from a commercial field in Lebanon, Oregon in July 1989. 

Red-ripe fruits as suggested by Sjulin and Robbins (1987) 

were filled directly into a hundred ventilated 1/2-pint 

pulpboard containers placed in 10 commercial paperboard 

flats. 'Chester' blackberries were hand-picked from a 

commercial field in Hillsboro, Oregon in August 1989 into 

120 l/2-pint pulpboard containers placed in 10 paperboard 

flats. All these berries were transported to the 

laboratory within 3 hr of harvest. 

In this test, fruits were subjected to five packaging 

treatments (see Figure IV.1). The treatments were PACK1 - 

container left uncovered as control; PACK2 - container was 

capped with a clear solid polystyrene plastic cover with 

four 7mm-holes ; PACK3, PACK4 and PACKS - containers were 

capped with perforated plastic films of 760 pin-holes, 

ninety Imm-holes or seven 6mm-holes per 100cm2 area, 

respectively. The plastic films of 1.0 mil thickness were 

secured by rubber bands around the containers. 

After weighing, packages were placed into the flats 

according to the treatment. Two flats containing 10 

packages of red raspberries or 12 packages of blackberries 

in each flat were allocated for each treatment. A total of 
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10 flats for each fruit type were randomly stacked in 2 

rows, 5 flats for each row, in the storage room at 0oC and 

90-95% RH for precooling. A thermocouple was fitted to a 

fruit in the middle container of every flat and another 

two thermocouples were hanging in the tunnel to record air 

temperatures. Fruit and air temperatures were recorded 

every 5 min by a Digital Temperature Recorder Model CR-5 

(Campbell Scientific Inc. Logan, Utah) during cooling. 

Forced-air cooling was accomplished in about 2 hr. Data 

were transferred into an IBM compatible computer. Rate of 

cooling for each packaging treatment was the average of 2 

readings. Fruits were kept in the same room for the 

remainder of the storage period. 

Fruits of red raspberry were evaluated for quality at 

0, 3, 7, 11, 15 and 19 days of storage. Blackberry 

evaluations were carried out at 0, 5, 10, 15, 20 and 25 

days of storage. At each storage period, fruits were 

evaluated for weight loss, decay, firmness (only on red 

raspberries), soluble solids content, total anthocyanin 

and organic acids. The methods of analyses were similar to 

that described in chapter III. In each treatment, 4 

packages were used for weight loss measurement and 4 

packages for chemical analyses and firmness. Firmness was 

measured on 5 berries from each package (thus, n-20   for 

each treatment). Decay was evaluated on 12 packages for 

red raspberry and 16 packages for blackberry. Each package 
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represented a replicate. Analysis of variance was employed 

for each storage period and mean values for treatments 

were separated by Fisher Protected Least Significance 

Difference (FPLSD) (Petersen, 1985). The statistical 

analysis was also carried out in completely randomized 

block split-plot design with packaging treatments as main 

plots and storage times as sub-plots. A Statgraphics 

Statistical Software program was used for analysis and 

plotting. 
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Figure IV.1. Berries in different package types. 
PACK1-container with no cover;  PACK2-container 
with four Tmm-holed clear polystyrene plastic 
cap;  PACK3-container with numerous pin-holed 
film cap (760 holes/100cm2);  PACK4-container 
with numerous Imm-holed film cap (90 holes/ 
100cm2); and PACKS-container with seven 6mm-holed 
film cap. 
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RESULTS 

Cooling rates 

Fruits of red raspberry and blackberry precooled in 

PACKl cooled faster than those precooled in other packages 

(Figure IV.2 and IV.3). Fruits in PACK3 were the second 

fastest for both berries. The half-cooling times for red 

raspberries and blackberries in PACKl were about 2 times 

faster than in PACK3 and 3 times faster than in PACK2, 

PACK4 and PACKS (Table IV.1 and IV.2). There were 

essentially no differences in cooling rate between fruits 

in PACK2, PACK4 and PACK5. 

Weight loss 

After most storage times, fruits of red raspberry 

that were packaged either in PACKl or PACK3 had slightly 

higher (about 0.3%) weight loss than fruits in other 

package types (Figure IV.4). Package type 2, 4 and 5 

generally maintained weight loss less than 3% up to 11 

days of storage. 

In blackberries, package type had no effect on weight 

loss until after 15 days of storage (Figure IV.5). 

Thereafter, fruits in PACKl and PACK2 had about 0.4 to 

1.0% more weight loss than the fruits in other packages. 
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Generally, weight losses were still below 3% at 15 days of 

storage for all package types. 

The cumulative weight loss generally increased almost 

linearly for both types of berry during storage. But 

blackberries lost only half that of red raspberries at 

corresponding storage period. Neither red raspberries nor 

blackberries showed any sign of shrivel even after losing 

about 5% moisture. In fact, the blackberry fruits were 

still firm and shiny at 25 days of storage, even though 

some of the fruits had changed from black to reddish 

black. 

Decay incidence 

Package types had no effect on mold growth for all 

storage durations for both red raspberries and 

blackberries (Figure IV.6 and IV.7). Red raspberries could 

be kept up to 15 days at 0oC with about 1.0% decay when 

all package type were combined. A drastic increase in 

decay was observed after 15 days of storage. 

