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1. INTRODUCTION

ABSTRACT

This study was carried out on cherry tomatoes cv. Katalina-522 during 2024
and 2025 seasons in Lab. of Vegetable Postharvest Research Dep., HRI,
ARC, Giza, Egypt to study the impact of dipping fruits for 5 min. in olive
leaves extract at 1%, rosemary extract at 1%, lemon grass extract at 1%,
solution of chitosan at 1%, olive leaves extract at 1% then chitosan at 1%,
rosemary extract at 1% then chitosan at 1%, lemon grass extract at 1% then
chitosan at 1% in addition to untreated control (dipping in distilled water)
on quality attributes and storability during storage at 10°C and 90-95 % RH
for 35 days. The results showed that cherry tomato fruits coated with post-
harvest treatments were effective in decreasing weight loss, loss of
firmness, color change and modifying the atmosphere inside the package,
as well as preserving ascorbic acid, total phenolic content, antioxidant
activity and the overall appearance of fruits during storage as comparison
with untreated control. Fruits treated with rosemary extract plus chitosan,
olive leaves extract plus chitosan and lemon grass extract plus chitosan
treatments didn’t show noticeable decay till the end of storage.
Furthermore, rosemary extract plus chitosan was the most effective
treatment in maintaining all the quality attributes and gave an excellent
appearance of fruits for 35 days at 10°C, while olive leaves extract plus
chitosan and lemon grass extract plus chitosan gave a good general
appearance at the same period. The composition of gases inside the package
treated with rosemary extract plus chitosan treatment had high O, % and
low CO, % and lower accumulation of ethylene hence the process of
ripening can be slowed dramatically prolong the storage life of fruits.

KEYWORDS: cherry tomatoes, rosemary extract, olive leaves extract,
lemon grass extract, chitosan, storability.

antioxidants). Cherry tomatoes are eaten fresh but

Cherry tomato (Lycopersicon esculentum
Mill. var. cerasiforme Dunal) is a climacteric
variety (various shapes and colors) (Gudeva and
Dedejski, 2012). An important nutritional source
for humans diet (minerals, vitamins and
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have a short shelf life, easily damaged and
susceptible to fungal and bacterial diseases,
quality degradation and rapid fruit ripening and
senescence (Nitin et al., 2020). Ripening is
accompanied by a beak in respiration and a



Jackleen Attia Khalil et al., 2025

concomitant sharp increase in ethylene production
which negatively affects attributes of quality such
as firmness, color, soluble solid content and other
changes in sensory quality (Gharezi et al., 2012).

Therefore, it is very necessary to use
modern techniques that are effective in delaying
ripening, maintaining quality and extending shelf
life of cherry tomatoes in conjunction with low
temperatures.

Recently, edible coatings have several
roles, including delaying physiological processes
(transpiration and respiration), and preserving the
texture and flavour of the fruit, thus maintaining
quality and extending shelf life (Ali et al., 2011).
Generally, these films consist of a layer of
polysaccharides (chitosan, alginate, lipids and
proteins) and are used to protect the entire fruit
and are used commercially (Chen et al., 2016).

The chitosan coating improves the shelf life
of many perishable fruits, such as artichokes,
strawberries, and tomatoes (Hernandez-Mufioz et
al., 2006; Atala et al., 2019 and Shehata et al.,
2021). Chitosan has also been helpful in delaying
tomato ripening (Sucharitha et al., 2018) and
reduced decay percentage and hence prolong the
fruit life (Shehata et al., 2021).

Olive leaves (Olea europaea L.) are
considered waste during the extraction process of
olive oil (Hassan et al., 2022). The aqueous extract
of the leaves is rich in phenolic substances, which
are considered an important antioxidant and
potent antimicrobial activities against bacteria,
fungi and mycoplasma (Abd-Alla et al., 2013 and
Sabry, 2014).

