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Summary. Iran is an important apricot production and export country. Postharvest loss-
es of apricots from brown rot (caused by Monilinia spp.) are major concerns for produc-
ers. Effects were assessed of postharvest hot water, putrescine and acetic acid treatments
on apricot quality and shelf life. After treatment applications, fruit were cold stored at
5°C and 80% (+5%) relative humidity for 40 d. During this period, physical and physi-
ological properties of the apricots were evaluated at 10-d intervals. Parameters assessed
were fruit weight, decay, firmness, total soluble solids, titratable acidity, and skin col-
our values (L* a* b*). The 55°C hot water and 2.0 mM putrescine treatments gave the
least fruit weight loss, brown rot incidence, and firmness loss after 40 of storage. For all
treatments, fruit total soluble solids increased during storage, and these were greatest for
the control (untreated) apricots. Apricots treated with hot water and putrescine had the
greatest titratable acidity. The skin colour of all untreated and treated apricots improved
throughout storage (from red to deep yellow). These data support the use of postharvest
hot water and putrescine treatments for improved quality of apricots during storage. The
scaling up of these treatments to packinghouse situations is important for evaluation of
their technical and economic feasibility.

Key words. Decay, fruit firmness, Monilinia spp., skin colour.

INTRODUCTION

Apricot (Prunus armeniaca L.) is one of the most important fruits cul-
tivated in Iran since ancient times. Iran is the second largest producer of
apricots in the world, after Turkey, with an annual production of more than
400,000 MT (Salehi et al., 2018). Apricots can provide many benefits for
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human health and well-being. These are due to the anti-
septic, antipyretic, ophthalmic, and emetic properties of
apricots (Ghasemnezhad et al., 2010). Apricots contain
sugars, saccharides, organic acids, mineral nutrients (e.g.,
Fe, B, K, Ca), vitamins (e.g., B group, C), and polyphe-
nols, and also contain high levels of antioxidant com-
pounds and phytochemicals, such as flavonoids, carot-
enoids, lycopene, and carotenes (Hajilou et al., 2013).

Due to poor postharvest management, including
poor handling, packaging, and storage, a lot of fruit
and vegetables are wasted every year due to posthar-
vest diseases, which result in greatly increased produc-
tion costs. Preharvest and postharvest application of
synthetic fungicides is an effective strategy for control-
ling postharvest fruit and vegetable decay, although
these applications may have harmful environmental or
human health effects. Many studies have focused on
replacing synthetic fungicides with natural compounds
and biocontrol agents as postharvest treatments (Spa-
daro and Droby, 2016).

Brown rot is a major stone fruit postharvest disease,
and it is especially prevalent in apricot. Brown rot is
caused by Monilinia spp., and it can result in severe fruit
losses and economic damage to producers and consum-
ers (Oliveira Lino et al., 2016; Landi et al., 2018, 2020;
De Miccolis Angelini et al., 2019). Apricots are also very
sensitive to storage conditions; they are climacteric fruit
and undergo accelerated ripening under uncontrolled
conditions. Due to these drawbacks, apricots are par-
ticularly sensitive to decay and softening during storage,
handling and transport, and they cannot be kept at low
temperatures for extended periods (Siddiq, 2007). Fur-
thermore, apricots have high rates of postharvest climac-
teric respiration and high water contents, and are thus
highly susceptible to decay, which results in short shelf
life (Zokaee-Khosroshahi and Esna-Ashari, 2008). There-
fore, slowing ripening rates to delay senescence of apri-
cots is important for increased fruit shelf life.

Compounds such as polyamines can delay fruit rip-
ening and thus improve shelf life and quality character-
istics of various climacteric fruit (Valero et al., 2002).
Polyamines are ubiquitous biogenic amines that are rec-
ognized as having important roles in biological process-
es, including cell growth, division, proliferation, apopto-
sis/senescence, embryogenesis, organ development, and
responses to abiotic and biotic stressors (Mattoo and
Handa, 2008). Putrescine, spermidine, and spermine are
the main polyamines found in plant tissues (Valero and
Serrano, 2010).

