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Abstract

In this study, mango fruits (Mangifera indica L.) were stored together with sweet peppers to simulate
mixed load shipping conditions. Sheets of Nitric oxide with different concentrations (40, 60 and 80 ml/I) were
placed in mango packages. Sets with different treatments of treated and or untreated (control) mango fruits
were placed together with sweet peppers, then each of treatments was kept separated in cold-storage rooms at
10 °C + 90% RH, for 35 days. Samples from mangos and sweet peppers were examined at 7 days’ intervals for
physical and chemical quality parameters. For both mango fruits and sweet peppers nitric oxide at 60 ml/]
treatment showed a significant reduction of weight loss and decay percentages, and maintained general
appearance, fruit firmness, total soluble solids (TSS), ascorbic acid content, and total sugars. Total chlorophyll
also was steadily maintained. Hence nitric oxide at 60 ml/1 significantly proved to be a potential treatment to
delay ripening and keeping better overall quality attributes of both mango and sweet peppers fruits stored
together as compared to other treatments and control under cold storage conditions.
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Introduction

Sweet pepper (Capsicum annuum, L.) is one of the most common vegetables in the world and is well
known for its nutritional values It contains high content of vitamin ¢, which is a crucial nutrient in the human
diet. During post-harvest, capsicums are susceptible to chilling injury if stored below 7 °C for long periods,
Nevertheless, storage period for pepper about 28 days at 7.5 °C and 14 days when stored at 5 °C also highly
sensitive to diseases (Cantwell, 2013). Since sweet pepper is a non-climacteric fruits, its senescence is mainly
accelerated by water loss during respiration. Gonzélez-Gordo ¢z 4/. (2019) stated that the exogenous application
of Nitric Oxide (NO) started to be used in research, mainly for extending the post-harvest stage of both
climacteric and non-climacteric fruits. They also mentioned that fruits fumigation with NO could extend their
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post-harvest life and maintain their qualities. In addition, they reported that results of NO application on sweet
peppers indicated that NO governs fruit ripening and exerts an anti-maturation effect.

Mango (Mangiféra indica L.) has a pleasant aroma and unique flavor and contains several of nutrients.
It gradually developed into the second most important grown and consumed tropical fruit in the world (Ke ez
al.,2022). The global production of mango is approximately 54.83 million tons per planted area exceeding 55
million hectares in 2020 according to the data from the FAO. Consumption form of mango has gradually
transformed from local sales to export sales modes. However, over extended periods of cold chain
transportation, deterioration and decay in the quality of mango caused by ripening during storage and
transportation often occur, resulting in high losses. Mango also is a climacteric fruit during the ripening with
increase in respiration intensity accompanied by the rapid synthesis of ethylene (Ding and Zhang, 2021).

The homeostasis of nitric oxide in fruits and vegetables is maintained through regulation of degradation
and its synthesis. Nitric oxide can be synthesized via the reductive pathway and oxidative pathway (Dean and
Harper, 1988; Yamasaki and Sakihama, 2000). Nitrite reduction is the major source of nitric oxide in fruits,
which occurs by both enzymatic and non-enzymatic mechanisms (Salgado ez al,, 2013). Nitrate reductase in
the cytosol, nitrite reductase in the plasma membrane, nitrate reductase in plastids, and xanthine
oxidoreductase are involved in reductive nitric oxide synthesis (Rockel e 4/., 2002; He and He, 2020). Many
researches oxidative pathways of nitric oxide synthesis have been studied.

Nitric oxide plays an important role in quality changes of postharvest vegetables and fruits by delaying
senescence or ripening, controlling postharvest diseases, inhibiting browning, and alleviating chilling injury.

These effects are related to the ability of nitric oxide to increase antioxidant enzyme activity inhibit
exogenous ethylene synthesis, inhibit exogenous ethylene synthesis, increase the accumulation of antimicrobial
substances, activate antimicrobial enzymes, and maintain membrane integrity and a high energy level. However,
itis still unknown how nitric oxide affects these enzymes’ activities and the involved modifications. In addition,
nitric oxide synthase and its action mechanism in plants needs to be further studied. Importantly, the
effectiveness of nitric oxide treatment on preserving the quality depends on the species of fruits and vegetables,
the concentration, and form (e.g., liquid or gaseous) of nitric oxide applied (Chaki ez 4/., 2015; Rodriguez-Ruiza
et al.,2019; Gonzalez-Gordo et al., 2019; Shi et 4l., 2019; Li et al., 2022; Liu et al., 2023).

The present study aims to study the effect of using environmentally safe different concentrations of
Nitric oxide sheets on the storage duration, and quality parameters of sweet pepper mixed load with mango
fruits and its effect on fruits quality parameters of sweet pepper and mango during Cold storage conditions.

Materials and Methods

In the current study, sweet pepper (Capsicum annuum L. cv. ‘Casiano F1 hybrid’) and mango (Mangifera
indica L. cv. ‘Keitt’) fruits were obtained from a private farm located at Wadi Natrun, Elbehira Governorate,
Egypt. during the two successive seasons of 2020 and 2021. Fruits were harvested at the commercial maturity
stage and transported immediately to the laboratory.

