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Abstract 
The effects of different post-harvest hydrocooling solutions along with conventional cold 

storage and cyclical heat treatment on the physico-chemical properties and sensory characteristics 
of Persian “Red Haven” peaches and “Shahmiveh” pears were studied. Peaches and pears were 
harvested at 24oC and at 26oC respectively and immediately pre-cooled with: 20oC ambient air, 
14oC raw water, plain ice water, ice water + 2% (W/W) CaCl2, and ice water + 2% (W/W) CaCl2 + 
100ppm chlorine respectively for a holding time of 24h, 45, 30, 30 and 30 min until their final 
temperatures reached to 20oC, 15oC, 4oC, 4oC and 4oC. Pre-cooled fruits were transferred to cold 
storage at 2oC and 85%RH respectively for 4 and 10 weeks. All the peaches were brought out of the 
cold storage once a week for about 10 hours and held at 20oC ambient temperature to prevent 
possible chilling injuries. Periodical measurements of physico-chemical parameters of fruits during 
storage and their sensory evaluation after storage showed that in most of the cases peaches and 
pears pre-cooled with different ice water solutions had significantly higher firmness, pectin content, 
organoleptic scores and lower weight loss than air-cooled samples. Addition of CaCl2 to ice water 
along with cyclical heat treatment during storage increased the firmness (up to 50%) and lowered 
the pectin hydrolysis and weight loss of peaches up to respectively 25% and 50%. Similarly, 
addition of CaCl2 to ice water increased the firmness (up to 60%) and lowered the pectin hydrolysis 
and weight loss of pears up to respectively 30% and 40%. Sensory analysis also showed that 
peaches and pears precooled with ice water containing CaCl2 had significantly higher firmness and 
more attractive appearance, color and flavor than air cooled samples. 
 
Keywords: hydrocooling, ice water cooling, firmness, pectin, cyclical heat treatment, weight loss, 
and fruits. 
     

Introduction 
In order to reduce post-harvest losses and meet market requirements of perishable 

horticultural produce, its preservation in the fresh state is of commercial importance (Puttaraju and 
Reddy 1997). Fast pre-cooling of agricultural produce after harvest (especially for those that have 
high respiration rates and /or a high surface to volume ratio), reduces the rate of quality loss and 
extends shelf life (Jeong et al. 1996).  
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Pre-cooling by removing field heat from freshly harvested fruits reduces microbial activity 
and respiration rates. Furthermore, the respiratory activity and senescence of fruit as well as 
ethylene production are temperature dependent. Due to the pre-cooling treatments, metabolic 
activity and consequently respiration rate and ethylene production of the fruits were reduced 
considerably. This also decreases the ripening rate, diminishes water loss and decay, and thus, helps 
preserving quality and prolongs shelf life of the fruits (Ferreira et al. 1994 and Reina et al. 1995). 
The process of heat removal from fresh produce can be achieved by several different methods, such 
as natural air cooling, forced air cooling, hydrocooling, ice cooling and vacuum cooling, each one 
differing in heat removal efficiency and processing cost.  

One of the suitable methods for pre-cooling of harvested peaches is using forced air cooling 
process followed by anti-bacterial oil coating and finally water cooling (Smith 1982). Although this 
method has been very effective, its processing cost is much higher than using ice water directly for 
pre-cooling. In the forced air-cooling method, there is a high possibility of surface water 
evaporation and weight losses of produce, particularly, when the fruits are subjected to high air 
velocity.  

Hydrocooling is a procedure in which, fruits are either sprayed with or immersed in cold 
water to reduce their temperature. Likewise many other perishable fruits, pears and peaches need to 
be precooled immediately after harvest and efficient hydrocooling with accurate cooling time is 
strongly recommended (Becker and Fricke 2002). In hydrocooling treatment, water is not lost from 
produce surfaces, but rather absorbed by them (Bartz 1988). Additional useful effects of the 
hydrocooling process include cleaning products (by removing chemical residues and debris), 
delaying fruit decay, and reducing surface scald, bronzing, and pitting (Sharp and Gould 1994). The 
rate of pre-cooling of the fruits immediately after harvest is a determining factor for their quality 
and durability in storage (Tonini et al. 1979).   