Application of polyamines to peaches to delay rip-
ening and aging was reported by Bregoli et al. (2002),
and Serrano et al. (2003) reported beneficial effects of
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polyamine application to plums. The effects of hot water,
ethanol and acetic acid vapour on the physicochemical
and sensory properties of peaches have also been investi-
gated (Sharayei and Ganji Moghadam, 2013). Acetic acid
vapour helped to maintain the quantitative, qualitative,
and sensory characteristics of peaches (Zokaee-Khos-
roshahi and Esna-Ashari, 2008). Postharvest application
of 1 mM putrescine to peaches increased their firmness
and resistance to mechanical damage, while decreasing
their respiration rates and delaying senescence (Martin-
ez-Romero et al., 2000).

On kiwifruit, application of putrescine and spermi-
dine provided improved postharvest quality (Assar et
al., 2012). On strawberries, postharvest applications of
putrescine and UV light increased firmness, vitamin C,
anthocyanin, phenolic contents, and antioxidant capaci-
ty (Siruieneja et al., 2013). On Granny Smith apples, pre-
harvest and postharvest treatments with putrescine and
salicylic acid reduced weight loss and increased firmness
(Asgarpour et al., 2016). Similarly, on broccoli florets,
putrescine prevented chlorophyll degradation, promoted
maintenance of antioxidant compounds, and delayed
senescence (Jafarpour et al., 2014).

Hot water treatments after harvest are physical
nondestructive methods for the control of posthar-
vest decay in fruit and vegetables (Larrigaudiere et al.,
2002; Usall et al., 2016), with no residues left on pro-
duce after treatment. Therefore, hot water can be used
in packinghouses as a simple way to reduce infections
by postharvest fruit pathogens. Hot water treatments
have numerous advantages, which include ease of
application and short treatment times, with consistent
monitoring of the water and fruit temperatures. These
treatments can also disinfect fruit skins by removal of
surface-borne decay microorganisms (Fallik, 2004). As
heat transfer in water is efficient, fruit immersion in
hot water is preferred over other heat treatments, with
hot water treatment now accepted as a commercial
method to maintain postharvest quality of certain fruit
commodities (Paull and Jung Chen, 2000). Casals et
al. (2010) reported that on nectarines and peaches, hot
water treatment at 60°C for 40 s controlled brown rot.
Shorter treatments (20 s) at 60°C also reduced brown
rot by 80% when these fruit were drenched with water
while passing through rotating brushes (Karabulut et
al., 2002).

Acetic acid has been shown to be a potent natural
antimicrobial agent that can also be used for disinfec-
tion of fruit surfaces. Radi et al. (2010) reported that
treatment of apples with warm acetic acid solution con-
trolled postharvest decay mostly caused by Penicillium
expansum. Sholberg and Gaunce (1995, 1996) reported
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that application of acetic acid vapour to stone fruit con-
trolled Rhizopus rot and brown rot, and to application
table grapes controlled gray and blue molds.

The aim of the present study was to evaluate the
effects of hot water, putrescine, and acetic acid treat-
ments of apricots on postharvest quality and decay
development during storage.

MATERIALS AND METHODS
Plant materials

Apricots cv. Shahrodi at their commercially mature
stage were picked early in the morning in a local orchard
in the suburb of Yasooj City, Iran, and were immediately
transferred to the Laboratory of Food Science. Damaged
fruit were discarded, and 1,080 fruit that had uniform
colour, shape, and size were selected.

Treatments

The selected apricots were randomly divided into
ten groups. Treatments consisted of different water
temperatures (25, 45, and 55°C), different putrescine
concentrations (0.5, 1.5, and 2.0 mM; Sigma Aldrich
Chemicals Co.) and different acetic acid concentrations
(1, and 2%; Merck). Ten apricots of each replicate were
used to evaluate the fruit characteristics at harvest. The
fruit treatments were carried out by immersion for 5
min, followed by 30 min drying at room temperature.
The apricots were then kept in polyethylene macrop-
erforated fruit packs, at 5°C and 80% (+5%) relative
humidity for 40 d. Fruit characteristics were evaluated
immediately before storage and at 10-d intervals dur-
ing the storage period (i.e., after 10, 20, 30, and 40 d of
storage).

Fruit weight loss

To determine weight loss, the apricots were individu-
ally weighed before storage and at 10-d intervals during
storage.

