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Abstract

life after harvest. Postharvest treatments of fruits by using

oxalate or gibberellic acid and storage at low temperature
can enhance storability of guava fruits without quality
deterioration. This experiment was conducted in seasons (2015 and
2016) to evaluate the effect of potassium oxalate, ammonium
oxalate and gibberellic acid (GAs) either alone or in combinations
as postharvest treatments on physical and chemical changes of
winter Guavas strain ‘Etmany’ during storage at 8+1°C plus two
days at 18-23°C as shelf life. Nine treatments were applied as
follows: control (distilled water), 30 mM of potassium oxalate, 30
mM of ammonium oxalate, 50 or 100 ppm of GA3 and 30 mM of
potassium oxalate or ammonium oxalate in combination with 50 or
100 ppm of GAs. The treated fruits were dipped in aqueous
solution for 10 minutes. All treatments significantly reduced the
deterioration in physical and chemical attributes compared to
control treatment during cold storage and shelf life. Also, these
treatments significantly minimized physiological loss in weight,
reduced decay incidence, maximized marketable percentage,
maintained visual appearance score, increased firmness, hue angle
and lightness. Moreover, fruits treated with 30 mM of potassium or
ammonium oxalate in combination with 100 ppm of GA3 possessed
the best values in comparison with either control or the other
treatments. Thus, it is been recommended from the results, to use
the combination of potassium or ammonium oxalate and GA3 as a
promising method for delaying postharvest deterioration and
keeping fruit quality during cold storage up to 21 days at 8°C and 2
days shelf life at 18-23°C.
Key Words: Winter guava, Potassium, Ammonium, Oxalate,
Gibberellic, postharvest, Ripening, Fruit, Soluble Solids.

1. INTRODUCTION

G uavas are climacteric, perishable fruits and have very short

Guava (Psidium guajava L.) is one of the most well known edible fruits grown
widely throughout tropical and subtropical regions of the world. Guava fruits
expressed as the main source of vitamins A, B, C and minerals (Kumar, 2012). It is
very popular to the Egyptian consumer due to its suitable price and high nutritional
value. In Egypt, the total guava area reached 36529 feddans, 33706 feddans of them
are fruiting trees produced 343702 tons according to the Ministry of agriculture and

land reclamation statistics, Anonymous, 2016. One of the major drawbacks of fresh
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guava is that it bruise easily and are highly perishable, which leads to mechanical
injuries and high incidence of fungi rotting and shriveling. Thereby, fruits cannot be
stored for a long time (Kader, 2002). Guava is a climacteric fruits and has poor
storage life after harvest. Due to fast ripening caused by the rise in ethylene
production parallels a peak in respiration rate, which greatly affects a loss in Guava
fruits commercial value. Hence, the reduction in temperature after harvest is
necessary to delay the climacteric peak and consequently ripening process (Kader,
2002). Storage life enhancement of guavas could reduce losses percent, maintain fruit
quality and regulate the supply of guavas for long period. Therefore, it is necessary to
find a feasible solution to slow down the action of ethylene gas to control the ripening
of guava fruit after harvest. Fortunately, various methods used to improve and
maintain quality by slowing down the metabolic activities of fruits.

Gibberellins are a group of growth substances, known to delay ripening and acts
as anti-senescence agent during storage (Hooley, 1994). Gibberellic acid (GAs) is one
of an ethylene antagonist, approved by the United States Environmental Protection
Agency. Moreover, GAs could retard ripening and senescence processes of fruits
through post-harvest treatments by delaying incidence of respiration rate peak, and
subsequently ethylene production (Reena, 2016), delaying the chlorophyll
degradation, softening and retaining the internal fruit quality by slowing down the
metabolic activities of guava fruits (Reena, 2016).

In addition, potassium and ammonium oxalate postharvest treatments could be
promising materials to reduce decay incidence and delay ripening process of mangoes
at room temperature (Zheng et al., 2012).

Winter crop of guava fruits are free from fruit fly infestation and fetch higher
price as compared to main season crops (Boora et al., 2016). The reduction in losses
and extension of postharvest life of guava fruits will help to increase the market price.
So, the aim of this study was to examine the effect of gibberellic acid, potassium
oxalate and ammonium oxalate applied either alone or in combinations on postharvest
quality, decay incidence and storability of winter guava fruits strain ‘Etmany’ under
cold storage conditions at 8°C+1°C and 90+5% relative humidity (RH).

2. MATERIALS AND METHODS

The present experiment conducted during two successive seasons (2015 and
2016). Winter guava fruit cv. ‘Etmany’ were picked at maturity stage (yellowish green)
on the second week of February according to (Mercado-Silva et al., 1998). Guava
trees grown in a commercial orchard in El-Qalubia Governorate, Egypt (latitude,

30°17" N and longitude, 31°20" E). The trees were about 10 years of age and planted
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at a spacing of 5 x 5 meters apart in loamy clay soil under immersion irrigation system
and subjected to all ideal agriculture practices. Fruits were almost similar, apparently
uniform in size and free of visible symptoms of infection. In both experimental
seasons, fruits were harvested, picked in plastic boxes (15 kg capacity), and
immediately brought to postharvest laboratory at Horticulture Research Institute,
Agriculture Research Center, Giza governorate, nearly at 50 kilometers from the
orchard. At the laboratory, all defective fruits including wounded and other disorders
were excluded. The sound fruits at the same maturity stage were washed with tap
water solution for 2 min to clean the surface of fruits and then air dried at room
temperature until visible moisture on fruit surfaces disappeared completely. Clean
sound fruits were randomly selected and divided into nine groups. Each treatment
consisted of 144 fruits with three replicates for each examination period and each
replicate contained 12 individual fruit.

The treatments:-

Guava fruits were immersed into one of an aqueous solution as the following:-

Tnu Treatments Tnu |Treatments

1 30 mM ammonium oxalate (AO) 2 30 mM potassium oxalate (PO)
3 50 ppm gibberellic acid (GAs) 4 100 ppm GAs

5 30 mM AO plus 50 ppm GAs 6 30 mM AO plus 100 ppm GA3
7 30 mM PO plus 50 ppm GA3 8 30 mM PO plus 100 ppm GA3
9 Distilled water (control)

Guava fruits were immersed in five liter of an aqueous solution containing
Tween-80 0.05% (v/v) to improve wettability and adherence to guavas surface for ten
minutes. After dipping treatments, fruits were air dried for 30 min at room
temperature by electric fan. All fruits were placed into unsealed plastic bags with a
thickness of 0.04 mm and each bag contained 6 individual fruit with 24 bags per
treatment and then packaged in cardboard boxes with dimensions of 45x35x10 cm.
Experimental boxes were stored at 8+1°C and 90+5% RH for 21 days. Each
treatment was examined at harvest time and each seven days intervals to examine
the effect of postharvest treatments on physical and chemical properties of guava
fruits.