Fruits of mango and sweet peppers were then sorted and selected for uniformity of size, weight, and
absence of visible pathological infections or mechanical damage. The selected fruits were packed separately in
carton boxes. Different concentrations of nitric oxide were applied at (40, 60 and 80 ml/l) as sheets and were
placed on mango cartons, mango fruits without treatments served as control, then each treatment was
triplicated. Sets of Fruits packages contain sweet peppers and mango treated and or untreated were then stored
for 35 days at 10+1 °C with a relative humidity (RH) of 90%. Fruits were periodically assessed for physical and
chemical quality attributes at day 0 and at intervals of 7 days throughout all the storage period.
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Quality assessments of fruits by physical characteristics
Weight loss percentage:

Samples of each treatment were weighed at weekly intervals until the end of experiment. Weight loss
(%) was calculated as follows: Weight loss% = [(Initial weight - weight of fruits at sampling date)/Initial weight
of fruits] x 100.

Sensorial overall quality attributes

Sensory evaluation was performed during storage at 7-day intervals. Panel members were requested to

assess fresh quality measurement as follows:

1. Visual quality (general appearance): based on overall visual appearance, it was evaluated following a
9-point rating scale where 9, excellent; 7, very good; 5, good (limit of consumer acceptability); 3, fair
(limit of usability), and 1, extremely poor (Gorny ez 4l., 2002; Medina et al., 2012).

2. Decay: estimated visually using scores, as described by Kader ez /. (1973) on 5-1 scale, with
reference points of: 5, severe; 4, moderately severe; 3, moderate; 2, slight; 1, none. The score
attribution depends on morphological effects such as color change, microorganism effects, smell and
decay percentage on fruits.

Firmness:

Fruits from each replicate were taken at weekly intervals and changes in fruit firmness was measured in
kg/cm?® by digital force Gauge model FGV 50 A, Shimpo Instrument Co, Japan, with total capacity of 20
kg/cm® and resolution of 0.01 kg/cm* using cone pointed head

Quality assessments of fruits by chemical characteristics
Total soluble solids percentage (TSS)

TSS percentage was determined as a composite juice sample by digital refractometer of model Abbe
Leica according to (A.O.A.C., 2000) and expressed as a percentage.

Ascorbic acid content
Total ascorbic acid was determined using the dye 2, 6-dichloro-phenol indophenols method (A.O.A.C.,
2000).

Total sugars (TS

TS (mg /100g FW) was determined according to Nelson (1974) - Somogyi (1952) Method, were
determined colormetrically using spectrophotometer model 6305 UV/visible range with 520 nm wavelength
(Sadasivam and Manickam, 2004).

Total chlorophyll (mg/ 100 g)

Total chlorophyll was determined as described in (Shehata ez 4/., 2018). In brief, 0.5 g of fresh sample
were homogenized with 5 mL dimethyl formamide and kept in the dark in the refrigerator for 48 h. The
absorbance was then measured at 470, 647 and 663 nm with a spectrophotometer (model UV-2401 PC,
International Equipment Trading LTD. (IET), Milano, Italia).

Statistical analysis

Data of the two seasons were arranged and statistically analysed using Mstatic. The comparison among
means of the different treatments was determined by using Duncan's test; the data were tabulated and
statistically analysed according to a factorial complete randomized design (Snedecor and Cochran, 1982).
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Results

Weight loss

Data in Tables 1a and 1b declare that weight loss percentage of sweet peppers and mango fruits was
significantly affected by different concentrations of nitric oxide compared to untreated fruits during storage
period.

Data also reveal that, weight loss percentage of sweet pepper and mango often significantly increased as
the storage period increased, this was regardless to the treatment.

Mango fruits exposed to nitric oxide 60 ml/l and storage with sweet pepper fruits gave the lowest
significant values of weight loss percentage meanwhile the highest value of weight loss percent was recorded in
untreated for sweet pepper and mango fruits these results were true in both studied seasons. these results were
in harmony with those obtained by, Zaharah and Singh (2011), as they mentioned that nitric oxide reduces the
loss of weight of mangos during storage period. The reduction of weight loss rate may be attributed to reduction
in respiration rates during storage period; the obtained results of fruit weight loss are in agreement with (Hu ez
al., 2014, Li et al., 2022; Liu et al., 2023).

With respect to the effect of the interaction between concentrations of nitric oxide and storage period
on the loss in weight, data show that there was an increase in weight loss in sweet peppers and mango fruits in
all treatment up to the end of storage period although mean values resulted always significantly lower than the
control fruits. However, lowest weight loss percentages were obtained in mango fruits exposed to nitric oxide
at 60 ml/I stored with sweet peppers at the end of storage period compared to control and treatments in both
studied seasons.