Fruit decay

The proportion of apricots showing decay was deter-
mined by counting the number showing decay symp-
toms during storage. The causal pathogens were identi-
fied according to their morphological properties (Abdi-
pour et al., 2019).
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Fruit firmness

The firmness of the apricots was measured by the
puncturing test before and during storage, using a tex-
ture analyzer (CT3; Brookfield Engineering). This used a
flat-tipped, cylindrical, 5 mm diam. stainless steel probe,
with permeation depth 2 mm and rate 5 mm s.

Fruit titratable acidity and pH

The pH of the juice from the apricots was deter-
mined using a pH meter (Knick), and titratable acidity
(TA, as malic acid) of the juice was determined by titra-
tion of 50 mL juice with 0.1 N NaOH to an endpoint of
pH 8.1. pH and titration data were recorded before and
during storage, with the titrations converted to g kg™
malic acid (Radi et al., 2010).

Fruit total soluble solids

Total soluble solids (TSS) of fruit were determined
before and during storage using a refractometer (NAR-
3T; Abbe) and are expressed as °Brix.

Fruit colour determinations

Fruit colour parameters were determined before
and during storage using a digital colorimeter (CR400;
Konika-Minolta) in three points on the surface of each
apricot, with mean values determined for each fruit. The
parameters measured were: L* for lightness; a* for red-
ness; b* for yellowness; C* for chroma; and H* for hue
angle. C*, H*, and total colour difference (AE*) were cal-
culated, respectively, according to Equations (1), (2) and
(3) (Huang et al., 2013).

C* = [a*z + b*2]1/2 (1)’
H* = arctan[b*/a*] ),
AE* = [(L* _ LO»)Z + (a» _ ao*)z + (b* _ bo*)Z]I/Z (3),

where L,*%, a,* and b,* are the control values for the
untreated apricots.

Experimental design and data analyses
A completely randomized experimental design was

used, with factorial arrangement that included the nine
treatments each with three replications, with each rep-
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lication consisting of ten observations (separate fruit).
All trials were repeated at least twice. The data gener-
ated underwent analysis of variance (ANOVA) using
the SPSS 21 statistical software. Significant differences
were defined at P < 0.05, and the means were separated
using least significant differences (LSD) tests.

RESULTS AND DISCUSSION
Fruit weight loss

All apricots lost weight throughout the storage peri-
od (Figure 1). The smallest weight losses after 40 d of
storage were for the fruit treated with 55°C hot water
(mean loss = 6.3%) and with 2.0 mM putrescine (7.3%).
These hot water and putrescine treatments gave signifi-
cantly less weight losses (P < 0.05) compared with that
for the untreated control fruit (mean = 15.5%), and also
less (P < 0.05) than for 2% acetic acid (10.7%), which still
provided less (P < 0.05) weight loss than the control.
Thus, the greatest weight loss after 40 d of storage was
recorded for the control fruit.

Loss of weight of apricots due to water loss (evapora-
tion from the fruit surface) is an important fruit qual-
ity factor. Water loss during storage results in apricots
with shrivelled and dry appearance, and these symptoms
increase with increases in storage duration and tempera-
ture.

Serrano et al. (2004) reported that for mechanically
damaged plums, 45°C hot water treatment for 10 min
reduced weight loss through reductions in ripening-
related membrane changes. Useful effects of hot water
to reduce fruit weight loss have also been reported for
melons (Lamikanra and Watson, 2007), blueberries (Fan

18 —o— Control
—o—water 20°C
16 —a— Hot water 45°C
—s—Hot water 55°C
14 —o— 1% Acetic acid
---+---2% Acetic acid
g 12 —a— 0.5 mM Putrescine
) & 1.5 mM Putrescine
2 10 .
o —a— 2 mM Putrescine
5 8
]
=
6
4
2
0

Storage time (dav)

Figure 1. Mean weight loss (+ standard deviation; n = 3) of cv.
Shahrodi apricots before and during storage for 40 d at 5°C follow-
ing different treatments.
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et al., 2008), pears (Hosseini et al., 2015), and Mexi-
can limes (Obeed and Harhash, 2006). The mechanism
by which hot water treatments reduce fruit weight loss
may involve the melting of the fruit epicuticular waxes,
which cover and seal cracks and lenticels in the fruit
surfaces, preventing water vapour losses through these
openings (Valero and Serrano, 2010). Hot water treat-
ments may also reduce respiration rate and ethylene evo-
lution, and postpone fruit ripening (Zoran et al., 2001;
Fallik, 2004).