Blackberries were more affected by decay during 

storage. The percentages of decayed fruits in blackberries 

were about twice that of red raspberries at 15 days of 

storage. But the levels of decay in blackberries were 

lower than in red raspberries at 2 0 days of storage, when 

red raspberries markedly increased in decay development. 
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Fruit firmness 

Fruit firmness was measured only on red raspberries 

and results are shown in Table IV.3. Package type had no 

effect on berry firmness during the first week of storage. 

The differences in firmness between package types were 

only observed after 11 days of storage but the results 

were not consistent.  However, berry firmness generally 

increased during storage. When the data were averaged over 

storage times (see appendix Table B.l), berries packaged 

in PACK1 were less firm. 

Chemical contents 

The levels of anthocyanin in red raspberries were 

generally not affected by the method of packaging (Table 

IV.4). Total anthocyanin was lower in red raspberry fruits 

packaged uncovered only at the storage period of 19 days. 

Anthocyanin levels of berries from other types of package 

were not significantly different. Packaging method also 

had no effect on total anthocyanin in blackberries (Table 

IV.5). The differences were only detected at the later 

storage period at which berries from PACK4 contained a 

little higher anthocyanin than those from other packages. 

There was a general trend of increasing anthocyanin 

levels during storage. Total anthocyanin clearly increased 

at the beginning of storage in both red raspberries and 
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blackberries. The initial anthocyanin content of red 

raspberries was about 28 mg/100 g, increased to between 32 

and 44 mg/100 g in storage. In blackberries, the level 

increased from 80 mg/100 g after harvest to between 98 and 

138 mg/100 g in storage. 

There were no significant effects of packaging on SSC 

of either red raspberries or blackberries (Table IV.6 and 

IV.7). In blackberries, although there were some 

differences at 25 days of storage, such differences would 

be negligible. Soluble solids content also did not change 

as storage time increased for blackberries. This was 

indicated by similar SSC at harvest and in storage. 

However, SSC of red raspberries increased very slightly 

during storage (see appendix Table B.2 and B.5). 

Table IV.8 and IV.9 show organic acid concentrations 

in red raspberries and blackberries, respectively. Results 

indicated that different types of packaging generally had 

no effect on both citric and malic acid contents of either 

type of berries. But in blackberries, both citric and 

malic acids were about 35 and 25% greater, respectively, 

in fruits packaged in PACK5 compared to other packages at 

5 days of storage. When the levels of each acid were 

combined over package type, storage time effect was 

observed on citric acid but not on malic acid in red 

raspberries. But in blackberries, the levels of both 

citric and malic acid decreased as storage time increased 
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(see appendix Table B.3 and B.6). Citric acid 

concentration was greater than malic acid in both berries. 
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DISCUSSION 

During forced-air cooling, the cold air is forced to 

pass around the individual fruits inside the container 

(Guillou, 1960; Hardenburg et al., 1986; Hurst, 1987; 

Lodger, 1984; and Mitchell, 1985;), carries heat away, and 

the fruit becomes cool. The cold air may flow faster among 

the fruits when there is not much obstruction such as by 

walls or covers of the container. Thus fruits with open 

top containers cooled in a very short time. Films with 

numerous pin-holes (PACK3) have relatively much higher 

percentage of perforation per surface area compared to 

other films used in this study. This probably allowed a 

little greater air flow rate among the fruits which 

resulted in shorter cooling times. Generally, the hallocks 

containing fruits are placed inside a master container 

during forced-air cooling. A master container should have 

at least 4% of the side surface area vented to air flow 

for effective cooling (Summer, 1987). 

Most fruits continuously lost weight during storage. 

The rate of weight loss varies depending upon morphology 

and skin structure of the fruit. A higher weight loss 

normally occurs on fruit with a large surface-area - to 

mass ratio (Sastry, 1985) and fruit with less resistance 

against transport of water vapor during cooling (Focken 

and Meffert, 1972). Blackberries generally lost less 
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weight than red raspberries. This was in agreement with 

that reported by Robinson et al., (1975). Red raspberry 

fruits provide a large surface area relative to their 

weight due to the receptacle cavity. 

Generally, PACK1 (open top package) contributed to a 

slightly higher weight loss in both red raspberries and 

blackberries during storage. A higher weight loss was 

expected since there was no barrier to protect moisture 

from evaporating to the surrounding atmosphere. However, 

the difference in weight loss compared with other package 

types is fairly small since all the plastic films and 

solid polystyrene plastic caps used were perforated. If 

plastic film with no perforation was applied, the 

difference in weight loss compared to uncapped containers 

would be greater. Weight loss of berries was reduced to 

one-half or less by film caps compared to that occurring 

from open top containers (Hruschka and Kushman, 1963; and 

Anderson and Hardenburg, 1959). Moulton (1949) reported 

much more moisture loss occurred from strawberry in 

unwrapped packages than in film capped packages. 