Table 1a. Effect of nitric oxide treatments on weight loss%, decay and general appearance (score) of sweet

peppers during cold storage

Weight loss%
First season Second season
Storage
period _ _ Treat. _
(days) Nitric oxide Nanc lenc Nitric oxide Nanc Nitric oxide
Control 40 ml/l oxide oxide Mean Control 40 ml/l oxide 80 ml/l Mean
60 ml/I 80 ml/l 60 ml/I
7 115 | n* | 0.86 p 0.85 P 0.94 o 0.95 E 1.34 m 1.03 o 0.93 P 1.18 n 1.12 E
14 1.95 j 1.44 1 123 [ m 1.60 k 1.56 D 1.95 j 1.45 1 1.35 m 1.63 k 1.59 D
21 2.85 ¢ 2.35 i 1.95 j 253 g 2.42 C 2.87 ¢ 2.35 h 2.05 i 2.54 g 2.45 C
28 3.44 b 2.73 f 2.45 h 2.94 d 2.89 B 3.54 b 2.85 ¢ 2.71 f 3.15 b 3.06 B
35 4.03 a 322 c 295 d 3.44 b 3.41 A 4.23 a 3.44 c 3.24 d 3.63 b 3.63 A
Mean 268 | A | 212 C 189 | D 229 B 2.78 A | 222 C 2.06 D | 243 B
Decay (score)
First season Second season
0 1.00 d 1.00 d 1.00 d 1.00 d 1.00 D 1.00 d 1.00 d 1.00 d 1.00 d 1.00 D
7 1.00 d 1.00 d 1.00 d 1.00 d 1.00 D 1.00 d 1.00 d 1.00 d 1.00 d 1.00 D
14 1.33 cd 1.00 d 1.00 d 1.00 d 1.08 CD 1.67 c 1.00 d 1.00 d 1.00 d 1.17 D
21 1.67 | be | 1.00 d 1.00 d 133 | od | 125 C 2.00 | be | 1.00 d 1.00 d 1.67 c 1.42 C
28 2.00 ab 1.33 od 1.00 d 1.67 be 1.50 B 2.33 b 1.67 c 1.00 d 1.67 c 1.67 B
35 2.33 a 1.67 be 1.00 d 2.00 ab 1.75 A 3.00 a 2.00 be 1.00 d 2.33 b 2.08 A
Mean 156 | A 1.17 | BC 1.00 | C 156 | A 1.83 A 1.28 B 1.00 C 1.44 B
General appearance (score)
First season Second season
0 9.00 a 9.00 a 9.00 a 9.00 a 9.00 A 9.00 a 9.00 a 9.00 a 9.00 a 9.00 A
7 9.00 a 9.00 a 9.00 a 9.00 a 9.00 A 9.00 a 9.00 a 9.00 a 9.00 a 9.00 A
14 8.33 ab 9.00 a 9.00 a 9.00 a 8.83 A 7.67 be 9.00 a 9.00 a 9.00 a 8.67 AB
21 7.67 | be | 9.00 a 9.00 a 9.00 a 8.67 A 7.00 | cd | 9.00 a 9.00 a 9.00 a 8.50 B
28 7.00 od 8.33 ab 9.00 a 7.67 be 8.00 B 6.33 de 8.33 ab 9.00 a 7.00 cd 7.67 C
35 6.33 d 7.67 be 833 | ab | 7.00 | «d | 733 C 5.67 e 7.00 cd 7.67 be | 633 de 6.67 D
Mean 789 | C 867 | AB | 889 | A | 844 B 7.44 C | 856 | AB 8.78 A | 822 B

*Note: Different letters indicate significantly different values by ANOVA followed by Duncan test at P<0.05
(small letters refer to values recorder in each season, different capital letters refer to mean values)
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Table 1b. Effect of nitric oxide treatments on weight loss%, decay and general appearance (score) of mango
during cold storage