The edible coating contains broad spectrum
natural extracts that extend the shelf life of
vegetables. Zam (2019) found that Olive leaf
extract and chitosan or alginate coating have
positive effects on the properties
(physicochemical) of sweet cherries. It has been
proven to delay the ripening process, maintain the
highest levels of phenolic compounds and
antioxidants, prevent the growth of bacteria and
fungi, maintain the quality characteristics and
prolong the shelf life of sweet cherries.

Rosemary  leaves  contain many
antioxidants, due to the presence of rosmarinic,
carnosol, carnosic and caffeic acids (Hras et al.,
2000).
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Rosemary also has antibacterial and
antifungal properties, which play an important
role in reducing post-harvest losses and enhancing
the shelf life of fruits (Rasooli et al., 2008).

Mahmoud et al. (2017) revealed that
dipping Navel orange fruits in rosemary aqueous
extract at 4% preserve fruit quality (decreasing
weight loss, delayed decay and delayed the juice
changes, T.S.S., acidity, content of carotenes and
vitamin C) during storage, it extends the post-
harvest life during marketing, and it is also safe
for the environment and human health.

Extracted lemon grass leaves have been
found to have several activities against fungal and
bacteria (antimicrobial and antifungal) for several
plant pathogens (Hyun et al., 2015) and reduced
the incidence diseases (Abirami, 2009).

Application of lemon grass extract after
postharvest significantly affected the
characteristics of Persimmon quality and
maintained the pH, weight, firmness, acidity, vit.
C, and T.S.S.-acid ratio during storage (Haseeb et
al.,, 2021). It also maintains the quality
characteristics of Chinese lemon fruits and
maintains the maximum chemical and physical
properties (Samad et al., 2019).

Omoba and Onyekwere (2016) indicated
that the treatment of chitosan at 1% combined
with lemon grass extract at 1% as an edible
coating significantly reduced decay, weight loss,
maintaining the firmness and TA and maintains
the maximum chemical and physical properties of
cucumber fruits during storage.

The target of this investigation was
examining the effect of chitosan and three
aqueous plants extracts; olive leaves, rosemary
and lemon grass on attributes of quality of cherry
tomatoes during cold storage.

2. MATERIALS AND METHODS

Cherry tomatoes (Solanum lycopersicum
var. cerasiforme) cv. Katalina-522 were harvested
at the pink stage (red color covering between 50
to 60% of the fruit surface) on 4" and 9" of
January in 2024 and 2025 seasons, respectively,
from a private Farm in Wadi El-Natrun District,
Beheira Governorate and then the fruits were
brought to the Lab. of Vegetable Postharvest
Research Dep., HRI, ARC, Giza, Egypt. Fruits
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free from any visual damage or defects and
uniform in size (20-25 mm in diameter) and color
were selected.

2.1. Preparation of plant extracts:

An aqueous extract of Olive leaves (Olea
europaea L.), Rosemary (Rosmarinus officinalis)
and Lemon grass (Cymbopogon citratus), each
plant part was thoroughly washed with distilled
water, cleaned and chopped into pieces and air
dried. The dried pieces were finely ground using
a domestic grinder and sieved to afford uniform

size powdered material .The extracts were
obtained by maceration method. Thus the
powdered plant material (150g) was soaked in
distilled water (500 mL) and allowed to stand for
24 h. The mixtures were filtered and the solvents
removed using rotary evaporator at 40°C to afford
thirty six aqueous extracts (Hassan et al., 2020).

Determination of the antioxidant activity
with DPPH by Brand-Williams et al. (1995).
Identification of phenolic by High Performance
Liquid Chromatography (HPLC) according to
Fernandez de Simon et al. (1990).

Table 1. The leaf extract composition of olive, rosemary and lemon grass (mg/100g).