Overwrapping or entirely wrapping the container was more 

effective to reduced moisture loss (Kenny, 1979; and 

Miller et al., 1984). A high RH in the package due to 

moisture evaporation from fruit may be the main reason 

that the produce lost less weight during storage (Grierson 

and Wardowski,1978; Hardenburg, 1971; Sharkey and Peggie, 
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1984; and Van den Berg and Lentz, 1978). Moisture loss 

from red raspberry fruits in packages with film caps of 

different perforation generally occurred in the same 

manner as for blackberries in corresponding package type. 

In fact, Hayes et al. (1948) indicated no difference in 

weight loss when packages were punctured compared to 

sealed packages. 

The increase in decayed fruit of both red raspberry 

and blackberry were related more with the duration of 

storage rather than with packaging treatments. Pritts et 

al. (1987) also showed the same trend in strawberry. Most 

researchers found that the type of film or the type of 

container used for a consumer packaging has little or no 

effect on the development of decay in strawberry (Moulton, 

1949) and blueberry (Miller et al., 1984; and Hruschka and 

Kushman, 1963). However, Anderson and Hardenburg (1959) 

reported that decay was generally slightly lower in 

strawberries in film over-wrapped baskets than in capped 

baskets but was lowest in open top baskets. Plastic 

containers generally resulted in less spoilage of 

strawberries and raspberries than wooden boxes (Ayres and 

Denisen, 1958). The use of decay control agents is 

possible to reduce decay, particularly in sealed film 

packages (Ahmedullah et al., 1989; and Ayres and Denisen, 

1958). 
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Although the firmness of red raspberries differed 

significantly among the package types at later storage 

times, the result was not consistent. But when data were 

averaged over storage times, berries in PACK1 were found 

15% less firm than berries in other packages. The 

reduction in berry firmness may be due to berry 

desiccation since moisture loss can cause the berry to 

shrink or shrivel. Varseveld and Richardson (1980) 

suggested that the transformation of cell wall pectin and 

temporary calcium bonding of pectic acid polymer may cause 

increase fruit firmness. 

Normally, lower fruit temperature results in 

increased firmness of small fruits (Ballinger et al., 

1973; Ourecky and Bourne, 1968; Pritts et al., 1987; Rose 

and Gorman, 1936; and Varseveld and Richardson, 1980). Red 

raspberry fruit in this study showed a slight increase in 

firmness throughout the storage period. Varseveld and 

Richardson (1980) and Robbins (1988) also demonstrated 

increased red raspberry fruit firmness but only at the 

beginning of storage which later decreased through the 

remainder of the storage period. Other workers have 

reported that the firmness of small fruits generally 

decreases during storage (Conway, 1986; Miller and 

McDonald, 1988; Robbins et al., 1989; and Sjulin and 

Robbins, 1987). 
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The presence of various glycosides of cyanidin and 

pelargonidin anthocyanins is responsible for the 

characteristic color of red raspberry and blackberry 

(Sapers et al., 1986; and Torre and Barritt, 1977). Total 

anthocyanin in red raspberry (Sagi et al., 1974) and 

blackberry (Sapers et al., 1986) normally increases with 

fruit development and ripening. 

There generally seemed no effect of packaging method 

on fruit ripening of red raspberry and blackberry. Total 

anthocyanin did not change in these berries with respect 

to package type over most storage periods. In strawberry, 

fruits wrapped with film either as a cap or overwrap were 

better in appearance than those in open top baskets 

(Anderson and Hardenburg, 1959). But this did not 

necessarily relate to anthocyanin content of the fruit. 

Anthocyanin level, however, generally increased in fruit 

of red raspberry during storage (Conway, 1986; Robbins, 

1988; Robbins et al., 1989; and Sjulin and Robbins, 1987). 

In this study, total anthocyanin increased after harvest 

and then remained constant during storage for both types 

of berry. 

Fructose and glucose are the main sugars in red 

raspberries (Spanos, 1986; and Spanos and Wrolstad, 1987) 

and blackberries (Wrolstad et al., 1980). Method of 

packaging showed no effect on sugar content of either red 

raspberries or blackberries during storage. This was 
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indicated by no significant changes in SSC corresponding 

to different package types at each storage period. 

Consumer packaging type also had no effect on sugar 

content of blueberries (Miller et al., 1984). Hardenburg 

et al. (1953) showed that there was no significant 

difference in total sugar or sucrose between packaged or 

non-packaged lots of carrots. 

Soluble solids content increased very slightly only 

in red raspberries during storage. The increase in SSC was 

also reported by Conway (1986) and Varseveld and 

Richardson (1980). Sugar content of blackberries did not 

change after harvest. 

Citric acid is the predominant acid in the majority 

of soft fruits (Kushman and Ballinger, 1968; Spanos, 1986; 

and Spanos and Wrolstad, 1987). But in blackberries, 

isocitric acid is predominant (Wrolstad et al., 1980). 