Hydrocooling is a less expensive cooling method than the forced air cooling method, 
because water is more efficient than air in transferring the heat. This process removes field heat 
from produce up to 15 times more rapidly than the forced air cooling method (Ferreira et al. 1994). 
The heat transfer coefficient of hydrocooling is much higher than that of air cooling with natural 
convection methods. Nevertheless the heat transfer coefficients for hydrocooling and forced air 
cooling are comparable, if the air speed is high (Berinyuy, 1989).                               
 In most instances, the water used for hydrocooling treatment is recycled (perhaps for several 
days) and becomes contaminated with spoilage microorganisms. These microorganisms 
contaminate subsequently cooled produce through natural openings and mechanical injuries created 
during harvesting. It is necessary to treat water with antifungal and antibacterial agents to avoid 
microbial build-up during hydrocooling. Chlorine solution in form of sodium, potassium, or 
calcium hypo-chlorite has been used to eliminate microorganisms for many years. To control 
Rhizopus, the responsible microorganism for sour rot in peaches, the best option is to use chlorine 
as the cheapest and most effective chemical compounds (Hopfinger 1989). While there is a belief 
that using chlorine in hydrocooling process leads to skin discoloration of peaches, researchers 
(Crisosto et al. 1993) repeatedly stated that chlorine concentration of water below 300 ppm is not a 
factor of color change as long as fruits skins have not been removed. On the other hand peach skin 
discoloration may originate from the hydrocooler. As Hopfinger (1989) reported, this disorder 
caused by the acidic pH (around 4.8) and presence of iron (about 80 ppm) in water. He used 
calcium hypochlorite at a concentration of 120 ppm and significantly reduced discoloration. 
Addition of calcium hypochloride not only increased the pH, but also decreased the solubility of 
iron in cooling water and caused to bind with it and precipitate (Hopfinger 1989). Furthermore, 
Crisosto (2002) reported that exposing fruit to clean water with high pH during hydrocooling dose 
not induce inking and discoloration. On the other hand dipping pears in CaCl2 solution protected its 
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original firmness: delayed its ripening process up to 40% of the time needed for untreated fruit 
(control) to ripe and produced fruit with acceptable sensory properties (Wills et al. 1982).  
 Calcium in form of pectic substances is found primarily in the middle lamella and in the 
primary cell walls of plant tissues. It acts as cementing or cell binding materials. Calcium has an 
important role in stability of cell wall structure, especially in fruits that are stored for relatively long 
time such as pears (Pooviah 1988). Gradual infiltration of calcium to cell wall results in increasing 
level of this ion in the cell wall and thus stabilizes it and protects the fruit against fungal and 
microbial contamination (Pooviah et al. 1991). Furthermore, postharvest treatment of “Passe-
Crassane” pear cultivar with 2% (w/v) of CaCl2 solution followed by cold storage (2oC & 90%RH) 
and ripening after storage for one week at 20oC not only prevented cellular wall and membrane 
degradation, but also decreased ethylene production and delayed its ripening process (Lara and 
Vendrell 1998). It was also found that firmness of “Red Delicious” apple is directly related to the 
calcium concentration in post-harvest hydrocooling treatment (Conway and Sams 1984). 

The peaches unlike pears are very sensitive to chilling injuries during storage. A cyclical 
heat treatment or intermittent warming has been recommended to prevent any possible internal 
breakdown and damage. According to (Anderson 1979) peaches and nectarines that are warmed (2 
days at about 18.3oC) during low temperature storage of 0oC have less internal breakdown, lower 
respiration rates and higher acidity than un-warmed fruits. This technique has been used as a 
method to prevent and alleviate chilling injuries in peaches during continuous cold storage at 1-2oC 
(Ben-Arie et al. 1970, Lill et al. 1989, Marcellin and Ulrich 1983, Artes et al. 1996, Fernandez-
Trujillo et al. 2000).  

“Red Haven” and “Shahmiveh” are the two main varieties of Persian peaches and pears 
grown in the vast horticultural areas of Iran. The Persian “Red Haven” peaches have mostly a 
combined yellow red skin color, yellow pulp and the stone is easily separated from the meat. It has 
a semi hard texture and good handling properties. After ripening, it is very tasty and attractive. In 
terms of shape and size, the “Shahmiveh” pear is very similar to “Williams’ Bon Chr’etein” or 
“Barlett” variety (Hedrick 1995), with a crisp texture, very good taste and sweet-smelling flavor. 
Commercially, these peaches and pears are harvested in July and August respectively and in a 
relatively short time.  

Although hydrocooling process has been practiced for different varieties of Asian (mainly 
Chinese and Japanese), European and American varieties of peaches and pears, but this process has 
not been practiced for these two Persian varieties of peaches and pears. In fact the proposed 
varieties of peaches and pears are pre-cooled mainly with natural air convection method after 
harvest, and also their shelf life did not effectively extend during conventional cold storage. On the 
other hand, the cyclic heat treatment has not been studied for this variety of peaches. 

The objectives of this study were to investigate the effects of post-harvest hydrocooling and 
specifically ice water cooling along with CaCl2 on the physico-chemical properties (firmness, pH, 
total soluble solids, acidity, reducing sugar, and total pectin) and sensory characteristics of 
“Shahmiveh” pears during cold storage, and combination of these processes with cyclic heat 
treatment on “Red Haven” peaches.  
 

Materials and Methods 
 Persian “Red Haven” peaches and “Shahmiveh” pears were harvested early morning from 
the Karaj Research Garden in July and August respectfully. After harvest each fruit was 
immediately sorted for size, color and absence of defects and randomly held in 15 groups (5 
treatments x 3 replicates) each containing 32 pieces. In order to see the effects of fast heat removal, 
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cell stability of calcium and chlorine sanitation on the quality criteria and during cold storage, five 
separate treatments of natural air, raw water, plain ice water, ice water + CaCl2, and addition of 
chlorine to ice water + CaCl2 were chosen and used for postharvet cooling of “Red Haven” peaches 
and “Shahmiveh” pears. Fruits were rapidly subjected to five pre-cooling treatments. The detail of 
different experiments has been mentioned in Table 1. The fruits were submerged in raw or ice water 
tanks along with agitation and the center temperature of some of peaches and pears were measured 
every 5 min. The rate of decreasing temperature in the center of peaches was faster than pears 
(mainly because of diameter difference), however both groups of fruits reached to 1oC after 30 min.  
 
 
Table 1. Pre-cooling treatments for “Red Haven” Peaches and “Shahmiveh” Pears respectively 
harvested at  24°C and 26oC. 
Treatment 

codes 
Cooling Medium 

 
Medium 

Temperature 
Cooling 

Time 
Fruits Final 

Temperatures
ANC Air-cooling with Natural Convection 10°C at night 

20°C at day 
24 h 18°C 

HRW Hydrocooling with Raw Water 14 °C 45 min 15°C 
HIW Hydrocooling with Ice Water Closed to 0°C 30 min 4°C 

HIWC Hydrocooling with Ice Water + CaCl2 
(2%w/w) 

Closed to 0°C 30 min 4°C 

HIWCC Hydrocooling with Ice Water + CaCl2 
(2%w/w) + Chlorine (100ppm) 

Closed to 0°C 30 min 4°C 

 