2.1. The Physical Characteristics Measurements

2.1.1. Weight loss percentage was calculated by the following equation: [(A -
B)/Ax100], where A is the initial fruit weight and B is the fruit weight after each
period of cold storage.

2.1.2. Decay percentage was recorded by the weight of decayed fruits due to

fungus or any microorganisms infection and calculated as a percentage of the initial
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weight of fruits using the following formula: [(C/A)x100], where A is the initial fruit
weight and C is the decayed fruit weight after each period of cold storage.

2.1.3. Marketable fruits percentage was calculated by the following equation:
[(D/A)x100], where A is the fruit weight before storage and D is the sound fruit
weight after special storage period.

2.1.4.Visual appearance was measured by a rating system and fruit was scored
as very good =9, good = 7, acceptable = 5, unacceptable = 3 and poor = 1

2.1.4. Skin colour was measured by using a Minolta CR-400 Chroma Meter
(Minolta Co. Itd. Osaka, Japan). The skin colour measurement was expressed in
chromaticity values of lightness (L) and hue angel (h°). Three readings were taken at
different locations of each fruit during each data observation according to (McGuire,
1992).

2.1.5. Fruit firmness was measured in three guava fruits per replication at two
equatorial sites by using penetrometer (Effegi hand-held, facchini, Alfonsine, Italy)
equipped with an 8 mm cylindrical stainless steel plunger tip (Watkins and Harman,
1981). The firmness value was expressed in terms of Ib/inch? and data was calculated
as Newton/cm? by the following formula (1 Newton/cm? = 1.45 Ib/inch?).

2.2, The Chemical Characteristics Measurements

The juice extracted by crushing the pulp of guava fruit then filtered through a
muslin cloth and used for measuring the following:

2.2.1. Vitamin C value which was estimated according to (AOAC, 2000) and
presented as mg/100 ml of the juice.

2.2.2. Total soluble solids (TSS) and Titratable acidity (TA) content were
measured using a hand refractometer for TSS and as grams of citric acid per 100 ml
of juice for acidity according to (AOAC, 2000).

2.2.3. TSS/TA ratio was calculated by dividing the TSS values by total acidity.
2.3. Statistical analysis

This experiment was arranged in a completely randomized design. Recorded data
were analyzed statistically by analysis of variance (ANOVA) using the MSTAT-C
statistical package (M-STAT, 1993). Means comparison were done by Duncan’s
multiple range tests (DMRT) at probability < 0.05.

3. RESULTS AND DISCUSSION

3.1. Influence of postharvest treatments on fruits quality and storability of

winter guava fruits strain ‘Etmany’ during storage:-
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3.1.1. Physical characteristics:

Weight loss, decay, marketable percentage and visual appearance

In this experiment, data in Tables (1, 2, 3 and 4) revealed that, all studied
postharvest treatments significantly decreased fruit weight loss and decay percentage
of Guavas strain ‘Etmany’ than control (untreated) fruits. On the other hand, treated
fruits showed a significant increase in marketable percentage and visual appearance
as compared to control treatment in both seasons. In addition, fruits that dipped in
potassium or ammonium oxalate at 30 mM combined with gibberellic acid at 50 or 100
ppm concentration for 10 min were more effective in reducing weight loss and decay
percentage compared with other treatments.

Data also declared that, Fruits treated with 30 mM of potassium oxalate in
combination with gibberellic acid at 100 ppm followed by 30 mM of ammonium
oxalate in combination with gibberellic acid at 100 ppm possessed the highest
effectiveness in reducing fruits deterioration i.e. fruit weight, marketable percentage
and visual appearance score, and the lowest decay incidence during storage in the
two seasons compared with control treatments.

Data in table 1 indicated that fruits treated with 30 mM of potassium oxalate
plus gibberellic acid at 100 ppm recorded the lowest significant weight loss (2.92 &
4.15 %) and decay incidence (3.10 & 3.82 %) and recorded the highest marketable
fruits (94.15 & 92.30 %) and visual appearance score (8.75 & 8.67) in the first season
and the second season, respectively. On the other hand, control (untreated) fruits
exhibited the highest weight loss values (10.28 & 11.62 %) and decay incidence
(15.50 & 18.30 %) and exhibited the lowest marketable fruits (76.44 & 72.87 %) and
visual appearance score (5.50 & 5.17) in both seasons, respectively.

With respect to storage period effect, data in Tables (1, 2, 3 and 4)
demonstrated that weight loss and decay percentage were increased gradually and
significantly with prolonging of storage period in both seasons. On contrast, guava
fruits showed gradual and significant reduction in marketable percentage and visual
appearance with the advancement of storage period during the two seasons.

The interaction effect between pre-storage treatments and storage periods
showed significant differences at (p<0.05) for these parameters.

The increasing in weight loss and decay incidence may be due to the increase in
respiration, water evaporation, ripening and senescence process during storage and
shelf life (Zheng et al., 2012 and Reena, 2016).

Potassium or ammonium oxalate combined with gibberellic acid reduced the

weight loss and decay percentage, this reduction might be due to its anti-senescence,
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and anti-transpiration properties that cause the decrease in the tissue permeability,
reduce cellular metabolic activities. Hence reducing the physiological loss in weight
with enhancing resistant ability in the fruit leading to the delay in fruit ripening as
mentioned by (Zheng et al., 2007; Zheng et al., 2012 and Reena, 2016).

Previous work has showed that pre-storage potassium and ammonium oxalate
treatments increased disease resistance of mangoes (Zheng et al.,2012) by increasing
antioxidant activity, thus extended the storage time and decreased the decay
incidence during storage.

These results are in harmony with the findings of (Reena, 2016) on guavas and
(zZheng et al., 2012) on mangoes who indicated that, oxalate and gibberellic acid
postharvest treatments reduced weight loss percentage and decay incidence with an
increase in marketable fruit percentage during storage and shelf life.

Table 1. Influence of some postharvest treatments on weight loss percentage of
guava fruits strain ‘Etmany’ under cold storage conditions during 2015 and

2016 seasons.