Putrescine binds to cell membranes and protects the
cuticle wax layers, and probably reduced water evapora-
tion from apricots in the present study. Similar positive
effects of putrescine for reducing water loss have been
described for other fruit, including plums (Serrano et al.,
2003), courgettes (Palma et al., 2015), and pears (Hos-
seini et al., 2015).

Similar to the findings in the present study, previous
reports have shown that acetic acid treatment of fruit,
including apples, grapes, tomatoes, and kiwifruit, can
also reduce weight loss and postharvest decay (Sholberg
and Gaunce, 1995). However, in the present study, ace-
tic acid treatment was not as effective as the other treat-
ments that were applied.

Fruit decay

Decay caused by fungal pathogens are one of the
most important factors for economic losses of fresh hor-
ticultural crops (Palou et al., 2016). Postharvest brown
rot was observed for the apricots in the present study.
Incidence of brown rot (as the proportion of apricots
affected) increased during the storage period (Figure 2).
By day 40 of storage, the greatest protection for the apri-

~
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o

—=— Hotwater45°C
— e Hotwater55°C
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o
o
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—a— 0.5mM Putrescine
A 1.5mM Putrescine

—=a— 2 MM Putrescine (B~ T e AT

Fruit decay (%)
w IN
o o

N
o

-
o

o

10 20 30 40
Storage time (day)

Figure 2. Mean incidence (+ standard deviation; n = 3) of decay
due to brown rot for cv. Shahrodi apricots before and during stor-
age for 40 d at 5°C following different treatments.
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cots against brown rot was obtained from the treatments
with 55°C hot water (mean = 19.0% decay) or 2.0 mM
putrescine (17.3% decay), which were significantly less (P
< 0.05) than for the untreated (control) apricots (mean =
51.3% decay). The 2% acetic acid treatment (33.2% decay)
was not as effective as hot water or putrescine (P < 0.05),
although it reduced (P < 0.05) decay during storage com-
pared to the untreated fruit. Similar data for acetic acid
treatments have been reported for other fruit, including
apples, grapes, tomatoes, and kiwifruit (Sholberg and
Gaunce, 1995).

Decay is one of the main limiting factors that deter-
mines the shelf life of fresh agricultural and horticul-
tural products, with losses reported to be 20 to 50% in
developing countries and 5 to 25% in developed coun-
tries (Valero and Serrano, 2010). Many studies on post-
harvest hot water treatments showed that they are
commonly used for quality maintenance of fruit crops,
including peaches, nectarines (Sisquella et al., 2013; Spa-
doni et al., 2014), limes (Kaewsuksaeng et al., 2015), and
pears (Hosseini et al., 2015).

Some studies have shown that fruit ripening can
be delayed by applying hot water treatments, and at
the same time fungal decays can be reduced without
major changes in fruit quality (Fattahi Moghadam
and Ebadi, 2012). According to Kou et al. (2007), the
use of 45°C hot water for 8 min for table grapes was
the most effective treatment. When strawberries were
treated with 63°C hot water for 12 s and kept under a
controlled atmosphere with 15 kPa CO,, they showed
low amounts of decay (Wszelaki and Mitcham, 2003).
Pavoncello et al. (2001) reported that on grapefruit,
resistance to green mold was achieved with water at
62°C applied for 20 s. Kiwifruit quality after storage
was also improved by hot water treatments at 55 and
60°C for 1.5 min, which provided extended fruit shelf
life and good preservation (Koukounaras et al., 2008).
The impacts of such hot water treatments for preven-
tion of pathogen establishment and spread may be
related to the initiation of host defense mechanisms
that can be activated in the outer layers of fruit epi-
carps that can kill pathogens on fruit surfaces (Ben-
Yehoshua et al., 2000).