  
 All the fruits were then transferred to a cold storage room at 2oC and 85% RH and stored for 
up to 4 weeks for peaches and 10 weeks for pears. All the peaches were brought out of the cold 
storage once a week for about 10 hours and held at 20oC ambient temperature to prevent possible 
chilling injuries. Samples were taken every week (8 fruit) for peaches and every 2 weeks (6 fruit) 
for pears. According to the standard systems of Association of Official Analytical Chemists 
(AOAC), reducing sugar and total pectin content of each sample respectively were measured by 
sugar inversion or method of 22.097 and alcohol precipitation or methods of 22.008 and 22.067 
(AOAC 1975).  The three parameters of pH, total acidity (TA), and total soluble solids (TSS) of 
each sample, respectively were measured by different  methods of 32.018 for pH of acidified food, 
22.058 for titratable acidity of fruit products, and 22.024  for reducing sugar by refractive system 
(AOAC 1984). The weight loss was measured by classical and conventional method. The Mitcham 
et. al (1996) method was adopted to measure the firmness of each sample. In this method a hand 
Effe-gi penetrometer (Effe-gi, 48011, Afolnsine, Italy) with a maximum capacity of 15 kg/cm2 and 
a plunger of 8 mm diameter was used to record the fruit’s firmness at three symmetric equatorial 
points of each fruit.  
 A panel of 10 judges at final sampling did organoleptic evaluation of the produce. This 
panel was selected from twenty graduate students and staff in Food Technology Department of 
Tehran University. According to Kramer and Twigg (1966) their ability to distinguish the 
differences in appearance, color, firmness and flavor between different treatments and replicates (at 
least more than 70% of the times) was assessed by using the triangle test (as an attribute test) and 
basic hedonic scale (as a variable test). Additionally, the panelists were trained with a wide range of 
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peaches and pears from underripe (fresh) to overripe (stored at room temperature) to have a better 
filling for different levels of organoleptic attributes. Kramer and Twigg (1966) and Brovelli et al. 
(1999) recommended a ballot of scoring test (for sensory evaluation of fruit in a multiple 
comparison method) which detects sensory parameters more efficiently and provide more 
descriptive information was developed for this experiment (Table 2). Four different properties 
including appearance, color, firmness and flavor were chosen and a 100-point scale (ranging from 0 
for very bad to 100 for very good) was used for the sensory analysis of the samples. While each 
property was judged at different levels of acceptability, it was also scored by each panelist. 
Collected data were analyzed in a completely randomized block design with judges as blocks.  
 The performed experimental treatments were based on a completely randomized design. The 
data were statistically evaluated by an analysis of variance with Duncan's multiple range tests for 
mean separation. 
 
 
Table2. Descriptive and scoring levels of four Organoleptic properties used for sensory evaluation 
of “Red Haven” peaches and “Shahmiveh” pears.  

Appearance Color Firmness Flavor Scores 
Extremely unpleasant 

appearance 
Extremely unpleasant 

color 
Extremely 

soft 
Extremely unpleasant 

flavor 
0-20 

Unpleasant Unpleasant color Soft Unpleasant flavor 20-40 
Neither like 

nor dislike appearance 
Neither like 

nor dislike color 
Neither soft 

nor firm 
Neither like 

Nor dislike flavor 
40-60 

Pleasant pleasant color firm Pleasant flavor 60-80 
Extremely pleasant Extremely Pleasant 

color 
Extremely 

Firm 
Extremely Pleasant 

flavor 
80-100 

 

 

 

Results and Discussion 
 The final center temperature of peaches and pears were very close to 4oC after 30 min. The 
horizontal axis is the cooling time in minutes and the vertical axis is the decimal temperature 
difference (DTD) a dimensionless number and it was calculated by using Equation (1), where T= 
Target temperature, P= Produce temperature, W= cooling media temperature. 
 

 
T – W 

DTD = ---------          (1) 
 P – W 

 
 
 According to this equation the DTD for peaches and pears respectively were about 0.17 and 
0.16. The corresponding cooling times from E line appropriate for these two fruits were close to 50 
min. The lower cooling medium temperature (0oC versus 1.7oC), higher agitation rate and 
consequently higher heat transfer coefficient caused that the actual cooling times for peaches and 
pears diminished to 30 min.  
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A – Greens, B -- Beans, peas, asparagus, C -- Small cucumbers, radishes, beets (<3.8 cm or 1.5" 
diameter.), D -- Small apples and peaches, slicing cucumbers, E -- Sweet corn, apples, and peaches, 
F -- Large apples and peaches (> 7.5 cm or 3" diameter.), and G -- Cantaloupes, large eggplant.
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Figure 1. Time-temperature response of various fruits and vegetables immersed in agitated chilled 
water at 1.7oC (Boyette et al. 1992).  
 