Storage period (day)

Postharvest treatments 0+2 7+2 1442 21+2 Means
2015 Season
Distilled water (control) 2.67 kim 7.82 cf 12.76 b 17.89 a 10.28 A
30 mM ammonium oxalate (AO) 1.00 m 3.14 jkl 7.59 e-h 10.86 bcd 5.65 B
30 mM potassium oxalate (PO) 0.73 m 3.08 jki 7.17 e-i 9.03 cde 5.00 BC
50 ppm gibberellic acid (GAs) 1.03 m 3.27 jki 9.69 efg 11.39 bc 6.35 B
100 ppm GAs 0.87 m 3.19 jkl 7.00 fj 9.04 cde 5.02 BC
30 mM AO plus 50 ppm GA3 0.53 m 2.48 kim 5.05 g-j 8.48 def 4.14 CD
30 mM AO plus 100 ppm GA3 0.33 m 2.40 kim 3.28 il 7.83 efg 3.46 D
30 mM PO plus 50 ppm GA3 0.47 m 2.43 kim 4.04 h-k 8.22 def 3.79 CD
30 mM PO plus 100 ppm GAs 0.20 m 1.68 Im 3.21 il 6.58 e-h 292 D
Means 0.87 D 3.28 C 6.64 B 9.92 A
2016 Season
Distilled water (control) 3.25 ijk 10.36 efg 14.54 b 18.33 a 11.62 A
30 mM ammonium oxalate (AO) 1.59 jk 4.62 ijk 8.09 efg 12.55 bcd 6.71 BC
30 mM potassium oxalate (PO) 1.33 k 4.63 ijk 7.67 efg 10.56 c-f 6.05 BCD
50 ppm gibberellic acid (GAs) 1.63 jk 4.79 ijk 9.17 cde  13.07 bc 7.16 B
100 ppm GAs 1.46 k 4.76 ijk 7.50 efg 10.59 c-f 6.08 BCD
30 mM AO plus 50 ppm GAs3 1.13 k 3.36 ijk 6.98 ghi 10.11 def 5.39 CDE
30 mM AO plus 100 ppm GA3 0.93 k 3.27 ik 5.22 ijk 9.46 efg 4.72 DE
30 mM PO plus 50 ppm GA3 1.06 k 3.35 ijk 6.00 hij 9.97 def 5.10 DE
30 mM PO plus 100 ppm GAs 0.80 k 2.57 jk 5.07 ijk 8.14 fgh 4.15 E
Means 1.46 D 4.63 C 7.81 B 11.42 A

Means followed by the same letters season are not significantly different at level P < 0.05 according to DMRT.
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Table 2. Influence of some postharvest treatments on decay percentage of guava
fruits strain ‘Etmany’ under cold storage conditions during 2015 and 2016

seasons.
Storage period (day)
Postharvest treatments 0+2 7+2 1442 21+2 Means
2015 Season
Distilled water (control) 0.00 j 12.85 c-h 18.40 b 30.77 a 15.50 A
30 mM ammonium oxalate (AO) 0.00 j 7.46 e-i 12.20 c¢-h 17.43 bc 9.27 B
30 mM potassium oxalate (PO) 0.00 j 4.84 hij 11.96 ci 15.83 bcd 8.16 BC
50 ppm gibberellic acid (GAs) 0.00 j 6.67 f-j 14.35 c-g 18.20 bc 9.80 B
100 ppm GAs 0.00 j 5.82 g 12.13 ¢-h 16.22 bed 8.54 B
30 mM AO plus 50 ppm GA3 0.00 j 0.00 j 6.72 f 12.47 b-e 480 CD
30 mM AO plus 100 ppm GAs 0.00 j 0.00 j 5.67 hij 10.54 c-h 4,05 D
30 mM PO plus 50 ppm GAs 0.00 j 0.00 j 6.45 g 12.85 b-f 483 CD
30 mM PO plus 100 ppm GA3 0.00 j 0.00 j 438 ij 8.02 d-i 310 D
Means 0.00 D 418 C 10.25 B 15.81 A
2016 Season
Distilled water (control) 0.00 g 14.23 b-e 2325 b 3573 a 18.30 A
30 mM ammonium oxalate (AO) 0.00 g 9.12 dg 13.43 b-f 19.69 b 10.56 B
30 mM potassium oxalate (PO) 0.00 g 6.29 efg 13.16 b-f 17.42 bc 9.22 BC
50 ppm gibberellic acid (GA3) 0.00 g 7.80 d-g 14.92 bcd 20.04 b 10.69 B
100 ppm GA3 0.00 g 7.40 efg 13.35 b-f 1832 b 9.77 B
30 mM AO plus 50 ppm GA3 0.00 g 0.00 g 7.51 d-g 16.13 b-f 591 CD
30 mM AO plus 100 ppm GA3 0.00 g 0.00 ¢ 6.34 efg 14.01 b-f 509 D
30 mM PO plus 50 ppm GA3 0.00 g 0.00 ¢ 7.21 d-g 15.66 b-e 5.72 CD
30 mM PO plus 100 ppm GA3 0.00 g 0.00 ¢ 5.07 fg 10.19 cf 382 D
Means 0.00 D 498 C 11.58 B 18.58 A

Means followed by the same letters season are not significantly different at level P < 0.05 according to DMRT.

Table 3. Influence of some postharvest treatments on marketable percentage of
S?ga fruits strain ‘Etmany’ under cold storage conditions during 2015 and
seasons.

Storage period (day)
Postharvest treatments 0+2 742 14+2 2142 Means
2015 Season
Distilled water (control) 97.33 abc 80.49 hij 71.07 | 56.87 m 76.44 D
30 mM ammonium oxalate (AQ) 99.00 a 89.65 d-g 81.12 ghi 74.09 K 8596 BC
30 mM potassium oxalate (PO) 9927 a 9220 o 82.02 e-i 78.27  hij 87.94 B
50 ppm gibberellic acid (GAs) 9897 a 9032 de 7754  hij 71.23 K 8451 C
100 ppm GAs 99.13 a 9118 d 81.60 f-i 76.41 ijk 87.08 BC
30 mM AO plus 50 ppm GAs 99.47 a 9752 abc 88.40 d-g 80.10 hij 91.37 A
30 mM AO plus 100 ppm GA3 99.67 a 97.60 abc 91.24 d 82.47 hij 9274 A
30 mM PO plus 50 ppm GA3 9953 a 9757 abc 89.76  def 79.98 hij 9171 A
30 mM PO plus 100 ppm GA3 99.80 a 9832 ab 92.57 bcd 85.90 d-h 9415 A
Means 99.13 A 9276 B 8392 C 76.15 D
2016 Season