Malic acid has the second highest concentration in most 

berries. Type of package had no effect on citric and malic 

acid content of red raspberries and blackberries during 

storage. Moulton (1947) reported no difference for total 

acidity between types of container or kinds of wrap used 

on strawberry. Citric acid concentration increased in red 

raspberries at the beginning of storage and remained 

constant thereafter, but malic acid remained unchanged 

during storage. In blackberries, both citric and malic 

acids decreased during storage. The decline of acidity in 
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soft fruits during storage has also been reported 

previously (Conway, 1986; Robbins, 1988; and Varseveld and 

Richardson, 1980). Miller and Smittle (1987) found that 

acidity decreased initially in blueberries but then 

remained relatively constant during storage. In 

strawberries, acidity did not change during storage 

(Kenny, 1979). Interestingly, Morris et al. (1981) showed 

a slight increased in acidity for machine-harvested 

blackberries during storage. They suggested that the 

formation of volatile acid produced during fermentation 

may cause an increase in acidity of the fruit. 

Regardless of package type, 'Meeker* red raspberries 

and 'Chester' blackberries could generally be stored up to 

19 days and 2 0 days, respectively, at 00C with average 

decay of 5% or less. The percentage weight loss was about 

5% during such storage periods. Fruit appearances were 

generally acceptable for both types of berry at the time 

of examination. The fruits were becoming unsalable when 

they lost moisture of 6% or more (Robinson et al., 1975). 

The effect of film caps on moisture condensation on the 

inside surface of films used, however, was not evaluated. 

This is particularly important when packaged fruits are to 

be transferred to display shelves in the market. Thus, 

further studies need to be done to evaluate the packages 

with film caps of different perforation on the quality of 

berries during market simulation conditions. 
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Table IV.1. One-half and seven-eighths cooling times for 
'Meeker1 red raspberries subjected to different package 
type during forced-air cooling at 00C. 

Package           Cooling time, min. 
type   

1/2 cool      7/8 cool 

PACK1 10 3 0 

PACK2 3 0 90 

PACK3 20 60 

PACK4 3 0 90 

PACKS 30 90 

Each value is the mean of 2 observations. 
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Table IV.2. One-half and seven-eighths cooling times for 
•Chester' blackberries subjected to different package 
type during forced-air cooling at 0oC. 

Package 
type 

Cooling time, min. 

1/2 cool 7/8 cool 

PACK1 12 36 

PACK2 34 102 

PACK3 29 87 

PACK4 33 99 

PACKS 33 99 

Each value is the mean of 2 observations. 
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Table IV.3. Effect of package type on the firmness of 
■Meeker* red raspberries during storage at 00C. 

Package 
type 

Time in storage, days 

11 19 

Compression strength, g-force 

PACK1 106 116 121b 122ab 

PACK2 125 160 146b 151c 

PACK3 128 138 132b 162c 

PACK4 106 138 126b 110a 

PACKS 135 

NS 

142 

NS 

105a 156bc 

Each value is the mean of 20 observations. Mean 
separation in each column by Fisher Protected LSD, 5% 
level. NS-not significant. 
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Table IV.4. Effect of package type on total anthocyanin 
content of 'Meeker* red raspberries during storage at 
0oC. 

Package 
type 

Time in storage, days 

3 7 11 19 

Anthocyanin, mg/lOOg fresh wt.z 

PACK1 32.1 42.7 39.4 36.3a 

PACK2 35.8 41.7 39.2 45.1b 

PACK3 40.8 38.8 39.0 41.3b 

PACK4 37.5 42.7 39.7 43.6b 

PACK5 35.9 41.0 43.0 43.8b 

NS NS NS 

Each value is the mean of 4 observations. Mean separation 
in each column by Fisher Protected LSD, 5% level. NS-not 
significant. 
zThe initial value was 28.2 mg/lOOg fresh wt. 
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Table IV.5. Effect of package type on total anthocyanin 
content of 'Chester' blackberries during storage at 0oC. 

Package 
type 

Time in storage, days 

5 10 15 25 

Anthocyanin, mg/ lOOg fresh wt.z 

PACK1 101.4 119.0 112.1 114.9a 

PACK2 103.7 106.9 104.0 102.1a 

PACK3 99.7 97.9 128.5 105.6a 

PACK4 106.7 117.7 119.7 137.8b 

PACKS 100.8 104.2 116.3 118.Sab 

NS NS NS 

Each value is the mean of 4 observations. Mean separation 
in each column by Fisher Protected LSD, 5% level. NS-not 
significant. 
zThe initial value was 79.6 mg/lOOg fresh wt. 
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Table IV.6. Effect of package type on soluble solids 
content of 'Meeker* red raspberries during storage at 
00C. 

Package 
type 

Time in storage, days 

11 19 

Soluble solids content, %2 

PACK1 

PACK2 

PACK3 

PACK4 

PACKS 

12.1 12.3 12.6 

12.7 12.6 12.7 

13.0 12.8 12.4 

12.4 12.8 12.6 

12.6 13.4 12.3 

NS NS NS 

Each value is the mean of 4 observations. Mean separation 
in each column by Fisher Protected LSD, 5% level. NS-not 
significant. 
zThe initial value was 12.0%. 
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Table IV.7. Effect of package type on soluble solids 
content of 'Chester' blackberries during storage at 0oC. 