             
             The results of physico-chemical experiments have been summarized in Table 3. The 
average firmness of peaches precooled with HIWC (ice water and CaCl2) was about 7.38 kg 
force/cm2. Considering 8 mm diameter of penetrometer, this force corresponds to 37 N force, which 
is very comparable  to 43 N the firmness of fresh Red Haven peaches reported by Byrne et. al 
(1991).  In other words, this treatment could save the original firmness of fresh peaches with the 
minimum loss. The average firmness values of peaches in HIW, HIWC and HIWCC treatments 
respectively were 32, 47 and 44% higher than ANC samples over 4 weeks of cold storage. These 
results agreed with previous work (Divakar et al, 1981). The firmness of peaches gradually 
decreased with increasing storage time. Although the firmness in all of the treatments was similar 
after 4 weeks of storage, the ice water cooling treatments of peaches maintained higher firmness for 
more than 2 weeks during storage time than air-cooling with natural convection (ANC) and 
hydrocooling with raw water (HRW) methods (Fig.2).These results were also compatible with 
Park’s (2002) report on precooling and storage of nectarine. The author pointed out that 
hydrocooling of nectarine increases flesh firmness of non-packaged fruits for a limited time during 
cold storage. 
 Among the ice water pre-cooled treatments and for three weeks of cold storage, peaches pre-
cooled with CaCl2 solutions (HIWC and HIWCC treatments) had significantly higher firmness than 
non calcium treated (Table 2). This result also agreed with the research of Ochei and Basiouny 
(1993). They reported that postharvest application CaCl2 on peaches followed by storage at 3oC 
over a period of 7 weeks increased fruit firmness and delayed their ripening. 
            Researchers (Valero et al. 2002) believe that Ca treatment of some nectarine fruits have 
effects on conjugated forms of putrescine (conjugated-soluble and cell wall-bound), which are 
related to fruit firmness. They reported that the Ca treatment of plum after harvest and before 
storage at 2oC for 28 days showed a noticeable increase in the above-mentioned compounds and 
caused higher firmness in comparison with the non-treated samples. 
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            Pectin content of peaches decreased gradually during the storage period (Fig.3). 
Measurements of remaining pectin at the each week of storage duration showed, that ice water 
cooling with calcium treatment (HIWC) had the highest amount (about 25% compared with ANC 
treatment). 
  
 
Table 3. Effects of different pre-cooling treatments on the average of physicochemical parameters 
during storage including firmness (kg/cm2), pH, total soluble solids (Brix), acidity (malic acid% for 
peach and citric acid% for pear), reducing sugar content (g/ml)X100, total pectin (TP%),  and 
weight loss (WL%). 
T              x Fir    y PH   y TSS    y Ac TP  y Sugar WL  y 

ANC       Peach 5.00 a* 3.63a 15.33 0.139 7.3 a 3.18 2.2 b 

HRW      Peach 5.35 ab 3.63 a 15.13 0.150 7.4 a 3.35 1.9 ab 

HIW       Peach 6.65 b 3.58 a 15.10 0.165 8.2 ab 3.77 2.4 b 

HIWC    Peach 7.38 c 3.48 b 15.25 0.149 9.2 b 3.13 1.2 a 

HIWCC  Peach 7.20 c 3.56 ab 15.19 0.165 7.2 a 3.19 2.0 b 

ANC        Pear 
 

9.41 a 4.33 ab 13.63 a 0.230 2.2 a 4.77 ab 3.0 b 

HRW       Pear 
 
 

9.78 ab 4.23 a 13.14ab 0.226 2.5 ab 4.88 a 2.6 ab 

HIW         Pear 
 

10.78 b 4.32 ab 13.17ab 0.235 3.2 b 4.74 ab 2.5 ab 

HIWC      Pear 
 

11.44c 4.28ab 12.97b 0.221 3.4 b 4.69 b 1.9 a 

HIWCC    Pear 
 

11.30 c 4.38b 13.29ab 0.214 3.4 b 4.70 b 1.9 a 

x=Treatment codes for peaches and pears in Table 2. The physiological values are means of four 
and five measurements (each one with three replicates) respectively for peaches and pear, 
y=Separated means in columns by Duncan's multiple range test, *Means with same subscripts in a 
column are not significantly different (P<0.05).  
  
  
The most probable way for softening texture is the analyses of available pectin in cell walls of fruits 
and vegetables. The formation of water-soluble pectin as a result of pectin degradation, loosening of  
cell walls and separation of cells were determined during ripening of freestone peaches (Pressey et 
al. 1971 and Pressey 1976). In this process protopectin with the aid of enzymes (such as 
polygalacturonase) degrades to soluble pectin gradually (Smith et al. 1997). There is a strong 
relation between pectin degradation and fruit firmness. For example, in nectarines as fruit firmness 
decreased, the soluble pectin concentration increased to the same extent in both treatments at the 
expense of insoluble pectin (Von Mollendorff et al. 1993). 
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Fig.2 Firmness changes of "Red Haven" peaches precooled with different postharvest 
treatments and stored at 2C along with cyclical heat treatment
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Fig.3 Changes in total pectin% of "Red Haven" peaches precooled with different 
postharvest treatments and stored at 2C along with cyclical heat treatment.
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 Chatjigakis et al. (1998) studied the spectroscopy of peach cell walls and revealed the 
existence of the esterified and non-es-terified carboxyl groups of the pectin molecules. He found 
that degree of esterification [(number of esterified carboxylic groups/number of total carboxylic 
groups)] or (D.E.) of peach pectin remained practically constant up to 35 days storage at 0oC. 
Further on, he pointed the changes in pectin esterification of peaches during storage correlated well 
to fruit firmness. The agreement of the obtained data and above-mentioned researchers’ results 
showed that there is a physiological relation between the firmness and pectin content of peaches 
pre-cooled with ice water. 
           The TSS, reducing sugar content and TA were not affected by various pre-cooling treatments 
and no significant differences was observed among different treatments, but the pH’s of HIWC 
treatment was significantly lower than ANC, HRW and HIW treatments.                       
             Bal and Cholan (1981) and Albert et al. (1976) found that with increasing ripeness of 
peaches, the texture softened and the TSS increased with a corresponding decrease in acidity. Later 
on Robertson and Meredith (1988) reported that in ripening of “Flordaking” peaches at 20oC, beside 
some changes in fruit color properties, the TSS/TA ratios increased. They marked the most 
significant changes due to ripening at room temperature were decrease in green color and softening 
of fruit flesh (decrease in firmness). On the other hand they reported that storage of peaches at 0oC 
had no significant effect on increasing TA rather increased slightly their firmness after one week. 
 Based on the above-mentioned results, if peaches are picked in a firm stage, its ripening will 
result in an increase in soluble solids and decrease in acidity and firmness and the rate of 
physiological and biochemical changes during ripening are dependent on temperature. Hence, the 
lower rate of these changes in hydro-cooled fruits might be due to faster heat loss of produce after 
harvest. During this process, the rate of enzyme activities, starch hydrolysis, pectin break down, and 
the rate of decline in firmness leading to the release of calcium from the tissue may have also been 
affected. Ripening of pre-cooled peaches was delayed in treatments of HIW, HIWC and HIWCC as 
compared to ANC. 
 During 4 weeks of storage the weight loss of peaches in HIWC treatment was about 45% 
less than the samples in ANC treatment (Fig. 4 and Table 3). Villanueva et al. (1999) reported 
19.5% weight loss for “Flordaking” peach after storage at 5oC and 85% RH for 4 weeks followed 
by six days warming at room temperature (20oC).  Cyclical heat treatment of peaches pre-cooled 
with different methods decreased their weight loss after storage. While the past experiences showed 
the peaches pre-cooled with natural air and stored at conventional storage (without cyclical heat 
treatment) had a weight loss of more than 10%, the weight loss of same fruit pre-cooled with HIWC 
treatment and stored at the same conditions along with cyclical heat treatment was less than 1.5%. 
 The penetration of Ca cation into the fruits skin during the hydrocooling process plays a 
major role in preventing action of pectin hydrolysis, softening (reduction of firmness) and moisture 
release of fruits. As a conclusion it can be inferred that firmness and weight loss of the peaches are 
closely associated (Pearson and Perring 1986). 
Results of sensory evaluation showed that the panelists chose the appearance, color, firmness and 
flavor of peaches precooled with ice water pleasant (Table 4) and the statistical analysis showed 
that their average scores were significantly higher than the ones pre-cooled either by ANC or HRW 
treatments. Additionally, the average sensory scores (appearance, color, firmness and flavor) of 
peaches in HIWC were more than 50% higher than ANC treatments. Conversely the sensory results 
of peaches ,in HIWCC treatment did not show any noticeable discoloration and melting flesh after 
storage most probably because of adding CaCl2 for pH adjustment and  firming texture.  
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Fig.4  Weight loss% of "Red Haven " peaches precooled with different postharvest 
treatments and stored at 2C along with cyclical heat treatment