Weight loss%
First season Second season
Storage
. Treat.
;():[rmc)[ - . Nitric Nitric Nitric Nitric - .
i Control Nzrol:f;idc oxide oxide 80 Mean Control oxide oxide ngrol:f;idc Mean
60 ml/1 ml/1 40 ml/I 60 ml/I
7 245 | n' | 232 | p | 214 | q | 237 | o | 232 | E | 262 | o | 241 | q | 224 | r | 246 | p | 243 | E
14 3.06 j 2.65 m 2.44 n 2.77 1 2.73 D 3.45 j 2.93 m 2.75 n 3.08 1 3.05 D
21 3.86 f 3.34 i 296 | k | 355 h 3.43 C 3.94 f 3.45 j 315 | k | 3.64 h 354 | C
28 4.64 b 3.74 g 3.35 i 391 [ 391 B 4.66 b 3.82 g 3.55 i 4.03 [ 4.02 B
35 5.22 a 4.03 d 3.73 g 4.32 [ 4.33 A 5.04 a 4.25 d 3.94 f 447 [ 442 | A
Mean 3.85 A 3.22 C 2.92 D 3.38 B 3.94 A 3.37 C 3.12 D 3.54 B
Decay score
First season Second season
0 1.00 b 1.00 b 1.00 b 1.00 b 1.00 B 1.00 c 1.00 c 1.00 c 1.00 c 1.00 C
7 1.00 b 1.00 b 1.00 b 1.00 b 1.00 B 1.00 c 1.00 c 1.00 c 1.00 c 1.00 C
14 1.00 b 1.00 b 1.00 b 1.00 b 1.00 B 1.00 c 1.00 c 1.00 c 1.00 c 1.00 C
21 1.00 b 1.00 b 1.00 b 1.00 b 1.00 B 1.00 c 1.00 c 1.00 c 1.00 c 1.00 C
28 1.33 b 1.00 b 1.00 b 1.00 b 1.08 B 1.67 b 1.00 c 1.00 [ 133 be 125 B
35 2.00 a 1.33 b 1.00 b 133 b 1.42 A 2.33 a 1.33 be 1.00 [ 1.67 b 158 | A
Mean 1.22 A 1.06 B 1.00 B 1.06 B 1.33 A 1.06 B 1.00 B 1.17 AB
General appearance score
First season Second season
0 9.00 a 9.00 a 9.00 a 9.00 a 9.00 A 9.00 a 9.00 a 9.00 a 9.00 a 9.00 A
7 9.00 a 9.00 a 9.00 a 9.00 a 9.00 A 9.00 a 9.00 a 9.00 a 9.00 a 9.00 A
14 9.00 a 9.00 a 9.00 a 9.00 a 9.00 A 9.00 a 9.00 a 9.00 a 9.00 a 9.00 A
21 7.67 be 9.00 a 9.00 a 9.00 a 8.67 AB 7.00 cd 9.00 a 9.00 a 8.33 ab 8.33 B
28 7.00 cd | 9.00 a 9.00 a 8.33 ab 8.33 B 6.33 de 8.33 ab 9.00 a 7.67 be 7.83 C
35 6.33 d 8.33 ab 9.00 a 7.67 be 7.83 C 5.67 e 7.00 cd 9.00 a 6.33 de 7.00 D
Mean 8.00 C 8.89 AB 9.00 A 8.67 B 7.67 C 8.56 B 9.00 A 8.22 B

*Note: Different letters indicate significantly different values by ANOVA followed by Duncan test at P<0.05
(small letters refer to values recorder in each season, different capital letters refer to mean values)

Decay

Irrespective to the storage period, data in Tables 1a and 1b reveal cleatly that, all examined nitric oxide
concentrations recorded significantly lower decay score in comparison to control moreover, concentration of
60 ml/l on mango fruits was the most effective treatment for reducing decay incidence in both seasons on sweet
peppers , while, all concentrations of nitric oxide was no significantly affected compared with untreated as
control during storage period in reducing mango fruits decay. These results were in accordance with those
recorded by (Chaki ez al., 2015; Corpas, 2015; Rodriguez-Ruiza e al., 2019) on sweet peppers, and (Zaharah
and Singh, 2011; Barman ez a/., 2014; Hu ez al., 2014) on mangos fruit. As they reported that Nitric oxide has
important effects of slowing maturation, delaying fruit ripening and also maintaining quality during storage
period.

Data also clear that the decay of sweet pepper and mango fruits showed a progressive increment as the
storage period increased. Li ez a/. (2022) and Liu ez al. (2023) proposed that the increase in decay incidence
during storage, might be attributed to the lowering of chemical and biological activity in fruits which in turn
facilitates the infection of fruits by micro- organisms.

Data indicate that, untreated fruits started to show decay symptoms after 14 days of storage for sweet
peppers and 21 days for mango fruits and several decay symptoms at the end of storage period were observed,
on the other hand mango fruits exposed to nitric oxide 60 ml/l and stored with sweet peppers showed nil visible
decay symptoms till end of storage period (35 days) in both investigated seasons.

General appearance

As shown in Tables 1a and 1b general appearance of mango fruits exposed to nitric oxide either at 60
ml/l or 40 ml/l and stored with sweet peppers k, had the best appearance compared to other treatments in both
seasons. The application of nitric oxide at different concentrations in the following order, 60 ml/l, 40 ml/l and

5
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80 ml/l, had a high effect on post-harvest quality in terms of maintaining significantly better general appearance
comparing to untreated fruits General appearance was maintained by using nitric oxide may have attributed
to the effect of nitric oxide on the reduction of weight loss and rot rate of sweet peppers and mango fruits.
Nitric oxide concentrations have beneficial effects on fruit physiology such as delaying ripening (Li ez al., 2022;
Liu et 4l.,2023).

General appearance of sweet pepper and mango fruits was affected with the prolongation of storage
period in both seasons. This effect might be due to color change, shrivelling and decay, Similar results were
reported by (Rodriguez-Ruiza ez al., 2019) on sweet peppers fruits and on mangos fruit (Hu ez 4/, 2014).

sweet pepper and mango fruits treated with nitric oxide at 60 ml/l did not exhibit any changes in their
appearance up to 28 and 35 days of storage respectively. On the other hand, untreated sweet paper and mango
fruits started to show decline of general appearance at day 21st of the storage and significantly recorded lower
scores of appearances at the end of storage period (35 days). These results were true in both studied seasons.