Distilled water (control) 96.75 abc 76.65 fgh 65.55 i 5253 j 72.87

30 mM ammonium oxalate (AQ) 9841 ab 86.70 d 79.55 fgh 70.77 hi 83.86

30 mM potassium oxalate (PO) 98.67 ab 89.35 bcd 80.49 efg 7575 gh 86.06 BC
50 ppm gibberellic acid (GAs) 98.37 ab 8782 d 77.63 ghi 68.13 i 8299 C
100 ppm GAs 9854 ab 8819 o 80.01 fg 73.26 ghi 85.00 C
30 mM AO plus 50 ppm GAs 98.87 ab 96.64 abc 85.86 de 75.39 fgh 89.19 AB
30 mM AO plus 100 ppm GA3 99.07 a 96.73 abc 88.77 77.87 efg 90.61 A
30 mM PO plus 50 ppm GA3 98.94 ab 96.65 abc 87.21 d 75.90 fgh 89.68 A
30 mM PO plus 100 ppm GA3 99.20 a 9743 abc 90.12 a-d 8247 def 9230 A

Means 9854 A 9069 B 8169 C 7245 D

Means followed by the same letters season are not significantly different at level P < 0.05 according to DMRT.
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Table 4. Influence of some postharvest treatments on visual appearance of guava

fruits strain ‘Etmany’ under cold storage conditions during 2015 and 2016

Sseasons.
Storaae period (dav)
Postharvest treatments 0+2 7+2 14+2 2142 Means
2015 Season
Distilled water (control) 9.00 a 6.33 def 4.00 a 2.67 h 5.50 D
30 mM ammonium oxalate (AO) 9.00 a 8.67 ab 6.33 def 5.00 fa 7.25 C
30 mM potassium oxalate (PO) 9.00 a 9.00 a 7.67 bcd 6.00 ef 7.92 BC
50 ppm aibberellic acid (GA3) 9.00 a 8.67 ab 6.00 ef 5.00 fa 7.17 C
100 ppm GAs 9.00 a 9.00 a 7.33 bed 6.00 ef 7.83 BC
30 mM AO plus 50 ppm GAs 9.00 a 9.00 a 8.33 ab 6.67 c-f 8.25 AB
30 mM AO plus 100 ppm GAs 9.00 a 9.00 a 8.67 ab 7.33 b-e 8.50 AB
30 mM PO plus 50 ppm GA3 9.00 a 9.00 a 8.33 ab 7.00 c-f 8.33 AB
30 mM PO plus 100 ppm GAs 9.00 a 9.00 a 9.00 a 8.00 abc 8.75 A
Means 9.00 A 8.63 A 7.30 B 5.96 C
2016 Season
Distilled water (control) 9.00 a 6.00 def 3.67 ah 2.00 h 5.17 E
30 mM ammonium oxalate (AO) 9.00 a 8.33 ab 6.00 def 5.00 fa 7.08 CD
30 mM potassium oxalate (PO) 9.00 a 9.00 a 7.33 a-e 5.67 ef 7.75 BC
50 ppm aibberellic acid (GA3) 9.00 a 8.33 ab 5.67 ef 5.00 fa 7.00 D
100 ppm GAs 9.00 a 9.00 a 7.33 a-e 5.67 ef 7.75 BC
30 mM AO plus 50 ppm GAs3 9.00 a 9.00 a 8.00 abc 6.33 cf 8.08 AB
30 mM AO plus 100 ppm GAs 9.00 a 9.00 a 8.33 ab 7.00 a-e 8.33 AB
30 mM PO plus 50 ppm GA3 9.00 a 9.00 a 8.00 abc 6.33 b-e 8.08 AB
30 mM PO plus 100 ppm GA3 9.00 a 9.00 a 9.00 a 7.67 a-d 8.67 A
Means 9.00 A 852 B 7.04 C 5.63 D

Means followed by the same letters season are not significantly different at level P < 0.05 according to DMRT.
Fruit firmness

Fruit firmness is often the first quality character judged by the consumer and
extremely important in overall product acceptance. Fruit firmness changes during 21
days of storage at 8°C plus two days shelf life are shown in Table 5. The firmness
values of treated guavas fruits strain ‘Etmany’ were significantly higher compared to
the control (untreated) fruits. 30 mM potassium or ammonium oxalate in combination
with gibberellic acid at 100 ppm caused higher firmness values than the other
treatments in the two seasons.

Fruits treated with dipping in 30 mM potassium oxalate plus gibberellic acid at
100 ppm recorded the highest significant value of firmness (6.01 & 5.08 N/cm?) in the
two seasons, respectively. On contrary, untreated fruits showed the lowest firmness
values (4.04 & 3.55 N/cm?) in both seasons, respectively

Regarding the effect of storage period, data in Table 5 indicated that, a gradual
and significant decrease in fruit firmness was observed during storage period in the
two seasons.

Referring to the interaction effect, there was a significant interaction between
pre-storage treatments and storage periods at (p<0.05) for firmness in both seasons

in this study.
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Our results are in agreement with those obtained by Vicente et al. (2007) who
indicated that, guava suffers a rapid loss of firmness during senescence, which
contributes greatly to its short postharvest life and susceptibility to fungal
contamination. The rate of fruit firmness losses may influence not only fruit quality
but also the storage life. The loss in fruit firmness starts with the conversion of
insoluble protopectin into water soluble pectin and also associated with dissolution of
the middle lamallae that lead to an increase of pectin solubility and depolymerization
of matrix polysaccharides. Hydrolytic enzyme activity such as pectin methylesterase,
polygalacturonase and betagalactosidase are contributor in reduced rigidity of cell
walls and an increase in activities of these enzymes leading to fruit softening (Payasi
et al., 2009). Also, Reena, (2016) reported that, guava fruits treated with gibberellic
acid showed higher firmness as compared to untreated.

Hence, the maintenance of higher firmness by application of potassium or
ammonium oxalate and gibberellic acid especially in combination may be due to the
role of these compounds in maintaining cellular organization and reducing cell wall
enzyme activities. That led to slowing down the ripening process by retarding the pre
climacteric respiration rate and consequently ethylene production (Zheng et al.,
20073, b; Zheng et al., 2012 and Reena, 2016).