Package 
type 

Time in storage, days 

5 10 15 25 

Soluble solids content, %z 

PACK1 7.8 7.8 8.0 7.7ab 

PACK2 7.5 7.4 7.3 7.5ab 

PACK3 8.1 7.7 7.9 6.8a 

PACK4 8.4 8.5 8.0 8.4b 

PACKS 8.3 7.6 7.5 7.1a 

NS NS NS 

Each value is the mean of 4 observations. Mean separation 
in each column by Fisher Protected LSD, 5% level. NS-not 
significant. 
zThe initial value was 7.9%. 
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Table IV.8. Effect of package type on organic acid 
concentration of 'Meeker' red raspberries during storage 
at 00C. 

Package 
type 

Time in storage, days 

19 19 

Citric acidy    Malic acidz 

g/lOOg fresh wt. 

PACK1 

PACK2 

PACK3 

PACK4 

PACKS 

0.94 1.17 0.33 0.29 

1.21 0.72 0.21 0.17 

1.02 1.31 0.16 0.25 

1.27 1.25 0.25 0.19 

1.25 1.26 0.36 0.29 

NS NS NS NS 

Each value is the mean of 3 observations. Mean separation 
in each column by Fisher Protected LSD, 5% level. NS-not 
significant. 
y'zThe initial values were 0.76g/100g and 0.22g/100g, 
respectively. 



114 

Table IV.9. Effect of package type on organic acid 
concentration of 'Chester' blackberries during storage at 
00C. 

Package 
type 

Time in storage, days 

25 25 

PACK1 

PACK2 

PACK3 

PACK4 

PACKS 

Citric acidy    Malic acidz 

g/lOOg fresh wt. 

0.83a 0.70 0.47a 0.25 

0.88a 0.61 0.49a 0.24 

0.97a 0.61 0.48a 0.25 

l.llab 0.67 0.45a 0.23 

1.46b 0.77 0.64b 0.25 

NS NS 

Each value is the mean of 3 observations. Mean separation 
in each column by Fisher Protected LSD, 5% level. NS-not 
significant. 
y'zThe initial values were 0.90g/100g and 0.48g/100g, 
respectively. 
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CHAPTER V 

CONCLUSIONS 

Major conclusions which can be drawn from these 

studies under our storage room conditions are as follows: 

1. The quality of red raspberries, blackberries and 

blueberries was much more dramatically affected by the 

length of time in storage rather than by delays in cooling 

or package types. 

2. Weight losses generally increased linearly in 

storage at 00C, and were approximately 2.1%, 1.4%, and 

0.7% per week for red raspberries, blackberries and 

blueberries, respectively. 

3. Decay generally increased during storage and was 

the most important factor limiting the storage life of 

these berries. 

4. Other factors such as berry firmness, total 

anthocyanin, soluble solids and organic acids were not 

much affected during storage at 00C. 

The forced-air cooling methods proved to lower berry 

temperature much faster than room cooling, particularly 

for larger berries or berries in larger containers. Fruits 

of red raspberry and blackberry were cooled from 220C to 

temperatures close to 00C in 1.5 hr and 3.0 hr, 

respectively, in 1/2-pint pulpboard containers, with room 
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cooling. While with forced-air cooling, both fruits were 

cooled in about 50 min. Blueberries in 1-pint containers 

were cooled in about 5 hr with room cooling and about 1.5 

hr with forced-air cooling. However, these marked 

differences in cooling rate had no profound effect on 

overall berry quality during storage. Delayed cooling also 

showed little effect on berry quality during storage. 

Packaging the berries with plastic films reduced the 

rate of cooling and thus increased cooling time. The 

cooling rate of berries packaged in pulpboard containers 

without covers were the fastest, followed by berries 

packaged in containers with numerous pin-holed film caps. 

However, the differences in cooling times were small since 

all packages were capped with perforated plastic films or 

polystyrene plastic covers. Different package types used 

in this study had little effect on overall berry quality 

during storage. 

'Amity' and 'Meeker' red raspberries could be kept 

up to 15 days at 0oC with less than 3% decay, and weight 

loss still below 5 percent. 'Chester' blackberries could 

be stored up to 10 days in the first study and 2 0 days in 

the second study with less than 4% decay, and weight loss 

less than 2% and 4%, respectively. The storage time for 

blueberries in this study was very short. At 7 days of 

storage, the percentage decay was already about 5 percent. 

Normally, blueberries can be expected to hold much longer 
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than this. Rains preceding harvest likely resulted in 

earlier and more extensive decay. 
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Figure A.l. Cooling rate for 'Amity' red raspberries 
subjected to room cooling at 00C. 
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Figure A.2. Cooling rate for 'Amity' red raspberries 
subjected to forced-air cooling at 00C. 
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Figure A.3. Cooling rate for 'Amity' red raspberries 
subjected to forced-air cooling at 00C after 2 hours 
delay at room temperature. 
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Figure A.8. Cooling rate for 'Chester' blackberries 
subjected to forced-air cooling at 0oC after 4 hours 
delay at room temperature. 
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Figure A.9. Cooling rate for 'Earliblue1 blueberries 
subjected to room cooling at 0oC. 
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Figure A.10. Cooling rate for 'Earliblue' blueberries 
subjected to forced-air cooling at 00C. 



139 

o o o 

21- 

19- 

17-1 

15- 

13-| 

11- 

9- 

7- 

5- 

3- 

1- 

1/2 COOL 

—T— 
20 40 

—I— 
60 

—I— 
80 100 120 140 160 

COOLING TIME,  MIN. 