0

0.5

1

1.5

2

2.5

3

3.5

0 1 2 3 4

Storage time(weeks)

W
ei

gh
t l

os
s%

ANC HRW HIW HIWC HIWCC

 

Fig.5 Firmness changes of "Shahmiveh" pears precooled with different postharvest 
treatments and  stored at 2C
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Table 4. Effects of different pre-cooling treatments on the average scores of sensory evaluation at 
the end of storage including appearance (Ap), color (Col), firmness (Fir) and flavor (Fla) in “Red 
Haven” peaches and “Shahmiveh” pears. 
T                   x Ap  y Col  y Fir  y Fla   y 

ANC         Peach 46 a 47 a 45 a 47 a 

HRW         Peach 54a 59 a 59 a 59 a 

HIW          Peach 60 ab 71 b 65 ab 65 ab 

HIWC       Peach 71 b 73 b 72b 74 b 

HIWCC    Peach 65 b 65 ab 71b 69 b 

ANC         Pear 
 

46 a 42 a 41 a 50 a 

HRW        Pear 
 
 

57 a 68 ab 61 a 62 a 

HIW         Pear 
 

62 b 72 b 66 b 66 ab 

HIWC       Pear 
 

72 b 78 b 75 b 70 b 

HIWCC    Pear 
 

60 ab 73 b 63ab 68 b 

x=Treatment codes for peaches and pears as explained in Table 1. The physiological values are 
means of four and five measurements (each one with three replicates) respectively for peaches and 
pear,  
y=Separated means in columns by Duncan's multiple range test, Means with same subscripts in a 
column are not significantly different (P<0.05). 
 
  

The overall firmness of pears in HIW, HIWC and HIWCC treatments were higher than the 
ANC and HRW samples (Fig. 5).  While there was a significant difference between the samples of 
ice water cooling treatments and others the average firmness of pears in HIW, HIWC and HIWCC 
respectively were 50%, 59%, and 57% higher than ANC (Table 3). These results were agreed with 
other researchers such as Lara and Vendrell (1998). Tonini et al. (1979) reported that hydrocooling 
process had the same positive effects on the firmness quality of other variety of pears. Increasing 
calcium concentration in d’Anjou pears reduced the incidence of cork spot and improved shelf life 
by increasing fruit firmness (Raese et. al, 1999). 
 Although pectin content of pears decreased from 6% to less 2% during the storage period 
(Fig.6), the pears precooled with HIW, HIWC and HIWCC treatments were higher than the ANC 
and HIW samples. Measurements of remaining pectin at the each week of storage duration 
showed,The weekly and cumulative weight losses of “Shahmiveh” pears in HIW, HIWC and 
HIWCC were lower than ANC and HRW treatments during the 10 weeks storage period (Figures 7 
and 8). Furthermore, the average weight losses of “Shahmiveh” pears during the 10 weeks storage 
for HIWCC, HIWC and HIW treatments respectively were 36, 36 and 17 percent lower than ANC 
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treatment (Table 3). These results are compatible with the reports of Randhawa et al. (1982). The 
weight loss of LeConte pear fruit dipped for 20 min in 4, 6 and 8% CaCl2 solutions and stored for 
55 days at conventional storage conditions (0-3.3oC and 85-90% RH) respectively were about 5.4, 
7.0 and 8.4%. 
 Tonini et al. (1979) showed that the weight loss of hard skin varieties of “William” pears 
reduced by 30% - 50% when it was immersed in a CaCl2 solution for 10 minutes.   Furthermore, the 
pH, titrateable acidity, and reducing sugar content of pears were not affected by the different pre-
cooling treatments.  
 In the sensory evaluation experiment for pears again panelists classified the appearance, 
color, firmness and flavor of pears precooled with ice water as a pleasant fruit after storage and the 
data analysis showed that their average scores were significantly higher than ANC or HRW samples 
(Table 4). The average sensory scores (appearance, color, firmness and flavor) of pears in HIWC 
were about 60% higher than ANC treatments. These results are also compatible with Monzini and 
Gorini (1978). They showed that hydrocooling of William pears produced a fresher color (higher 
chlorophyll content in pulp) and better organoleptic properties (freshness, crispness juiciness and 
sweetness) than ANC samples.  
 Tonini et al. (1979) showed that the weight loss of hard skin varieties of “William” pears 
reduced by 30% - 50% when it was immersed in a CaCl2 solution for 10 minutes.   Furthermore, the 
pH, titrateable acidity, and reducing sugar content of pears were not affected by the different pre-
cooling treatments.  
 In the sensory evaluation experiment for pears again panelists classified the appearance, 
color, firmness and flavor of pears precooled with ice water as a pleasant fruit after storage and the 
data analysis showed that their average scores were significantly higher than ANC or HRW samples 
(Table 4). The average sensory scores (appearance, color, firmness and flavor) of pears in HIWC 
were about 60% higher than ANC treatments. These results are also compatible with Monzini and 
Gorini (1978). They showed that hydrocooling of William pears produced a fresher color (higher 
chlorophyll content in pulp) and better organoleptic properties (freshness, crispness juiciness and 
sweetness) than ANC samples. 
 