Table 5. Influence of some postharvest treatments on firmness (N/cm?) of guava
fruits strain ‘Etmany’ under cold storage conditions during 2015 and 2016

Seasons.
Storaae period (dav)
Postharvest treatments 0+2 7+2 14+2 2142 Means
2015 Season
Distilled water (control) 6.69 ab 4.37 ah 3.18 Im 191 n 4.04 F
30 mM ammonium oxalate (AO) 6.81 ab  5.18 cde 4.10 i 2.52 Im 4.65 DE
30 mM potassium oxalate (PO) 6.83 ab 551 cd 4.58 aghi 2.87 ki 495 C
50 ppm aibberellic acid (GA3) 6.80 ab  4.99 def 3.74 i 229 m 4.46 E
100 ppm GAs 6.81 ab 5.45 cd 4.47 hi 2.83 kl 4.89 CD
30 mM AO plus 50 ppm GA3 6.84 ab 5.87 cd 4.78 fah 3.45 ik 523 B
30 mM AO plus 100 ppm GAs 6.85 a 6.55 b 5.45 cde 4.14 hi 575 A
30 mM PO plus 50 ppm GA3 6.84 ab 6.03 c 5.07 efa 3.82 ii 5.44 B
30 mM PO plus 100 ppm GA3 6.87 a 6.78 ab 5.72 cd 4.66 fah 6.01 A
Means 6.82 A 5.64 B 4.57 C 3.16 D
2016 Season
Distilled water (control) 6.16 a 4.13 ik 2.39 no 1.52 r 355 F
30 mM ammonium oxalate (AO) 6.37 a 4.89 def 3.58 ikl 2.37 pa 4.30 DE
30 mM potassium oxalate (PO) 6.40 a 5.20 cde 4.03 a-i 2.71 op 459 C
50 ppm aibberellic acid (GA3) 6.36 a 4.71 e-h 3.24 Im 2.16 ar 412 E
100 ppm GAs 6.38 a 5.14 cde  3.93 hii 2.67 opa 4.53 CD
30 mM AO plus 50 ppm GA3 6.42 a 5.24 ¢ 4.23 f-i 3.08 mn 4.74 BC
30 mM AO plus 100 ppm GAs 6.45 a 5.89 ab 4.86 cde 3.83 ikl 5.26 A
30 mM PO plus 50 ppm GAs 6.43 a 5.40 bc 4,51 efq 3.53 kim 497 B
30 mM PO plus 100 ppm GAs 6.48 a 6.11 a 5.12 cd 4,23 f-i 548 A
Means 6.38 A 5.19 B 3.99 C 290 D

Means followed by the same letters season are not significantly different at level P < 0.05 according to DMRT.
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Skin colour and lightness

Colour is an important factor determining the appearance of fruits and
consequently its quality. The perusal in Tables 6 and 7 indicated that, all pre-storage
treatments especially in combination treatments significantly delayed guava fruits
strain ‘Etmany’ skin colour development during storage compared with untreated
fruits. Fruit colour, represented as hue angle value, changed from yellowish green
(more than 90) to greenish yellow or yellow (less than 90). Also, these treatments
significantly reduced the decreasing rate of gloss, represented as, lightness as
compared to control fruits in both seasons. Thus, treated fruits still greener and
glossier than untreated fruits. Guava fruits treated with 30 mM potassium or
ammonium oxalate plus gibberellic acid at 100 ppm were superior in constricting the
changing rate of skin colour and showed the highest values of hue angle and lightness
than the other treatments.

Fruits treated with 30 mM potassium oxalate plus gibberellic acid at 100 ppm as
dipping treatment gained the maximum values of hue angle (99.63 & 94.29) and
lightness (79.62 & 80.67) compared with the other treatments. On the other hand,
control fruits recorded the minimum values of both hue angle (89.07 & 84.24) and
lightness (70.56 & 70.39) in the two seasons, respectively.

As the effect of storage period, skin colour of guava fruits changed directly from
yellowish green to yellow during storage at 8°C plus two days at ambient temperature
(18-23°C). On the other side, lightness values gradually and significantly decreased
with prolonging storage period during the two seasons in this experiment. The
interaction effect between pre-storage treatments and storage periods showed
significant difference interactions at (p<0.05) for hue angle and lightness during the
two seasons in this research. Decreasing in hue angle values with the advancement of
storage period probably was due to the disappearance of the green colour in fruits
because of chlorophyll degradation and the concomitant unmasking or synthesis of
carotenoids which gives the fruits a yellow color (Shewfelt, 1993). Gibberellic acid
reported to extend the storage life of citrus fruits by delaying chlorophyll degradation
and the fruit senescence (Mohamed et al., 2016a). Moreover, pre-storage application
with gibberellic acid delayed skin colour development during storage by retards
ripening process of mangoes (Mohamed et al, 2016b) and bananas (Duguma et al.,

2014). Furthermore, oxalic acid treatment
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Table 6. Influence of some postharvest treatments on color represented as hue angle
of guava fruits strain ‘Etmany’ under cold storage conditions during 2015
and 2016 seasons.

Storage period (day)

Postharvest treatments 0+2 742 14+2 2142 Means
2015 Season
Distilled water (control) 108.49 a 90.04 fgh 82.43 k 75.31 | 89.07 G
30 mM ammonium oxalate (AO) 110.36 a 9751 «cd 86.25 ij 84.94 j 94.76 F
30 mM potassium oxalate (PO) 110.66 a 98.85 bc 88.78 ghi 85.86 ij 96.04 DEF
50 ppm gibberellic acid (GAs) 110.32 a 98.73 bc 87.24 hij 85.61 j 95.48 EF
100 ppm GAs 110.72 a 99.06 bc 88.83 ghi 86.19 ij 96.20 DE
30 mM AO plus 50 ppm GA3 110.88 a 99.20 bc  90.04 fgh 87.69 hij 96.95 CD
30 mM AO plus 100 ppm GA3 111.10 a 100.89 b 93.77 e 89.54 gh 98.82 AB
30 mM PO plus 50 ppm GA3 110.95 a 100.52 b 92.66 ef 88.61 ghi 98.18 BC
30 mM PO plus 100 ppm GA3 111.47 a 101.42 b 9493 de 90.71 fg 99.63 A
Means 11055 A 9847 B 89.44 C 86.05 D
2016 Season
Distilled water (control) 102.67 b 85.21 fgh 76.34 | 72.75 m 84.24 G
30 mM ammonium oxalate (AO) 104.44 ab 92.28 d 81.62 ijk  80.38 K 89.68 F
30 mM potassium oxalate (PO) 104.72 ab 93.54 «cd 84.02 ghi 81.25 jk 90.89 DEF
50 ppm gibberellic acid (GAs) 10440 ab 93.43 «cd 82.56 h-k 81.02 k 90.35 EF
100 ppm GAs 104.84 ab 93.75 cd 84.07 ghi 81.56 ijk 91.06 DE
30 mM AO plus 50 ppm GA3 10493 ab 93.88 «cd 85.21 fgh 8299 h-k 91.75 CD
30 mM AO plus 100 ppm GA3 105.14 ab 95.47 ¢ 88.74 e 84.74 gh 93.52 AB
30 mM PO plus 50 ppm GA3 105.00 ab 95.12 ¢ 87.69 ef 83.86 g-j 92.92 BC
30 mM PO plus 100 ppm GA3 105.49 a 9598 ¢ 89.84 e 85.85 fg 94.29 A
Means 104.62 A 93.19 B 84.45 C 81.60 D

Means followed by the same letters season are not significantly different at level P < 0.05 according to DMRT.
Table 7. Influence of some postharvest treatments on lightness of guava fruits strain
‘Etmany’ under cold storage conditions during 2015 and 2016 seasons.