Fruit firmness (kg/cm”)

Results tabulated in Tables 2a and 2b show that firmness of sweet pepper and mango fruits was
significantly affected by different concentrations of nitric oxide during storage period in both seasons. Data
showed that various applied concentrations of nitric oxide had significantly higher fruit firmness as compared
to untreated ones. However, the highest values of fruit firmness were recorded with mango fruits exposed to
nitric oxide 60 ml/I stored together with sweet peppers, followed by fruits exposed to 40 ml/l, while lower
values were found in untreated ones. Barman et 4/. (2014) and Hu ez 4/. (2014) found that nitric oxide has
increased mango fruits susceptibility to texture.

Data also show that there was a significant reduction in firmness of sweet pepper and mango fruits by
the progresses of storage period in both seasons. This may due to the loss of cell wall integrity by increasing
storage period as a result of breakdown of peptic substances, which led to an increase in soluble pectin and
decrease in fruit firmness of pepper fruits (Ili¢ ez 4/., 2012).

The interaction between concentrations and storage period on sweet pepper and mango fruits firmness
showed that mango fruits exposed to nitric oxide 60 ml/l and storage with sweet pepper fruits maintained the
fruit firmness for 35 days.

Total soluble solids (TSS) contents

Data in Tables 2a and 2b indicate that generally, all concentrations significantly maintained fruit T.S.S
comparing to untreated ones. Moreover, mango fruits exposed to nitric oxide 60 ml/l and stored with sweet
pepper fruits contained higher content of T.S.S. compared with other treatments in both seasons, followed by
fruits exposed to 40 ml/l with significant differences between then, these results are in agreement with those
obtained by Hu ez 4/. (2014), Chaki e a/. (2015), Corpas (2015), and Rodriguez-Ruiza ez /. (2019).

Regarding to storage time data show that T.S.S content were decreased significantly and consistently
with prolongation of storage period at cold storage conditions, in both seasons as illustrated by Li ez al. (2022)
and Liu ez /. (2023).

The interaction between the two studied variables was significant in both seasons. All concentrations at
different storage periods had higher T.S.S. content compared with untreated (control) fruits. While mango
fruits exposed to nitric oxide 60 ml/l and stored with sweet pepper fruits recorded the highest T.S.S. content
in both seasons.
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Table 2a. Effect of nitric oxide treatments on firmness (kg/cm?), total soluble solids% and ascorbic acid
content (mg/100 ml) of sweet peppers during cold storage

Firmness (kg/cm?)
Storage First season Second season
period Treat.
(days) Control Nitric oxide | Nitric oxide | Nitric oxide Mean Control Nitric oxide 40 | Nitric oxide | Nitric oxide Mean
40 ml/I 60 ml/l 80 ml/I ml/] 60 ml/I 80 ml/I
0 5.22 a* 5.22 a 5.22 a 5.22 a 522 | A| 5.01 a 5.01 a 5.01 a 5.01 a 501 | A
7 491 c 5.01 be 5.05 b 5.00 be 4.99 B| 462 | e 4.76 c 4.81 b 4.72 d| 473 |B
14 4.45 f 4.67 de 4.76 d 4.60 ¢ 462 | C| 417 i 4.41 g 4.57 f| 440 g| 439 | C
21 3.84 i 427 g 442 f 4.17 g 4.18 D 3.64 m 4.05 j 421 h 3.92 k 396 | D
28 322 m 3.84 i 4.03 h 371 j 3.70 E 3.03 r 3.63 m 3.86 1 3.43 o 349 | E
35 3.39 1 3.54 k 372 j 3.34 1 3.50 F 2.55 s 333 p 3.54 n 3.17 q 315 | F
Mean 4.17 D 442 B 4.54 A 4.34 C 384 [ D 4.20 B 433 | A| 411 C
Total soluble solids%
First season Second season
0 7.28 a 7.28 a 7.28 a 7.28 a 7.28 Al 704 | a 7.04 a 7.04 a 7.04 a 7.04 | A
7 7.11 c 7.13 c 7.17 b 7.11 c 7.13 B 6.65 d 6.71 c 6.83 d 6.70 c 672 | B
14 6.87 f 6.93 ¢ 7.01 d 6.87 f 692 | C| 624 i 6.47 f 6.60 ¢ 6.33 h 641 | C
21 6.54 i 6.63 h 6.74 g 6.62 h 6.63 D| 603 | m 6.21 j 6.37 g 6.13 k 6.18 | D
28 6.11 n 6.33 k 6.43 j 6.25 1 6.28 E 564 | p 5.83 n 6.08 1 5.75 o 582 | E
35 5.81 q 6.03 o 6.15 m 591 P 5.98 F 524 | s 5.54 q 5.76 o 5.40 r 549 | F
Mean 6.62 D 6.72 B 6.80 A 6.67 C 614 | D 6.30 B 645 | A| 623 | C
Ascorbic acid (mg/100 ml)
First season Second season
0 105.1 a 105.1 a 105.1 a 105.1 a 105.1 | A| 1039 | a 103.9 a 1039 | a| 1039 | a| 1039 | A
7 1016 | e 102.9 c 103.0 | b 102.5 d 1025 | B 99.2 f 101.2 c 1020 | b| 100.1 | d| 1007 | B
14 97.8 i 99.0 g 100.2 f 98.8 h 990 | C| 853 r 98.1 g 99.5 e 87.0 p 93.8 | C
21 922 m 95.1 k 96.6 j 94.0 1 94.5 D| 911 1 94.7 i 96.1 h 93.2 j 925 | D
28 84.1 t 89.4 o 91.8 n 87.1 r 88.1 E 875 | o 90.2 m 92.1 k 89.3 n 89.8 | E
35 81.1 u 87.2 q 88.1 P 85.1 s 85.4 F 82.2 t 86.1 q 87.5 o 85.0 s 852 | F
Mean 93.7 D 96.5 B 97.5 A 95.5 C 915 | D 95.7 B 968 | A| 931 C