Khosroshahi et al. (2007) reported that applica-
tion of putrescine (1-2 mM) increased the storage life
of strawberries compared to untreated control fruit.
Mangoes treated with 2.0 mM putrescine retained par-
ticularly good quality with a good blend of acidity, TSS,
high ‘deliciousness’ ratings, and low physiological spoil-
age and weight loss (Jawandha et al., 2012). Posthar-
vest application of polyamines has also been reported
to improve the quality and shelf life of fruit, including
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pomegranates (Mirdehghan et al., 2007), plums (Pérez-
Vicente et al., 2002; Serrano et al., 2003; Khan et al.,
2008), peaches (Martinez-Romero et al., 2000; Bregoli et
al., 2002), mangoes (Malik and Singh, 2005), and apri-
cots (Martinez-Romero et al., 2002).

Fruit firmness

Firmness under all of the apricot treatments
decreased during the storage period (Figure 3). At the
end of the 40 d of storage, greatest firmness was record-
ed for the apricots treated with 55°C hot water (mean =
2859 mN) or with 2.0 mM putrescine (2841 mN), while
least firmness was for the untreated (control) apricots
(mean = 2196 mN; P < 0.05). The 2% acetic acid treat-
ment also significantly maintained fruit firmness of the
apricots (mean = 2570 mN; P < 0.05).

Apricots have short postharvest shelf lives compared
to most other fruits, with fruit firmness being an impor-
tant indicator for increased shelf life, processing, and
marketing (Kakkar and Rai, 1993). The maintenance
of the flesh firmness is one of the main effects of post-
harvest polyamine applications for vegetables and fruit.
The softness of fruit tissues results from changes in the
cell wall structure, including reductions in hemicel-
lulose and pectin de-polymerization, due to the activi-
ties of cell wall-hydrolyzing enzymes. Maintenance and
improvement of fruit firmness (and thus delayed ripen-
ing) using pre- and postharvest putrescine treatments
have been reported for fruit, including courgettes (Pal-
ma et al., 2015), pears (Hosseini et al., 2015), plums (Ser-
rano et al., 2003; Khan et al., 2008), peaches and nectar-
ines (Bregoli et al., 2002), strawberries (Zokaee Khos-
roshahi et al., 2007), and apricots (Martinez-Romero et
al., 2001).

2 —o— Control

—&— Water 20°C

—a— Hotwater45°C

— s Hot water 55°C

1 —e— 1% Acetic acid

===+ 2% Acetic acid

—a— 0.5mM Putrescine
& 1.5mM Putrescine

—=a— 2 mM Putrescine

Fruit firmnes (mN)

0 10 20 30 40
Storage time (day)

Figure 3. Mean firmness (+ standard deviation; n = 3) of cv. Shah-
rodi apricots before and during storage for 40 d at 5°C following
different treatments.
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Several mechanisms have been suggested to explain
maintenance of fruit firmness after putrescine treat-
ments. One suggested mechanism was decreased activi-
ties of the ethylene biosynthetic enzymes 1-aminocy-
clopropane-1-carboxylate synthase and oxidase, and
inhibition of endo- and exo-polygalacturonases, endo-
B-1,4-glucanases, and pectin methylesterase related to
cell-wall degradation (and thus to fruit softening). An
additional mechanism may involve polyamine cross-
linking of pectic substances in cell walls, which would
help to maintain fruit firmness (Martinez-Romero
et al., 2002; Pérez-Vicente et al., 2002). This binding
would also prevent the access of degrading enzymes,
which decrease softening rates during storage (Valero
et al., 2002).

In the present study, the hot water treatments
increased apricot firmness throughout the 40 d of
storage. Beneficial effects of hot water treatments for
maintenance of fruit firmness have been reported for
other fruit, including pears (Hosseini et al., 2015),
kiwifruit (Beirdo-da-Costa et al., 2006), melons (Lami-
kanra and Watson, 2007), peaches (Koukounaras et al.,
2008), and mangoes (Djioua et al., 2009). Heat treat-
ments may protect cell wall integrity, and thus main-
tain fruit firmness (Valero and Serrano, 2010). Heat
treatments can also activate endogenous calcium to
form calcium pectate, which delays activities of mainly
the polygalacturonase and pectin methylesterase cell
wall-degrading enzymes (Serrano et al., 2004; Valero
and Serrano, 2010). Direct consequences of heat treat-
ments on the inactivation of these enzymes were sug-
gested by Paull and Jung Chen (2000) and Serrano et
al. (2004).