Storage period (day)

Postharvest treatments 0+2 742 1442 2142 Means
2015 Season
Distilled water (control) 81.43 ab 74.03 gh 67.10 k 59.66 | 70.56 E
30 mM ammonium oxalate (AO) 82.79 a 78.43 cf 72.23 gh 67.01 j 75.12 D
30 mM potassium oxalate (PO) 83.01 a 79.85 b-e 74.32 fg 69.08 hij 76.56 CD
50 ppm gibberellic acid (GAs) 82.76 a 78.56 cf 72.88 gh 67.69 ij 75.47 D
100 ppm GAs 82.90 a 79.68 b-e  74.65 fg 68.65 hij 76.47 CD
30 mM AO plus 50 ppm GA3 83.17 a 79.61 b-e 75.98 fg 72.14 ghi 77.72 BC
30 mM AO plus 100 ppm GA3 83.35 a 80.19 bcd 77.34 efg 74.25 fg 78.78 AB
30 mM PO plus 50 ppm GA3 83.23 a 80.05 bcd 76.83 fg 72.84 gh 78.24 AB
30 mM PO plus 100 ppm GA3 83.63 a 81.60 abc 78.47 def 74.77 fg 79.62 A
Means 82.92 A 79.11 B 7442 C 69.57 D
2016 Season
Distilled water (control) 83.00 a-f 74.53 kkm 65.46 n 58.58 o 70.39 E
30 mM ammonium oxalate (AO) 84.39 a-e 78.95 f-i 74.19 m 70.36 n 76.97 D
30 mM potassium oxalate (PO) 84.61 abc 80.39 c-h 76.32 jm 72.47 n 78.45 BCD
50 ppm gibberellic acid (GAs) 84.36 a-e 79.08 f-i 74.85 Im 71.05 n 77.34 CD
100 ppm GA3 84.62 a-d 80.21 d-h 76.66 j-m  72.03 n 78.38 BCD
30 mM AO plus 50 ppm GA3 84.78 ab  80.14 e-h 75.98 il 74.06 m 78.74 BC
30 mM AO plus 100 ppm GA3 8496 ab 80.74 b-g 77.36 g-j 76.21 j-m 79.82 AB
30 mM PO plus 50 ppm GA3 84.84 ab 80.60 b-h  76.84 h-k 74.77 Im 79.26 AB
30 mM PO plus 100 ppm GA3 85.24 a 82.18 a-f 78.52 f-i 76.74 j-m 80.67 A
Means 84.53 A 79.65 B 75.13 C 71.81 D

Means followed by the same letters season are not significantly different at level P < 0.05 according to DMRT.
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increased hue angle value and constricted the variability in skin colour during
storage of oranges (Mohamed et al., 2016a) and bananas (Huang et al., 2013).

In this research, the higher colour retention of guavas by retaining the highest hue
angle value with potassium or ammonium oxalate and gibberellic acid especially in
combination treatments as compared with control (untreated) fruits may be due to
the slower change of chlorophyll into carotenoids. Moreover, all studied treatments
especially in combination treatments increased the gloss of guavas represented as
lightness than control treatment, which might be due to its anti senescence action
(Mohamed et al., 2016).

3.1.2. Chemical Characteristics:

Vitamin C contents, Total Soluble Solids (TSS), Total Acidity (TA) and TSS /
TA ratio

Data tabulated in Tables 8, 9, 10 and 11 dlearly indicated that all postharvest
treatments of guava fruits strain ‘Etmany’ significantly reduced the deterioration rate
in vitamin C content and TA than control (untreated) fruits. However, the decreases in
vitamin C content and TA during storage were more rapid in control fruits. In addition,
treated guavas significantly slowed an increase in TSS content and TSS/TA ratio as
compared to control (untreated) guavas during the two seasons under this study.
Moreover, fruits treated with 30 mM potassium or ammonium oxalate plus gibberellic
acid at 100 ppm were significantly had the highest values of Vitamin C and titratable
acidity as well as the lowest values of TSS and TSS/TA ratio in both seasons.

In addition, fruits treated with 30 mM potassium oxalate in combination with
gibberellic acid at 100 ppm as a dipping treatment had the highest values of vitamin C
(100.08 & 96.79 mg/100 ml juice) and TA (0.82 & 0.74), and the lowest values of TSS
(9.15 & 9.39 °Brix) and TSS/TA ratio (11.29 & 12.71) in the two seasons, respectively.
On contrary, control fruits recorded the lowest vitamin C content (83.65& 80.10
mg/100 ml juice) and TA (0.59& 0.52), while recorded the highest TSS (9.75& 10.00
°Brix) and TSS/TA ratio (18.45 & 22.05) in the first and second seasons, respectively.

As for the effect of storage time, declining trend in vitamin C content and TA
was observed with advancing the storage period at 8°C plus two days at ambient
temperature (18-23°C) in the two seasons. On the other side, TSS content
significantly increased up to 14 days of cold storage plus 2 days shelf life followed by
a slight and insignificant decrease until end of the experiment, while rising trend in
TSS/TA ratio was recorded with the advancement of storage period in both seasons.

Data also declared that, there was a significant interaction among pre-storage
treatments and storage periods at (p<0.05) for these attributes in both seasons in the

current study. The loss of ascorbic acid content of guavas during storage time might
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be due to rapid conversion of L-ascorbic acid into dehydroascorbic acid in the
presence of oxidizing enzymes like ascorbic acid oxidase and ascorbate peroxidase
(Mapson, 1970).

Increased vitamin C content in Guavas strain ‘Etmany’ treated with potassium or

ammonium oxalate and gibberellic acid especially in combination may be ascribed to
reducing respiration of fruits or oxidation of ascorbic acid content by suppression of
ascorbate oxidase activity. These results are in line with the findings of (Reena, 2016)
in guavas (Zheng et al., 2007 and Mohamed et al., 2016b) in mangoes, (Duguma et
al., 2014) in bananas and (Mohamed et al., 2016a) in Valencia oranges, they reported
that vitamin C was retained by using gibberellic acid or oxalic acid treatment during
storage. Moreover, they demonstrated that vitamin C decreased with the elongation of
storage time.
A progressive decline in TA of guavas during storage might be due to utilization of
organic acids in respiration process and conversion of acids into salts and sugars by
the enzymes (Kays, 1991). On the other hand, the increasing trend in TSS during
storage time may possibly be due to hydrolysis of starch into sugars, and due to the

Table 8. Influence of some postharvest treatments on vitamin C content as mg/100
ml of the juice of guava fruits strain ‘Etmany’ under cold storage conditions
during 2015 and 2016 seasons.