Figure A.11. Cooling rate for 'Earliblue' blueberries 
subjected to forced-air cooling at 00C after 2 hours 
delay at room temperature. 
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Figure A.12. Cooling rate for 'Earliblue' blueberries 
subjected to forced-air cooling at 00C after 4 hours 
delay at room temperature. 
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Figure A.13. Cooling rate for 'Earliblue' blueberries 
subjected to forced-air cooling at 0oC after 8 hours 
delay at room temperature. 
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Table A.l. Cooling treatment and storage time effects on 
the weight loss, decay and firmness of 'Amity' red 
raspberries stored at 0oC. 

Criterion   Weight Decay Firmness 
loss 

% % g-force 

Cooling Treatment (C) 

Room cooling  2.4 6.4 205 

Forced-air cooling 
No delay      3.3 6.9 216 

2 hr delay    3.1 6.3 229 

4 hr delay    3.8 7.5 236 

Storage Time (S) 

0 day 0.0 0.0 

5 days 1.8 0.2 

10 days 3.1 0.9 

15 days 4.7 2.6 

2 0 days 5.9 30.2 

Significance of F ratio from ANOVA 

MSE(C) 0.23 
C ** 

MSE(S, C X S) 0.08 
S ** 
C X S ** 

167 

239 

268 

237 

198 

63.38 13513 
NS NS 

28.03 4147 
** ** 
NS NS 

Decay was analysed on Arcsine-transformed data. 
MSE - mean square error; NS, *, ** - not significant, 
significant at 5% and 1% level, respectively. 
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Table A.2. Cooling treatment and storage time effects on 
total anthocyanin and soluble solids content of 'Amity' 
red raspberries stored at 00C. 

Criterion    Anthocyanin SSC 

mg/lOOg fresh wt. % 

Cooling Treatment (C) 

Room cooling     3 5.0 11.2 

Forced-air cool mg 
No delay 34.8 10.8 

2 hr delay 41.0 10.8 

4 hr delay 41.0 11.0 

orage Time (S) 

0 day 36.4 11.1 

5 days 38.5 10.9 

10 days 31.4 11.1 

15 days 45.4 10.9 

20 days - 10.7 

Significant of F ratio from ANOVA 

MSE(C) 
C 

10.15 
** 

0.46 
NS 

MSE(S, C X S) 
S 

8.85 
** 

0.47 
NS 

C X S ** NS 

MSE - mean square error;  NS, *, ** - not significant, 
significant at 5% and 1% level, respectively. 
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Table A.3. Cooling treatment and storage time effects on 
organic acid concentration of 'Amity' red raspberries 
stored at 0oC. 

Criterion    Citric acid  Malic acid 

g/lOOg fresh wt. 

Cooling Treatment (C) 

Room cooling     1.33        0.20 

Forced-air cool ing 
No delay 1.27 0.18 

2 hr delay 1.24 0.18 

4 hr delay 1.40 0.18 

Storage Time (S) 

0 day 1.62 0.20 

5 days 1.34 0.20 

15 days 0.97 0.16 

Significant of F ratio from ANOVA 

MSE(C) 43.92 2.82 
C NS NS 

MSE(S, C X S) 34.92 2.67 
S ** NS 
C X S NS NS 

MSE - mean square error;  NS, *, ** - not significant, 
significant at 5% and 1% level, respectively. 
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Table A.4. Cooling treatment and storage time effects on 
weight loss and decay of 'Chester' blackberries stored at 
00C. 

Criterion    Weight loss Decay 

% % o o 

Cooling Treatment (C) 

Room cooling     1.3 6.4 

Forced-air coo] .ing 
No delay 1.5 6.6 

2 hr delay 1.2 5.2 

4 hr delay 1.1 5.3 

Storage Time (S) 

0 day 0.0 0.0 

5 days 0.8 0.9 

10 days 1.6 4.1 

15 days 2.7 18.4 

Significant of F ratio from ANOVA 

MSE(C) 0.56 27.85 
C NS NS 

MSE(S, C X S) 0.09 7.95 
S ** ** 

C X S NS NS 

Decay was analised on Arcsine-transformed data. 
MSE - mean square error; NS, *, ** - not significant, 
significant at 5% and 1% level, respectively. 
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Table A.5. Cooling treatment and storage time effects on 
total anthocyanin and soluble solids content of 'Chester* 
blackberries stored at 0oC. 

Criterion    Anthocyanin SSC 

mg/lOOg fresh wt. % 

Cooling Treatment (C) 

Room cooling     93.2 10.2 

Forced-air cool ing 
No delay 91.3 10.2 

2 hr delay 94.9 10.1 

4 hr delay 86.5 9.9 

Storage Time (S) 

0 day 99.5 10.1 

5 days 87.9 10.1 

10 days 93.1 10.4 

15 days 85.4 9.7 

Significant of F ratio from ANOVA 

MSE(C) 1017.39 0.89 
C NS NS 

MSE(S, C X S) 315.16 0.46 
S NS NS 
C X S NS NS 

MSE - mean square error;  NS, *, ** - not significant, 
significant at 5% and 1% level, respectively. 
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Table A.6. Cooling treatment and storage time effects on 
organic acid concentration of 'Chester' blackberries 
stored at 00C. 