Fruit total soluble solids

The changes in the TSS of the apricots during stor-
age are shown in Figure 4. In general, there were
gradual increases in the TSS during the storage peri-
od. The untreated (control) fruit had the greatest TSS
from about day 10 onwards, while all the other treat-
ments gave less TSS. The 55°C hot water and 2.0 mM
putrescine treatments resulted in the least TSS (respec-
tively, mean = 6.1% +0.2% and 5.2% %0.02%). The gen-
eral increase in TSS of stored fruit was probably due to
increased fruit respiration and weight reduction dur-
ing the storage period. Several studies have reported
improved maintenance of TSS from putrescine treat-
ments, mainly due to the impact that putrescine has
on respiration, ethylene production, and delayed ripen-
ing (Martinez-Romero et al., 2002; Serrano et al., 2003;
Zokaee Khosroshahi et al., 2007).
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Figure 4. Mean total soluble solids (TSS; + standard deviation; n =
3) of cv. Shahrodi apricots before and during storage for 40 d at 5°C
following different treatments.
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Figure 5. Mean titratable acidity (TA; + standard deviation; n = 3)
of the cv. Shahrodi apricots before and during storage for 40 d at
5°C following different treatments

Fruit titratable acidity

TA decreased during the storage period for all of the
apricot treatments (Figure 5). These data showed that
after 40 d of storage, the greatest TA was in the apricots
treated with 55°C hot water (mean = 26.7 g MA kg FW)
or with 2.0 mM putrescine (25.8 g MA kg FW), which
were both greater (P < 0.05) than that in the control
apricots. The untreated apricots had the lowest TA at the
end of the 40 d of storage (mean = 14.3 g MA kg! FW).
TA is directly influenced by the levels of organic acids in
fruit (Ghasemnezhad et al., 2010). The decreases in TA
during storage may have been due to metabolic changes
in the fruit or to the degradation of organic acids during
respiration. Similar protection against reductions in TA
during storage have been observed on pears treated with
hot water and putrescine (Hosseini et al., 2015), straw-
berries treated with putrescine (Zokaee Khosroshahi et
al., 2007), limes treated with hot water (Kaewsuksaeng et
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al., 2015), and apricots coated with chitosan (Ghasemn-
ezhad et al., 2010).

Fruit skin colour changes

The L* (brightness) of the apricots for all of the treat-
ments generally increased during the first 30 d of stor-
age, and then remained essentially unchanged to 40 d
(Table 1). Increased L* indicated that the fruit changed
to brighter colour during most of the storage period. The
greatest final L* (after 40 d storage) was in the untreated
(control) apricots and the least L* was in the fruit sub-
jected to the acetic acid and putrescine treatments.

The a* (green to red) increased after all of the treat-
ments during the first 10 d of storage (Table 1). This
indicated that initially the skin colour showed dimin-
ished green tints (change from negative to zero a*), and
then shifted further from pale green to pale red (change
from negative to positive a*). After 40 d storage, the
greatest a* was in the untreated (control) apricots (mean
= 5.11) and the least a* was in the apricots treated with
55°C hot water (mean = 0.18) or with 1.5 mM putrescine
(mean = 0.20; P < 0.05). These changes in colour from
green to red (as in the control samples) are a good indi-
cation of apricot fruit ripening.

The b* (blue to yellow) after all of the fruit treat-
ments continued to increase during the 40 d of storage
(Table 1). Increased b* indicated a deeper yellow colour.
The data showed that, as for a*, the greatest b* after 40
d storage was in the untreated (control) (mean = 34.13),
although the increase was similar (P > 0.05) for most of
the other treatments. The least b* after 40 d was in the
apricots treated with 45°C hot water (mean = 28.21) or
with 0.5 mM and 2.0 mM putrescine (respectively, 28.10
and 28.25), which were less (P <0.05) than on all of the
other treatments.