Conclusions 
 Results of sensory evaluation showed that the organoleptic scores of all the ice water cooled 
pears were significantly higher than ANC samples. The overall objective results of this study 
showed that post-harvest ice water cooling of  peaches and  pears followed by cold storage had 
significantly (P>0.005) higher amount of firmness, pectin content, organoleptic scores (appearance, 
color, firmness and texture) and lower weight loss than air-cooled samples. While addition of CaCl2 
pronounced the effects of ice water postharvet cooling of peaches and pears, it respectively 
increased their firmness (50% and 59%), lowered their pectin hydrolysis (25% and 30%) and 
weight loss (45% and 36%). Furthermore 10 hours of weekly cyclical heat treatment of Persian 
“Red Haven” peaches at 20oC ambient temperature and during the cold storage, preserved the most 
important quality criteria of fresh fruit after storage. It can be concluded that in comparison with 
ANC treatment, the experimental and sensory results of measuring firmness in peaches precooled 
with HIWC are pretty much comparable with each other. Inefficient heat removal in precooling 
process, lack of CaCl2 in hydrocooler and increasing the chlorine concentration in cooling medium 
respectively in HRW, HIW and HIWCC treatments caused some discoloration development in 
peach skin during cold storage.This study showed the best treatment for preserving the quality“Red 
Haven” peaches after harvest is pre-cooling with ice water containing calcium chloride. 
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Fig.6 Total pectin% changes of "Shahmiveh" pears precooled with different postharvest 

treatments and stored at 2C.
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Fig.7 Cummulative weight loss% of "Shahmiveh" pears  pre-cooled with different 
postharvest treatments and stored at 1C

0

2

4

6

8

10

12

14

16

0 2 4 6 8 10

Storage time (weeks)

C
um

m
ul

at
iv

e 
w

ei
gh

t l
os

s%

ANC HRW HIW HIWC
HIWCC Linear (ANC) Linear (HRW) Linear (HIW)
Linear (HIWC) Linear (HIWCC)

                          



 

 
A. Kalbasi-Ashtari. “Effects of Post-harvest Pre-cooling Processes and Cyclical Heat Treatment 
on the Physico-chemical Properties of “Red Haven Peaches” and “Shahmavch Pears” During Cold 
Storage”. Agricultural Engineering International: the CIGR Journal of Scientific Research and 
Development. Manuscript FP 04 003. July, 2004. 

15

*The author who is an Assistant Professor of Food Technology Department at Tehran University, 
Iran, expresses his gratitude to the Vice President of Research at Tehran University for financial 
support of this project. Presently he is a visiting scientist at the Department of Biological and 
Agricultural Engineering, Texas A&M University, College Station, TX 77843. 

 
 
 
 