Criterion    Citric acid  Malic acid 

g/lOOg fresh wt. 

Cooling Treatment (C) 

Room cooling    0.71        0.22 

Forced-air 
No delay 

cool .ing 
0.68 0.22 

2 hr delay 0.80 0.23 

4 hr delay 0.78 0.26 

Storage Time (S) 

0 day 0.84 0.25 

5 days 0.73 0.22 

15 days 0.66 0.22 

Significant of F ratio from ANOVA 

MSE(C) 
C 

MSE(S, C X 
S 
C X S 

S) 

17.25 
NS 

22.68 
* 

NS 

0.91 
NS 
5.26 
NS 
NS 

MSE - mean square error;  NS, *, ** - not significant, 
significant at 5% and 1% level, respectively. 
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Table A.7. Cooling treatment and storage time effects on 
weight loss, decay and soluble solids content of 
'Earliblue1 blueberries stored at 0oC. 

Criterion   Weight      Decay SSC 
loss 

Cooling Treatment (C) 

Room cooling  1.1        16.2 16.3 

Forced-air cooling 
No delay 1.0 14.5 

2 hr delay 1.1 14.8 

4 hr delay 1.2 15.3 

8 hr delay 1.4 19.1 

torage Time (S) 

0 day 0.0 0.0 

7 days 0.6 7.2 

14 days 1.2 10.7 

21 days 1.7 22.9 

28 days 2.4 39.1 

Significance of F ratio from ANOVA 

MSE(C) 0.09 
C * 

MSE(S, C X S)  0.01 
S ** 
C X S ** 

17.3 

17.4 

16.4 

16.6 

15.7 

16.6 

17.0 

17.0 

17.7 

64.98 1.79 
NS NS 
38.71 2.28 
** ** 
** NS 

MSE - mean square error;  NS, *, ** - not significant, 
significant at 5% and 1% level, respectively. 
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Table A.8. Cooling treatment and storage time effects on 
organic acid concentration of 'Earliblue' blueberries 
stored at 00C. 

Criterion    Citric acid  Malic acid 

" g/lOOg fresh wt. 

Cooling Treatment (C) 

Room cooling    0.16        0.13 

Forced-air cool mg 
No delay 0.18 0.13 

2 hr delay 0.20 0.12 

4 hr delay 0.18 0.12 

8 hr delay 0.21 0.12 

Storage Time (S) 

0 day 0.16 0.13 

7 days 0.19 0.11 

28 days 0.21 0.14 

Significant of F ratio from ANOVA 

MSE(C) 2.06 0.85 
C NS NS 

MSEfS, C X S) 1.34 2.35 
S ** NS 
C X S NS NS 

MSE - mean square error;  NS, *, ** - not significant, 
significant at 5% and 1% level, respectively. 
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Figure B.l. Cooling rate for 'Meeker' red raspberries in 
PACKl subjected to forced-air cooling at 00C. Each point 
is the mean of 2 observations. 
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Figure B.2. Cooling rate for 'Meeker' red raspberries in 
PACK2 subjected to forced-air cooling at 0oC. Each point 
is the mean of 2 observations. 
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Figure B.3. Cooling rate for 'Meeker' red raspberries in 
PACK3 subjected to forced-air cooling at 0oC. Each point 
is the mean of 2 observations. 



154 

m 

I- 
<r 
a: 
m 
a. 
ui 

58 iae 158       288       258       388 

COOLING TIME, MIN. 

Figure B.4. Cooling rate for 'Meeker' red raspberries in 
PACK4 subjected to forced-air cooling at 0oC. Each point 
is the mean of 2 observations. 
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Figure B.5. Cooling rate for 'Meeker' red raspberries in 
PACKS subjected to forced-air cooling at 0oC. Each point 
is the mean of 2 observations. 
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Figure B.6. Cooling rate for 'Chester' blackberries  in 
PACKl subjected to forced-air cooling at 0oC. Each point 
is the mean of 2 observations. 
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Figure B.7. Cooling rate for 'Chester' blackberries  in 
PACK2 subjected to forced-air cooling at 0oC. Each point 
is the mean of 2 observations. 
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Figure B.8. Cooling rate for 'Chester' blackberries  in 
PACK3 subjected to forced-air cooling at 0oC. Each point 
is the mean of 2 observations. 
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Figure B.9. Cooling rate for 'Chester' blackberries  in 
PACK4 subjected to forced-air cooling at 0oC. Each point 
is the mean of 2 observations. 
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Figure B.IO. Cooling rate for 'Chester' blackberries  in 
PACK5 subjected to forced-air cooling at 0oC. Each point 
is the mean of 2 observations. 
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Table B.l. Package type and storage time effects on 
weight loss, decay and firmness of 'Meeker' red 
raspberries stored at 00C. 