The C* and H* after these treatments showed dif-
ferent changes during 40 d of storage. The C* generally
increased by day 40, although this was almost exclu-
sively during the first 10 d, and then remained essen-
tially unchanged. The greatest C* after 40 d was in the
untreated (control) apricots (mean = 7.76) and the least
C* was in the fruit treated with 45°C or 55°C hot water
(respectively, 5.45 and 5.44), 2.0 mM putrescine (5.43),
or 1% acetic acid (5.41) (Table 2). In contrast, H* showed
little or no initial increase to day 10, and then generally
increased to day 40 for these treatments. The least H*
at 40 d was for the untreated (control) apricots (mean =
81.48), which also showed the overall lowest H* at day 20
of storage (74.75). In the fruit treated with water at differ-
ent temperatures, the H* initially declined at day 10, but
then generally increased to day 40, as similarly recorded

Table 1. Mean L*, a*, and b* colour parameters of cv. Shahrodi apricots during storage for 40 d at 5°C after application of different treatments.

Mean colour parameters after different periods (d) of storage

40

30

20

10

Treatment

b*

L>(>

b*

L*

b*

L*

bx»

L*

b*

L*

17.32bB 5544 eE 6.33dC 23.22aC 53.23dD 3.61bB 33.19¢D 51.11dC 5.11bC 34.13bD

15.23 aB 50.11 cCD 2.43bC 23.11aC 51.23 bD

-3.00 aA 12.10 aA 46.42dB 4.00 aB

-3.00 aA 12.20aA 46.12cB 5.10aD

34.20 aA
34.20 aA
34.20 aA
34.20 aA

Control

1.22 aB 25.13 abD 49.12 ¢cC 2.10 aBC 29.11 abE

20°C

Water

1.20aB 28.21 aD

17.22bB 49.21 bCD 2.11 bB 24.12 abC 50.11 abD 1.39aB 23.38 aC 48.12 bC

-3.00 aA 12.10 aA 46.63eB 4.47 aC

45°C

16.11 abB 46.61 aB  3.44 cC 24.17 abC 49.21 aC 2.44 abC 24.11 abC 48.1 bBC 0.18 aB 29.51 abD

17.92bB 51.45c¢dC 1.31aB 2511 bC 50.23 abC 1.00 aB 25.70 bC 47.19 abB

16.89 abB 52.76 dC 3.11 bcC 22.81 aC 53.10 dC

16.89 abB 52.11 dC

12.10 aA 45.52bB 5.23 aD
12.10 aA 46.28 cdB 4.21 aC
12.10 aA 46.11 cB 521 aD

-3.00 aA
-3.00 aA
-3.00 aA
-3.00 aA
-3.00 aA
-3.00 aA

55°C
Putrescine 0.5 mM 34.20 aA

1.17aB 28.10 aD

1.10aB 2590 bD 46.79 aB  0.20 aB 29.19 abE

1.5 mM 34.20 aA
2.0 mM 34.20 aA

1.41aB 28.25aD
1.22aB  29.11 abE

1.29aB 22.81aC 52.19cC 0.31aB 22.71 aC 47.36 abB

12.10 aA 46.12cB  4.41aC

17.34bB 47.10aC 2.12bB 22.31aC 50.10 abD 1.22aB 25.99 bD 47.12 abC

17.21 bB 52.66 dC 3.43cC 22.71 aC 51.11 bC

12.10 aA 45.11aB 4.21 aC

34.20 aA
34.20 aA

1%
2%

Acetic acid

29.67 abD

1.82 aB

1.21aB 23.22aC 46.27 aB

12.10 aA 46.62eB 4.44aC

Means accompanied by different lower case letters in each column are significantly different (P < 0.05; LSD tests).
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Means accompanied by different capital letters in each row within each treatment are significantly different between days of storage (P < 0.05; LSD tests).
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Table 2. Mean H*, C ,*and AE* colour parameters of the cv. Shahrodi apricots during storage for 40 d at 5°C after application of different treatments.