References 
 
AOAC, 1975. Determinations of reducing sugar (method of 22.097) and pectin content ( methods 
of 22.008 and 22.067). Official Methods of Analysis. Association of Official Analytical Chemists. 
Published by AOAC, P.O. Box 540, Benjamin Franklin Station. Washington, DC 20044.  
AOAC, 1984. Determinations of pH (method of 32.018), acidity (method of 22.058), and total 
soluble solids (methods of 22.024 and 22.026). Official Methods of Analysis. Association of 
Official Analytical Chemists. Published by AOAC, Inc. 111 North Nineteenth Street, Suite 210, 
Arlington, VA 22209.  
Albert B.A., Carreres O.R., Cuquerella C.J. Martinez J. J. 1976. Physico-chemical  
identification of Brasileno variety peaches. Anales del Instituto Nationa de Investigaciones  
Agrarias; Seri Technologia Agraria No. 3: 11-26, 2ref.  
Anderson, R. E. 1979. The influence of storage temperature and warming during storage on peach 
and nectarine fruit quality.  Journal of American Society of Horticultural sciences,  104: 459-461. 
Artes, F., Cano, A. and Fernandez-Trujillo, J. P. 1996. Pectolytic enzyme activity during 
intermittent warming storage of peaches. J. Food Science. 61: 311-313. 
Bal, J.S. and Chohan, G.S. 1981. Biochemical changes in development of Floridasun peach. 
Indian Food Packer. 35(6): 46-50, 15ref. 
Bartz, J.A. 1988. Potential for postharvest disease in tomato fruit infiltrated with chlorinated water. 
Plant Disease. 72(1): 4-13. 
Becker, B. R. and Fricke, B. A., 2002. Hydrocooling time estimation methods. International 
Community Heat Mass Transfer. 29(2): 165-174. 
Ben-Arie, R., Lavee, S. and Guelfat-Reich, S. 1970. Control of wooly breakdown of “Elberta” 
peaches in cold storage, by intermittent exposure to room temperature. J. American Society of 
Horticultural Sciences.  95: 801-803. 
Berinyuy, J. E. 1989. Modeling and cooling of sweet corn. Dissertation Abstracts International,  
49(120: 5414. 
Boyette, M. D., Estes, E. A, Rubin, A. R., 1992.  Hydrocooling, Postharvest Commodity Series 
(10/92--2M--TAH—220544, AG-414-4), Department of Biological and Agricultural Engineering. 
North Carolina Cooperative Extension Service. Viewed online 02/20/2003 at:  
http://www.bae.ncsu.edu/programs/extension/publicat/postharv/ 
Brovelli, E. A., Brecht, J. K., Sherman, W. B., and Sims, C. A., 1999. Sensory and 
compositional attributes of melting- and non-melting-flesh peaches for the fresh market. Journal of 
the Science of Food and Agiculture. 79:707-712. 
Byrne, D. H., Nikolic, A. N., and Burns, E. E., 1991. Variability in sugars, acids, firmness, and 
color characteristics of 12 peach genotypes.  J. Amer. Soc. Hort. Sci. 116 (6): 1004-1006. 
Byrne, D. H., Nikolic, A. N., and Burns, E. E., 1991. Variability in sugars, acids, firmness, and 
color characteristics of 12 peach genotypes.  J. Amer. Soc. Hort. Sci. 116 (6): 1004-1006. 



 

 
A. Kalbasi-Ashtari. “Effects of Post-harvest Pre-cooling Processes and Cyclical Heat Treatment 
on the Physico-chemical Properties of “Red Haven Peaches” and “Shahmavch Pears” During Cold 
Storage”. Agricultural Engineering International: the CIGR Journal of Scientific Research and 
Development. Manuscript FP 04 003. July, 2004. 

16

Chatjigakis, A.K., Pappas, C., Proxenia, N., Kalantzi, O., Rodis, P. and Polissiou, M. 1998. 
FT-IR spectroscopic determination of the degree of esterification of cell wall pectins from stored 
peaches and correlation to textural changes. Carbohydr-polym. Oxford : Elsevier Science limited. 
37(4): 395-408. 
Conway, W.S. and Sams, C.E. 1984. Effects of calcium infiltration on ethylene production, 
respiration rates, soluble polyuronide content and quality of golden delicious apples. Journal of the 
American Society for Horticultural Science, 109(1): 53-57. 
Crisosto, C. H., 2002. Peach skin discoloration in California. Proceedings of the 2002 Southeastern 
Peach Convection. Edited by Taylor, K. C. Savannah, Georgia, January 11-13, 2002. Pages: 31-36. 
Crisosto, C. H., Johnson, R. S., and Luza, J., 1993. Incidence of physical damage on peach and 
nectarine skin discoloration development: anatomical studies. J. Amer. Soc. Hort. Sci. 118:796-800. 
Divakar, B. L., Shukla, P. D. and Adhikari,  K. S. 1981. Physical and biochemical changes 
during maturation in fruits of apple variety Early Shanburry. Progressive Horticulture, 13(3/4): 61-
65. 
Fernandez-Trujillo, J. P., Cano, A. and Artes, F. 2000. Interaction among cooling, fungicide and 
postharvest ripening temperature on peaches. International Journal of Refrigeration. 23: 457-465. 
Ferreira, M. D., Brecht, J. K. , Sargent, S. A. and Bartz, J. A. 1996. An assessment of     the decay 
hazard associated with hydrocooling strawberries. Plant Disease , 80:1117-1122. 
Ferreira, M .D. , Brecht, J. K. , Sargent,S.A. and Aracena, J.J. 1994. Physiological responses of 
strawberry to film wrapping and precooling methods. Proc. Fla. State Hort. Soc. 107:265-269. 
Hedrick, U. P. 1995. The pears of New York. New York Agricultural Experiment Station., Sixth 
Edition was updated with the assistance of Howe, G. H., Taylor, O.M., Francis, E.H.  and Tukey 
H.B. and web displayed by National Clonal Germplasm Respository (NCGR), Corvallis, Oregan. 
Retrieved on April 8, 2004 from:  
http://www.ars-grin.gov/ars/PacWest/Corvallis/ncgr/pony.html 
Hopfinger, J. A., 1989. The role of postharvest handling and peach skin discoloration. Acta 
Horticulturae. Technical Communications of International Society for Horticultural Science. Editor 
D.C. Coston.,  Second International Peach Symposium. 19-23 June 1988, Clemson, S. C. USA. 
Pages : 167-172.    
Jeong, J.W., Kim, B. S., Kim, Q. W., Nahmgung, B. and Lee, S. H., 1996.  Changes in quality of 
carrot during storage by hydrocooling. Korean Journal of Science and Technology.   28: 841-849. 
Kramer, A. and Twigg, B. A. 1966.  Taste testing. Fundamentals of Quality Control for the Food 
Industry. The AVI Publishing Company, Inc. Westport, Connecticut. Pages: 120-153.  
Lara, I., and Vendrell, M., 1998. ACC oxidase activation by cold storage on “Passe-Crassane” 
pears: effect of calcium treatment. Journal of the Science of Food and Agriculture. 76(3): 421-426. 
Lill, R.E., O’Donoghue, E. M. and King, G. A. 1989. Postharvest  physiology of peaches and 
nectarines. Horticultural Review. 11: 413- 452.  
Marcellin, P. and Ulrich, R. 1983. Compartment des fruits et legumes en conditions modules et 
programmees. International Journal of Refrigeration. 6: 329-336.  
Mitcham, B., Cantwell, M., and Kader, A. 1996. Methods for determining quality of fresh 
commodities. Perishable Handling Newsletter. Issue No. 85 (February): pages 1-5. Retrieved on 
April 16, 2004 from  http://ucce.ucdavis.edu/files/datastore/234-49.pdf 
Monzini, A. and Gorini F. 1978. A new system for winter storage of fruit. (Freddo) J. Fruits, 
Vegetable and Nuts. 32(4): 318-325. 
Ochei, C. O. and Basiouny F.M. 1993. Calcium-meditated postharvest changes in storageability 
and fruit quality of peaches. Proceedings of the Florida State Horticultural Society. 106: 266-269, 
13 ref. 