Storage period (day)

Postharvest treatments 0+2 7+2 1442 21+2 Means
2015 Season
Distilled water (control) 111.28 a 86.67 f- 73.33 | 63.33 m 83.65 D
30 mM ammonium oxalate (AO) 112.82 a 9333 b-g 84.76 gk 77.22 kK 92.03 C
30 mM potassium oxalate (PO) 113.85 a 9636 b-f 89.52 c-g 80.00 h-k 94.93 BC
50 ppm gibberellic acid (GAs) 112.82 a 9394 b-g 86.19 f 77.78 jki 92.68 C
100 ppm GAs 11333 a 95.15 b-f 87.62 d-h 78.89 ijk 93.75 C
30 mM AO plus 50 ppm GA3 113.85 a 99.39 bc 92.86 b-f 86.11 f-j 98.05 AB
30 mM AO plus 100 ppm GA3 11436 a 101.21 b 94.29 bcd 87.78 d-h 99.41 A
30 mM PO plus 50 ppm GA3 114.35 a  100.00 bc 93.33 b-e 86.67 eii  98.59 A
30 mM PO plus 100 ppm GA3 11436 a 101.82 b 95.24 bc  88.89 c-g 100.08 A
Means 11345 A 96.43 B 88.57 C 80.74 D
2016 Season
Distilled water (control) 106.00 a 83.89 h-k 70.00 m 60.51 n 80.10 D
30 mM ammonium oxalate (AO) 107.80 a 88.89 d-i 8222 jk 75.90 m 88.70 C
30 mM potassium oxalate (PO) 108.08 a 91.67 b-e 87.78 ej 7897 kim 91.62 BC
50 ppm gibberellic acid (GAs) 107.76 a 89.44 ch 83.89 ijk 7641 m 89.38 C
100 ppm GAs 10795 a 90.56 b-f 8556 gj 77.44 Im 9037 C
30 mM AO plus 50 ppm GA3 10831 a 94.44 bcd 91.67 d-i  84.10 ijk 94.63 AB
30 mM AO plus 100 ppm GA3 108.53 a 96.11 bc 93.33 ¢.g 86.15 gj 96.03 A
30 mM PO plus 50 ppm GA3 10838 a 95.00 becd 9222 d-i 85.13 h-k 95.18 AB
30 mM PO plus 100 ppm GA3 108.89 a 96.67 b 94.44 b-f 87.18 f-j 96.79 A
Means 10797 A 9185 B 86.79 C 79.09 D

Means followed by the same letters season are not significantly different at level P < 0.05 according to DMRT.
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Table 9. Influence of some postharvest treatments on TSS content of guava fruits
strain ‘Etmany’ under cold storage conditions during 2015 and 2016
seasons.

Storage period (day)

Postharvest treatments 0+2 7+2 14+2 2142 Means
2015 Season

Distilled water (control) 8.07 | 10.80 abc 10.53 b-e 9.60 ghi 9.75 AB
30 mM ammonium oxalate (AO) 8.05 | 9.67 ij 11.00 ab 10.60 a-e 9.83 A
30 mM potassium oxalate (PO) 8.05 | 9.60 j 10.93 abc 10.67 a-e 9.81 A
50 ppm gibberellic acid (GAs) 8.06 | 9.73 hij 11.07 a 10.53 b-e 9.85 A
100 ppm GA3 8.05 | 9.53 jk 10.90 abc 10.73 a-d 9.80 A
30 mM AO plus 50 ppm GA3 8.04 | 9.27 j 10.40 b-e 10.73 abc 9.61 AB
30 mM AO plus 100 ppm GA3 8.03 | 9.07 jk 10.00 def 10.33 a-e 9.36 CD
30 mM PO plus 50 ppm GA3 8.03 | 9.20 jk 10.33 cde 10.60 a-d 9.54 BC
30 mM PO plus 100 ppm GA3 8.02 | 8.87 k 9.67 fgh 10.07 efg 9.15 D
Means 8.04 C 9.53 B 10.54 A 10.43 A
2016 Season
Distilled water (control) 8.33j 11.07 abc 10.67 a-e 9.93 fgh 10.00 A
30 mM ammonium oxalate (AO) 8.27 j 9.53 fg 11.13 a 10.73 a-d 9.92 AB
30 mM potassium oxalate (PO) 8.26 j 9.47 fgh 11.00 ab 10.80 abc 9.88 AB
50 ppm gibberellic acid (GAs) 8.27 j 9.60 fg 11.20 a 10.67 a-e 9.93 AB
100 ppm GAs 8.25 j 9.40 fgh 11.07 ab 10.87 abc  9.90 AB
30 mM AO plus 50 ppm GA3 8.24 j 9.47 ghi 10.67 b-e 10.93 abc 9.83 ABC
30 mM AO plus 100 ppm GA3 8.23 j 9.20 hi 10.40 ef 10.73 cde 9.64 C
30 mM PO plus 50 ppm GA3 8.24 j 9.33 ghi 10.60 cde 10.87 a-d 9.76 BC
30 mM PO plus 100 ppm GA3 8.22 j 9.00 i 10.00 fg 10.33 def 939 D
Means 8.26 C 9.56 B 10.75 A 10.65 A

Means followed by the same letters season are not significantly different at level P < 0.05 according to DMRT.

Table 10. Influence of some postharvest treatments on TA (g citric acid/100 ml juice)
of guava fruits strain ‘Etmany’ under cold storage conditions during 2015
and 2016 seasons.