Mean colour parameters after different periods (d) of storage

40

30

20

10

Treatment

H* AE* Cc* H* AE* C* H* AE* C* H* AE* C* H* AE*

C*

61.67
57.14

81.48 th
85.87 af

545 hm 87.56 ac

7.76 a
5.44 hn

62.83

83.79 cf
87.22 ad

6.80 b
5.16 ko
5.03 Ip

60.44
55.24
54.84
52.62

77.00gi 4971  7.96a  74.75ij
52.16

5.77 ei
6.42 bd

36.40
36.40
36.40
36.40
36.40
36.40
36.40
36.40
36.40

76.08 ij

4.59 p
4.59 p
459 p
459p
459 p
459p
4.59 p
4.59 p
4.59 p

Control
Water

5.79 ei

57.07
55.31

48.84 539in  84.00 cf
5.35in

4991

7149
75.45 ij

76.08 ij

20 °C

55.79
56.43

86.60 ae

76.08 ij 6.10 ce 85.00 af
6.59 bc

45 °C

89.65a
87.60 ac

84.22 cf  54.85

5.48 gl
5240

81.90 eg
84.57 bf
89.82 a
87.01 ab

6.00 df
5.18 ko
4.77 op
5.18 ko
5.70 ¢j
4.95 np

48.57

72.01 ij

76.08 ij

55°C

Putrescine 0.5 mM

55.40
55.00
54.94
55.15

5.53 fk
5.74 ei
5.43 hn

56.45

56.15

87.31 ac

497 mp 87.02ad

76351  48.51

5.92 eh

76.08 ij

86.49 ac

57.35

75531  49.89

76.08 ij 6.08 dg

1.5 mM
2.0 mM

87.62 ac

517ko 87.77ac  56.43

521 o

57.27
57.56
56.90

76.78 hi  49.81

5.97 dg

76.08 ij

5909 54lin  89.6la
550 gl

56.92

87.57 ac
89.22 ab

6.64b 72.86 ij 49.38 82.24 df
6.03 de 86.76 ae

76.08 ij

1%
2%

Acetic acid

55.16

87.14 ac

478 op

49.31

75.37 ij

76.08 ij

Means for each treatment accompanied by different letters are significantly different between days of storage (P < 0.05; LSD tests).
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for the acetic acid treatments. For the putrescine treat-
ments, H* was initially unchanged (at day 10), before
increasing to day 30, with no change to day 40 (Table 2).

The total colour difference (AE*) indicated the mag-
nitude of colour difference between untreated and treat-
ed apricots. The untreated (control) fruit had the great-
est AE* from day 20 (mean = 60.44) to day 40 (61.67),
while the other treatments all gave similar AE* by day 40
(Table 2).

Polyamines have been reported to inhibit chlorophyll
degradation and reduce colour changes in cucumber (Jia
et al., 2018), table grapes (Champa et al., 2014), straw-
berries (Zokaee Khosroshahi et al., 2007), and apricots
(Martinez-Romero et al., 2002). Similarly (Zheng et al.,
2019) reported that treatment with putrescine reduced L*
in broccoli.

The impacts of temperature on apricot injury were
studied by Demartino et al. (2002). They reported dis-
colouration of bruised cv. San Castrese apricots as loss
of yellow pigment. The L* (lightness) and b* (yellow-
ness) of bruised apricots were decreased by keeping
them at 18°C. In contrast, in the present study, the b*
of apricots increased for all of the treatments during
the 40 d storage period (Table 2). Dong et al. (2002)
investigated the effects of 1-methylcyclopropene on rip-
ening of cv. Canino apricots. They reported that the H*
of these fruit decreased after 30 d of storage. They also
reported that during ripening, H* decreased for both
the untreated fruit and those treated with 1-methyl-
cyclopropene, although this treatment slowed the
decrease in H* compared to the control. Similarly, we
observed that treatments that improved apricot qual-
ity also reduced the H* decline. Martinez-Romero et
al. (2002) also reported that with putrescine applica-
tion, the colour index (a*/b*) of cv. Mauricio apricots
increased during storage.

In conclusion, this study has shown that hot water
and putrescine treatments, and to a lesser extent those
with acetic acid, can maintain the postharvest quality
of apricots by reducing the fresh weight loss, brown rot
incidence, and fruit softening. Postharvest use of treat-
ments with 55°C hot water or 2.0 mM putrescine for
postharvest quality improvements of apricots in cold
storage is reccommended. Whether these treatments can
be scaled up to the fruit packinghouse level is an impor-
tant issue that requires of the evaluation of the technical
and economic feasibility of these treatments.
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