*Note: Different letters indicate significantly different values by ANOVA followed by Duncan test at P<0.05
(small letters refer to values recorder in each season, different capital letters refer to mean values)

Ascorbic acid content (mg /100 g FW)

Data in Tables 2a and 2b show that there were significant differences between the different
concentrations of nitric oxide during storage period in both seasons. Data showed that fruits treated with
various concentrations of nitric oxide resulted in significantly greater ascorbic acid content as compared with
untreated fruits. However, the highest significant values of ascorbic acid content were obtained with mango
fruits exposed to nitric oxide 60 ml/l and stored with sweet pepper. followed by mango fruits exposed to nitric
oxide 40 ml/l and stored with sweet pepper., in the meantime, the lowest values were found in untreated fruits.
These results were in agreement with those obtained by (Rockel e7 4/, 2002; Zaharah and Singh, 2011; He and
He, 2020).

Data also declare that there was a significant decrease in ascorbic acid content along with the increase of
storage period for all treatments and this was true in both studied seasons.

Wills ez al. (1981) attributed the reduction of vitamin C during storage to great metabolic activity
during storage as it is respired.

Mango fruits exposed to nitric oxide 60 ml/l and stored with sweet peppers maintained the highest
ascorbic acid content at 35 days of storage.
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content (mg/100 ml) of mango fruits during cold storage

Firmness (kg/cm?)
Storage First season Second season
period Treat.
(days) Control Nitric oxide | Nitric oxide Nitric oxide Mean Control Nitric oxide 40 Nitric oxide Nitric oxide Mean
40 ml/I 60 ml/1 80 ml/l ml/] 60 ml/1 80 ml/l
0 10.93 a* 10.93 a 10.93 a 10.93 a 10.93 A 10.56 a 10.56 a 10.56 a 10.56 a 10.56 A
7 9.82 f 10.23 c 10.43 b 10.11 d 10.15 B 9.34 f 9.89 [ 10.03 b 9.77 d 9.76 B
14 9.31 i 9.83 f 10.02 e 9.74 g 9.73 C 8.82 i 9.24 g 9.42 e 9.11 h 9.15 C
21 8.62 m 9.20 j 9.44 h 9.05 k 9.08 D 7.77 n 8.54 j 8.84 i 8.33 k 8.37 D
28 7.73 q 8.51 n 8.73 1 8.33 o 8.33 E 6.63 r 7.83 m 8.14 1 7.63 o 7.56 E
35 655 | s | 774 | q | 805 | p | 746 | r | 745 | F | 582 | s | 724 | p | 763 | o | 705 | q | 693 | F
Mean 8.83 D 9.41 B 9.60 A 9.27 C 8.16 D 8.88 B 9.10 A 8.74 C
Total soluble solids%
First season Second season
0 12.36 t 12.36 t 12.36 t 12.36 t 12.36 F 12.68 1 12.68 1 12.68 1 12.68 1 12.68 E
7 13.05 s 13.74 q 14.13 o 13.43 r 13.59 E 13.15 kl 13.92 ij 14.54 gh 13.64 jk 13.81 D
14 13.86 P 14.84 1 15.33 i 14.33 n 14.59 D 13.77 ij 14.72 gh 15.31 ef 14.24 hi 14.51 C
21 14.53 m 15.42 h 16.06 e 15.05 k 15.26 C 14.23 hi 14.93 efg 16.13 c 14.54 gh 14.96 B
28 15.14 j 16.04 e 16.95 b 15.64 g 15.94 B 14.85 fg 17.83 a 17.22 b 15.34 ef 16.31 A
35 1591 f 16.84 c 17.85 a 16.34 d 16.74 A 15.45 de 16.32 [ 18.31 a 1593 cd 16.50 A
Mean 14.14 D 14.87 B 15.45 A 14.53 C 14.02 D 15.07 B 15.70 A 14.39 C
Ascorbic acid (mg/100 ml)
First season Second season
0 48.52 a 48.52 a 48.52 a 48.52 a 48.52 A 45.33 a 45.33 a 45.33 a 45.33 a 45.33 A
7 46.73 [ 47.51 c 47.95 b 47.35 d 47.38 B 41.75 [ 42.53 [ 43.05 b 42.14 d 42.37 B
14 42.63 j 44.33 g 45.03 f 44.02 h 44.00 C 36.63 k 40.23 g 41.05 f 39.61 h 39.38 C
21 3792 o 41.22 k 42.72 i 40.83 1 40.67 D 32.14 P 36.84 j 37.93 i 36.03 1 35.74 D
28 33.14 s 38.04 n 39.13 m 37.72 p 37.01 E 28.23 s 3293 n 34.12 m 32.35 o 31.90 E
35 2822 u 33.97 r 35.83 q 33.04 t 32.76 F 24.73 u 28.74 r 30.23 q 28.04 t 27.93 F
Mean 39.53 D 42.26 B 43.20 A 41.91 C 34.80 D 37.77 B 38.62 A 37.25 C