Storage period (day)

Postharvest treatments 0+2 742 14+2 2142 Means
2015 Season
Distilled water (control) 0.82 ad 0.63 il 0.51 m 0.40 n 0.59 C
30 mM ammonium oxalate (AO) 0.84 abc 0.69 f-i 0.59 il 0.51 Im 0.66 B
30 mM potassium oxalate (PO) 0.87 abc 0.71 e-h 0.62 h-k 0.57 j-m 0.69 B
50 ppm gibberellic acid (GAs) 0.84 abc 0.67 g-j 0.57 j-m 0.49 Im 0.64 B
100 ppm GAs 0.87 ab 0.69 e-h 0.62 h-k 0.55 kim 0.68 B
30 mM AO plus 50 ppm GA3 0.87 ab 0.83 abc 0.76 c-f 0.68 e-h 0.78 A
30 mM AO plus 100 ppm GA3 0.89 a 0.85 a-d 0.79 ad 0.72 cf 0.81 A
30 mM PO plus 50 ppm GA3 0.89 ab 0.83 abc 0.76 b-e 0.70 d-g 0.79 A
30 mM PO plus 100 ppm GA3 0.89 a 0.85 ab 0.81 abc  0.74 b-e 0.82 A
Means 0.86 A 0.75 B 0.67 C 0.60 D
2016 Season
Distilled water (control) 0.73 ad 0.54 gl 0.45 Imn 036 n 0.52 D
30 mM ammonium oxalate (AO) 0.75 abc 0.60 e-j 0.54 i-m 0.47 Imn  0.59 C
30 mM potassium oxalate (PO) 0.75 ab 0.63 d-i 0.56 h-l 0.51 j-m 0.61 C
50 ppm gibberellic acid (GAs) 0.75 abc 0.58 f-k 0.51 j-m 0.47 mn 0.58 C
100 ppm GAs 0.77 ab 0.63 e 0.56 h-l 0.49 kkm 0.61 C
30 mM AO plus 50 ppm GA3 0.77 ab 0.74 ad 0.67 a-f 0.63 f-j 0.70 B
30 mM AO plus 100 ppm GA3 0.79 a 0.71 ab 0.71 af 0.67 c-h 0.72 AB
30 mM PO plus 50 ppm GA3 0.77 a 0.74 ad 0.69 a-f 0.65 e-i 0.71 AB
30 mM PO plus 100 ppm GA3 0.79 a 0.76 ab 0.74 a-e 0.69 b-g 0.74 A
Means 0.76 A 0.66 B 0.60 C 0.55 D

Means followed by the same letters season are not significantly different at level P < 0.05 according to DMRT.
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Table 11. Influence of some postharvest treatments on TSS / TA ratio of guava fruits
strain ‘Etmany’ under cold storage conditions during 2015 and 2016
Seasons.

Storage period (day)
Postharvest treatments 0+2 7+2 14+2 2142 Means
2015 Season

Distilled water (control) 9.85 ij 17.32 bc 2095 b 25.66 a 18.45 A
30 mM ammonium oxalate (AO) 9.57 j 13.99 efg 18.56 bc 21.02 bc 1579 B
30 mM potassium oxalate (PO) 9.30 j 13.53 e-h 18.11 cd 18.80 bc 1494 B
50 ppm gibberellic acid (GAs) 9.58 j 14.53 ef 19.32 bc 21.70 b 16.28 B
100 ppm GAs 9.33 j 13.98 e-h 17.98 cd 19.52 bc 15.20 B
30 mM AO plus 50 ppm GAs 9.29 j 11.23 g§ 13.68 efg 1584 de  12.51 C
30 mM AO plus 100 ppm GAs 9.05 j 10.85 g 1275 e-i  14.45 efg 11.78 C
30 mM PO plus 50 ppm GA3 9.06 j 11.15 g§  13.57 e-h 1521 ef 12.25 C
30 mM PO plus 100 ppm GA3 9.04 j 10.54 hij 12.02 f 13.57 ech  11.29 C
Means 934 D 13.02 C 16.33 B 18.42 A

2016 Season

Distilled water (control) 11.50 Kl 20.85 c-g 24.02 bc 31.82 a 22.05 A
30 mM ammonium oxalate (AO) 11.08 | 15.81 g-j 20.77 b-e 23.23 bc 17.72 B
30 mM potassium oxalate (PO) 11.06 | 15.19 g-k 19.98 b-f 21.09 b-e 16.83 B
50 ppm gibberellic acid (GAs) 11.08 | 16.57 f-i 21.89 bcd  24.08 b 18.41 B
100 ppm GA3 10.74 | 15.31 g+ 20.06 b-f 22.21 bcd 17.08 B
30 mM AO plus 50 ppm GA3 10.73 | 12.91 il 16.04 g-k 17.52 d-h 1430 C
30 mM AO plus 100 ppm GA3 10.44 | 12.89 i-l 14.57 h-l 16.14 f-j 13.51 CD
30 mM PO plus 50 ppm GA3 10.73 | 12.73 il 15.32 g-k 16.80 e-h 13.90 CD
30 mM PO plus 100 ppm GA3 10.43 | 11.90 jki 13.57 h-l 14.94 g-k 12.71 D
Means 10.87 D 1491 C 18.47 B 20.87 A

Means followed by the same letters season are not significantly different at level P < 0.05 according to DMRT.
increase of water soluble galacturonic acids as a results of degradation of pectic
substances by Hydrolytic enzymes (Reena, 2016), while a slight decline in this
parameter at end of storage could be attributed to utilization of TSS in respiratory
processes and degradation soluble sugars into alcohols and water (Kays, 1991).

Citric acid is the major organic acid in guava fruits and the faster reduction in
acidity causing rise to a faster senescence (Nag et al., 2011). Higher TA, delayed an
increment of TSS content and TSS/TA ratio in guavas treated with potassium or
ammonium oxalate and gibberellic acid especially in combination may be due to
slowing down the fruits ripening and delaying physiological ageing by reducing
respiration rate and ethylene production as reported by (Zheng et al., 2007; Huang et
al., 2013; Duguma et al., 2014; Reena, 2016).

Our results are in agreement with the findings of (Reena, 2016) on guavas,
(Zheng et al., 2007 and Zheng et al., 2012.and Mohamed et al., 2016b) on mangoes.
They reported that application of oxalic acid, oxalate and gibberellic acid treatments
slowed the increase rate of TSS with an increase in TA content as compared to
untreated treatment. In addition, they mentioned that TSS increased during storage
period followed by a gradual decrease until end of storage, while TA decreased
gradually with the advancement of storage period. Also, our results are in accordance
with those reported by (Mohamed et al, 2016a, b) they claimed that treating
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mangoes fruits after harvest with oxalic acid or gibberellic acid significantly reduced
TSS/TA ratio of citrus and mango fruits as compared to control (untreated) fruits.
Furthermore, they added that TSS/TA ratio increased with the progress of storage

time.
CONCLUSION

Generally, our experiment indicated that, the postharvest treatments of guava
fruits strain ‘Etmany’ with 30 mM potassium or ammonium oxalate and gibberellic acid
at 50 or 100 ppm either individual or in combinations significantly minimized
physiological loss in weight, reduced decay incidence, maximized marketable
percentage as well as fruit quality i.e. TSS, TA and vitamin C during cold storage.
Finally, these treatments seemed to be promised since they are suppress postharvest
deterioration of physico-chemical attributes as well as extend storage life of guava
fruits strain ‘Etmany’ up to 21 days at 8°C plus 2 days shelf life at 18-23°C.
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