Criterion   Weight      Decay      Firmness 
loss 

Package Type (P) 

PACK1 2.8 1.2 

PACK2 2.4 1.5 

PACKS 2.6 0.9 

PACK4 2.1 1.3 

PACKS 2.3 1.1 

Storage Time (S) 

0 day 0.0 0.0 

3 days 0.9 0.0 

7 days 2.0 0.4 

11 days 2.9 0.6 

15 days 3.8 1.1 

19 days 5.0 5.2 

Significance of F ratio from ANOVA 

MSE(P) 0.44 
P * 

MSE(S, P X S) 0.05 
S ** 
P X S ** 

g-force 

117 

146 

140 

120 

134 

120 

139 

126 

140 

0. 10 353.07 
NS ** 

4.63 1929.50 
** ** 

NS NS 

Decay was analysed on Arcsine-transformed data. 
MSE - mean square error;  NS, *, ** - not significant, 
significant at 5% and 1% level, respectively. 
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Table B.2. Package type and storage time effects on total 
anthocyanin and soluble solids content of 'Meeker' red 
raspberries stored at 00C. 

Criterion Anthocyanin SSC 

mg/lOOg fresh wt. % 

Package Type (P) 

PACK1 35.8 12.3 

PACK2 38.0 12.5 

PACK3 37.6 12.6 

PACK4 38.3 12.5 

PACKS 38.4 12.6 

Storage Time (S) 

0 day 28.2 12.0 

3 days 36.4 12.5 

7 days 41.4 - 

11 days 40.1 12.8 

19 days 42.0 12.6 

Significant of F ratio from ANOVA 

MSE(P) 11.93 0.43 
P NS NS 

MSE(S, P X S) 18.04 0.44 
S ** ** 

P X S NS NS 

MSE - mean square error;  NS, *, ** - not significant, 
significant at 5% and 1% level, respectively. 
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Table B.3. Package type and storage time effects on 
organic acid concentration of 'Meeker* red raspberries 
stored at 0oC. 

Criterion Citric acid Malic acid 

g/lOOg fresh wt. 

Package Type (P) 

PACK1 0.96 0.27 

PACK2 0.90 0.20 

PACK3 1.03 0.21 

PACK4 1.09 0.22 

PACKS 1.09 0.29 

Storage Time (S) 

0 day 0.76 0.22 

3 days 1.14 0.26 

19 days 1.14 0.24 

Significant of F ratio from ANOVA 

MSE(P) 57.17 10.35 
P NS NS 

MSEfS, P X S) 125.89 14.58 
S ** NS 
P X S NS NS 

MSE - mean square error;  NS, *, ** - not significant, 
significant at 5% and 1% level, respectively. 
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Table B.4. Package type and storage time effects on 
weight loss and decay of 'Chester' blackberries stored at 
00C. 

Criterion 1 height loss Decay 

% % 

Package Type (P) 

PACK1 2.4 1.9 

PACK2 2.5 2.0 

PACK3 2.2 2.4 

PACK4 2.1 2.5 

PACK5 2.5 2.7 

Storage Time (S) 

0 day 0.0 0.0 

5 days 0.7 0.3 

10 days 1.7 1.4 

15 days 2.7 2.2 

20 days 3.7 3.4 

25 days 4.8 6.7 

Significant of F ratio from ANOVA 

MSE(P) 
P 

0.20 
* 

53.29 
NS 

MSE(S, P X 
S 

S) 0.03 
** 

11.07 
** 

P X S ** NS 

Decay was analised on Arcsine-transformed data. 
MSE - mean square error;  NS, *, ** - not significant, 
significant at 5% and 1% level, respectively. 
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Table B.5. Package type and storage time effects on total 
anthocyanin and soluble solids content of 'Chester* 
blackberries stored at 0oC. 

Criterion Anthocyanin SSC 

mg/: LOOg fresh wt. % 

Package Type (P) 

PACK1 105.4 7.9 

PACK2 99.3 7.6 

PACK3 102.3 7.7 

PACK4 112.5 8.1 

PACKS 103.9 7.7 

Storage Time (S) 

0 day 79.8 7.8 

5 days 102.5 8.0 

10 days 109.1 7.8 

15 days 116.2 7.8 

25 days 115.8 7.5 

Significant of F ratio from ANOVA 

MSE(P) 238.56        0.51 
P NS NS 

MSE(S, P X S)    210.43 0.36 
S ** NS 
P X S NS * 

MSE - mean square error;  NS, *, ** - not significant, 
significant at 5% and 1% level, respectively. 
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Table B.6. Package type and storage time effects on 
organic acid concentration of 'Chester' blackberries 
stored at 00C. 

Criterion Citric acid Malic acid 

g/10 0g fresh wt. 

Package Type (P) 

PACK1 0.81 0.40 

PACK2 0.80 0.40 

PACK3 0.82 0.40 

PACK4 0.89 0.39 

PACKS 1.04 0.46 

Storage Time (S) 

0 day 0.90 0.48 

5 days 1.05 0.51 

25 days 0.67 0.25 

Significant of F ratio from ANOVA 

MSE(P) 54.88 3.73 
P NS NS 

MSE(S, P X S) 48.67 11.73 
S ** ** 
P X S NS NS 

MSE - mean square error;  NS, *, ** - not significant, 
significant at 5% and 1% level, respectively. 