*Note: Different letters indicate significantly different values by ANOVA followed by Duncan test at P<0.05
(small letters refer to values recorder in each season, different capital letters refer to mean values)

Total sugars (mg /100 g FW)

It is worthy to note that total sugars content of sweet pepper and mango fruits was significantly affected
by nitric oxide treatments at different concentrations Tables 3a and 3b. In the meantime, total sugars content
showed a significant increase as the storage period increased recorded the highest significant values at the end
of the storage period (35 days) this was regardless the treatments. this was observed in both investigated seasons
irrespective of the applied treatments.

Data declared that untreated fruits had significantly higher total sugars than mango fruits exposed to
nitric oxide with different concentrations and stored with sweet pepper fruits. Indeed, mango fruits exposed to
nitric oxide at 60 ml/] and stored with sweet pepper showed significant less sugar content comparing to fruits
exposed to nitric oxide at either 40 or 80 ml/l and stored with sweet pepper. These results are presumably due
to the faster maturity in untreated mango fruits as compared with treated ones. These results are in agreement
with (Chaki ez 4/., 2015; Corpas, 2015; Rodriguez-Ruiza ez al., 2019) on sweet peppers and (Zaharah and
Singh, 2011; Barman ez al., 2014; Hu ez 4l., 2014) on mangos fruits.

The increase in total sugars during storage might owe much to the higher rate moisture loss through
transpiration than the rate of dry matter loss through respiration. Also, the reduction in total sugars during
storage might owe much to the rate of sugar loss through respiration than water loss through transpiration
(Wills ez al., 1981).

Mango fruits exposed to nitric oxide at 60 ml/l showed the lowest significant values of sugars content at
all storage period comparing to other nitric oxide treatments and control. this was recorded in both studied
seasons.

All concentrations at different storage periods had lowest total sugars content compared with untreated
fruits (control, however it should be noted that when mango fruits exposed for 60 ml/l of nitric oxide and
stored with sweet peppers, resulted in the lowest total sugars content in mango and sweet pepper in both
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seasons, comparing with other treatments and control. These results go in line with findings obtained by Trung
et al. (2011), who showed that the total sugar content in the control fruit in apple was found to increase faster

than in treated fruits.

Table 3a. Effect of nitric oxide treatments on total sugars (mg /100 g FW) and total chlorophyll (mg/ 100
g) of sweet peppers during cold storage