 

 
A. Kalbasi-Ashtari. “Effects of Post-harvest Pre-cooling Processes and Cyclical Heat Treatment 
on the Physico-chemical Properties of “Red Haven Peaches” and “Shahmavch Pears” During Cold 
Storage”. Agricultural Engineering International: the CIGR Journal of Scientific Research and 
Development. Manuscript FP 04 003. July, 2004. 

17

Park, Y. M. 2002. Effect of precooling and modified atmosphere packaging on the fruit quality of 
mid-season nectarines during short-term storage and marketing. Journal of the Korean Society for 
Horticultural Science. 43(5): 512-516, 22 ref. 
Pearson, K. and Perring, M. A. 1986. The relationship betrween fruit composition and some 
storage disorders of apples. J. Sci. Food Agri., 19: 186-192. 
Pressey R. 1976. Enzymes involved in fruit softening. Abstract of papers, American Chemical 
Society. 172, AGFD 22.  
Pressey R., Hinton, D.M. and Avants, J. K. 1971. Development of polygalacturonase activity and 
solublization of pectin in peaches during ripening. Journal of Food science. 36(7): 1070-1073, 16 
ref. 
Pooviah, B.W. 1988. Molecular and cellular aspects of calcium action in plant. Hort. Science, 
23(2): 267-271. 
Pooviah, B.W. , Glenn, G.M. and Reddy, A.S.N. 1991. Calcium and fruit softening  physiology 
and biochemistry. Hort. Review. , 10: 152-178. 
Puttaraju, T.B. and Reddy, T. V. 1997. Effect of precooling on the quality of mango (cv. 
'Malika'). Journal of Food Science and Technology, 34 (1):24-27. 
Raese, J. T., Drake, S. R., and Staiff, D. C., 1999. Calcium sprays, time of harvest, and duration 
in cold storage affects fruit quality of d’Anjou pears in a critical year. J. Plant Nutrition. Marcel 
Dekker Inc., Monticello, N.Y.  Vol 22(12): 1921-1929. 
Randhawa, J. S., Dhillon, B. S., Bhullar, J. S., and Sandhu, S. S., 1982. Cold storage life of 
LeConte pear fruit affected by postharvest application of Ca, cycocel (CCC) and calcium chloride. 
Indian Food Packer. 36(2): 41-43; 8 ref. 
Reina,L.D., Fleming, H.P. and Humphries, E.G. 1995. Microbial control of cucumber 
hydrocooling water with Chlorine Dioxide. Journal of Food Protection, 58(5): 541-546.  
Robertson, J.A. and Meredith, F.L. 1988. Effects of ripening and storage on Flordaking peach 
quality. Proceedings of the Florida State Horticultural Society. 101: 275-277, 9ref. 
Sharp, J.L. and Gould, W.P. 1994. Control of Caribbean fruit fly (Diptera: Tephritidae) in 
grapefruit by forced hot air and hydrocooling. Journal of Economic Entomology, 87(1): 131-133. 
Smith, R.B. 1982. From tree to table: quality in Ontario peaches.  Highlights of Agricultural 
Research in Ontario, 5(2) : 11-14. 
Smith, D.S., Cash, J.N., Nip, W.K. and Hui, Y.H. 1997. Processing Vegetables;  Science and 
Tecnology.  Technomic Pub. Pennsylvania. U.S.A. 
Tonini G., Bertoloni P., and Cimino A. 1979. Controlled atmosphere storage of hydrocooled 
"Williams B.C." pears. Proceedings of the XVth International Congress of Refrigeration. Vol 
III.640-646. Venezia, Italy. 
Valero, D.; Perez-Vicente A.; Martinez-Romero D.; Castillo S.; Guillen F. and Serrano M. 
2002. Plum storability improved after calcium and heat postharvest treatments: role of polyamines. 
Journal of Food Science. 67(7): 2571-2575, 30 ref. 

Villanueva-Arece, R., Saucedo-Veloz, C., Chvez-Franco, S. H., Rodriguez-Alcazar, J. and 
Mena-Nevarez, G. 1999. Cold storage of “Flordagold” peach. Agrociencia (Mexico). 33(4): 407-
413. 

Von-Mollendorff, L. J., De-Villiers, O.T., Jacobs, G. and Weatraad. I. 1993. Molecular 
characteristics of pectic constituents in relation to firmness, extractable juice, and wooliness in 
nectarines. Journal of  American Society of Horticultural Sciences, Alexandria, VA. 118(1): 77-80. 
Wills, R. B. H., Tirmazi, S. I. H., and Scott, K. J., 1982. Effect of postharvest application of 
calcium on ripening rates of pears and bananas. Jornal of Horticultural Sciences. 57(4): 431-435; 11 
ref. 