Total sugars (mg /100g FW)
Storage First season Second season
period Treat.
(€ Nitric oxide | Nitric oxide | Nitric oxide Nitric oxide | Nitric oxide | Nitric oxide
Conerol 40 ml/1 60 ml/1 80 ml/1 Mean Conerol 40 ml/1 60 ml/1 80 ml/I Mean
0 4.56 r* 4.56 r 4.56 r 4.56 r 4.56 F 4.41 t 4.41 t 4.41 t 441 t 4.41 F
4.99 n 4.81 p 4.73 q 4.87 o 4.85 E 5.25 n 4.75 r 4.68 s 4.87 q 4.89 E
14 5.56 j 5.07 m 4.95 n 5.20 1 5.20 D 5.71 k 5.12 o 4.98 P 5.28 n 5.27 D
21 5.93 g 5.53 j 5.34 k 5.68 i 5.62 C 6.55 d 5.68 1 5.45 m 5.89 j 5.89 C
28 6.43 b 5.93 g 5.74 h 6.11 ¢ 6.05 B 6.85 b 6.13 h 5.93 i 6.33 f 6.31 B
35 6.85 a 6.17 d 6.05 f 6.33 c 6.35 A 7.13 a 6.41 [ 6.23 g 6.68 c 6.61 A
Mean 5.72 A 5.34 C 5.23 D 5.46 B 5.98 A 5.42 C 5.28 D 5.58 B
Total chlorophyll (mg/ 100 g)
First season Second season
0 10.76 a 10.76 a 10.76 a 10.76 a 10.76 | A 10.42 a 10.42 a 10.42 a 10.42 a 1042 | A
7 10.24 c 10.44 c 10.51 b 10.40 d 10.40 B 9.75 f 10.08 c 10.18 b 10.01 d 10.00 B
14 9.52 j 9.93 g 10.14 f 9.82 h 9.86 C 9.26 j 9.71 g 9.82 [ 9.54 h 9.58 C
21 8.93 o 9.44 k 9.73 i 9.21 m 9.33 D 8.43 n 9.07 k 9.33 i 8.84 1 8.92 D
28 8.42 s 9.10 n 9.33 1 8.87 P 8.93 E 8.03 P 8.64 m 8.85 1 8.41 n 8.48 E
35 7.85 u 8.55 r 8.84 q 8.23 t 8.37 F 7.32 r 8.01 P 8.24 o 7.85 q 7.85 F
Mean 9.29 D 9.71 B 9.89 A 9.55 C 8.87 D 9.32 B 9.47 A 9.18 C
*Note: Different letters indicate significantly different values by ANOVA followed by Duncan test at P<0.05
(small letters refer to values recorder in each season, different capital letters refer to mean values)
Table (3b). Effect of nitric oxide treatments on total sugars (mg /100g FW) and total chlorophyll (mg/
100 g) of mango fruits during cold storage
Total sugars (mg /100 g FW)
Storage First season Second season
period Treat.
(days) Control Nitric oxide | Nitric oxide | Nitric oxide Mean Control Nitric oxide Nitric oxide | Nitric oxide Mean
40 ml/I 60 ml/I 80 ml/1 40 ml/l 60 ml/1 80 ml/1
0 6.95 t* 6.95 t 6.95 t 6.95 t 6.95 F 7.63 s 7.63 s 7.63 s 7.63 s 7.63 F
7 9.05 o 7.83 r 7.34 s 8.13 q 8.09 E 10.13 n 9.13 q 8.72 r 9.54 p 9.38 E
14 10.93 i 9.24 n 8.53 p 9.73 1 9.61 D 11.54 j 10.43 m 9.63 o 10.94 k 10.63 D
21 12.35 ¢ 10.34 k 9.62 m 10.93 i 10.81 C 13.75 d 11.52 j 10.73 1 12.05 h 12.01 C
28 13.96 b 11.03 h 10.83 j 12.15 f 11.99 B 14.63 b 12.45 g 11.63 i 13.14 f 12.96 B
35 15.25 a 12.43 d 11.64 g 13.34 c 13.16 A 15.95 a 13.23 e 1243 g 13.94 c 13.89 A
Mean 1142 | A 9.64 C 9.15 D 10.20 B 12.27 A 10.73 C 10.13 D 11.21 B
Total chlorophyll (mg/ 100 g)
First season Second season
0 54.12 a 54.12 a 54.12 a 54.12 a 5412 [A | 5038 a 50.38 a 50.38 a 50.38 a 5038 | A
7 48.71 e 50.73 [ 51.31 b 50.11 d 50.22 B | 41.83 [ 45.14 c 4623 b 44.61 d | 4445 B
14 41.64 k 45.31 g 47.52 f 44.63 h 4477 | C | 3521 j 40.33 g 41.62 f 39.12 h 3907 |C
21 37.07 o 42.02 j 43.12 i 41.51 1 40.93 D 30.53 n 34.92 k 36.14 i 33.85 1 3386 |D
28 3236 q 37.82 n 39.22 m 37.05 o 36.61 E 25.12 t 30.22 o 31.32 m 29.07 P 28.93 E
35 27.32 t 32.25 r 34.18 P 31.71 s 31.36 F 22.04 u 26.12 r 2721 q 25.33 s 25.18 F
Mean 40.20 D 43.71 B 4491 A 43.19 C 34.18 D 37.85 B 38.82 A 37.06 C

*Note: Different letters indicate significantly different values by ANOVA followed by Duncan test at P<0.05

(small lecters refer to values recorder in each season, different capital letters refer to mean values)

Chloraphyll content

Data in Tables 3a and 3b revealed that chlorophyll contents were markedly decreased while the storage
period increased this was regardless of the treatments. This decrement in chlorophyll could be attributed to the
destruction by chlorophyllase activity and turn of chloroplasts to chromoplasts these results agreement with
Shehata et a/. (2018) on sweet peppers. As for the application of nitric oxide data illustrated that chlorophyll
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content was significantly influenced by all treatments since greater contents were kept as compared with
control, moreover, higher levels of chlorophyll were observed with nitric oxide applied at 60 ml/I followed by
40 ml/l and 80 ml/I respectively showing significant differences

It should be noted that the lowest significant values of chlorophyll contents were observed with control
at 35 days of cold storage in both mango and sweet peppers. Conversely the application of nitric oxide at 60
ml/] recorded significantly the highest content of chlorophyll at the same storage interval. These results were
true in the two seasons and were in agreement with (Li ez a/., 2022; Liu ez al., 2023).

Conclusions

The effect of the nitric oxide sheets applied on mango fruits with different concentrations (40, 60 and
80 ml/I), when stored together with sweet peppers was investigated in this study. Nitric oxide treatments
markedly showed a positive effect on delaying ripening of both stored mango and sweet peppers compared to
control. In particular, nitric oxide at 60 ml/l treatment significantly showed a reduction of weight loss and
decay percentage, in the meantime, maintained general appearance, fruit firmness, total soluble solids (TSS),
ascorbic acid, chlorophyll and total sugars contents. Nitric oxide at recommended concentration (60 ml/l),
proved to be a favourable for extending storage life for both commodities in a mixed load conditions.
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