Phenolic compound

Rosemary extract

Lemon grass extract Olive extract

Pyrogallol 219.47
Gallic acid 7.84
Protocatchoic acid 20.97
Rosmarinic acid 533.70
Catechein 14.39
Chlorogenic acid 19.93
Salycilic acid 5.57
Catechol 73.42
Caffeic acid 18.83
Vanillic acid 0.532
Caffeine 7.43
p-coumaric 34.60
Ferulic 233.50
Iso-ferulic 6.27
Coumarin 13.42
3,4,5-methoxy-cinnamic 5.62

56.45 18.35
35.17 1.54
5.18 2.78
94.23 19.60
22.62 54.27
33.20 ----

60.56 10.31
17.54 1.82
43.32 5.57
5.18 1.55
5.50 3.65
4.93 0.89
1.10 11.90
1.40 4.92
15.33 2.33

Cherry tomato fruits were dipped for 5 min.
in olive leaves extract at 1%, rosemary extract at
1%, lemon grass extract at 1%, solution of
chitosan at 1%, olive leaves extract at 1% then
chitosan at 1%, rosemary extract at 1% then
chitosan at 1%, lemon grass extract at 1% then
chitosan at 1% and control (dipping 5 min. in
distilled water). All the treatments were packed in
transparent plastic punnets which contains 250 g
of fruits after air dried. Every 3 punnets were
sealed with polypropylene film (30 um thickness,
15 x 25 cm size) represented as one replicate.
Fifteen replicates were prepared for each
treatment and stored at 10°C and 90-95% RH for
35 days. All samples were arranged in a complete
randomized design. Three replicates from each
treatment were taken at random and examined
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immediately after harvest and after 7, 14, 21, 28
and 35 days of cold storage at 10°C and 90-95%
RH to determine the following properties:

1. Weight loss (%): It was calculated according to
the equation = [(Wi —WSs)/ Wi] x100. Where, Wi
= fruit weight at initial period, Ws = fruit weight
at sampling period.

2. Decay percentage: Decayed fruits were counted
and recorded by visual examination (decayed
fruits included all the injured or spoiled, resulting
from microorganisms infections) percentage of
decay was calculated in relation to the total initial
weight of stored fruits (Cheour et al., 1990).
Decayed fruits % = (A / B)* 100 Where: A =
weight of decayed fruits at time of sampling, B =
weight of the initial.
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3. General appearance was measured using a scale
from 9 to 1, with 9 = excellent, 7 = good, 5 = fair,
3 =poor and 1 = unsalable; fruits rated 5 or lower
were considered unmarketable, according to
Kader et al. (2002).

4. External surface color was evaluated by using a
Minolta CR-400 Chroma Meter (Minolta Co.,
Ltd., Osaka, Japan) to measure the L* describes
lightness (L*=0 for black, L*=100 for white)
according to McGuire (1992).

5. Fruit firmness was determined by a hand
pressure tester (Italian model) with an 8 mm
plunger expressed in kg/cm? (Abbott, 1999).

6. Ascorbic acid content (mg/100g fresh weight)
was determined by titration method using 2,6
dichloro-phenol-indo-phenol the dye as described
in AOAC (1990).

7. Lycopene content: The lycopene content was
measured as method as Ito and Horie (2009). This
method contains of two main steps, extraction of
juiced tomato to get lycopene extract and
standard, then measured the absorbance value of
the  solution at 505 nm  (U-1900
spectrophotometer,  Hitachi, Japan), and
absorbance value used to get the lycopene content
of the samples and calculated lycopene content
using equation: lycopene content = 10x
absorbance value + 0.315 x sample value (Q).

8. Total phenolic content (mg/100g fresh weight)
was measured by the Folin-Ciocalteu method,
according to Singleton et al. (1999).

9. Antioxidant activity (%) was measured by
determining of the free radical scavenging activity
evaluated by 2.2-diphenyl-1-picrylhydrazyl
(DPPH), according to Sanchez-Moreno et al.
(2003).

10. Gas composition in packages: Gas
composition inside the packages was measured
using F-950 Handheld Ethylene Analyzer that
measures 3 critical gases: Ethylene, CO2 and O>
to maintain optimum produce quality at every
phase of handling during storage.

2.2. Statistical analysis

Using MSTATC software, statistical
analysis of the data was performed to calculate the

means, variance and standard error. The LSD
value at the 5% level was calculated to estimate
mean separations (Snedecor and Cochran, 1980).

3. RESULTS AND DISCUSSION
3.1. Weight loss percentage:

Results in Table (2) cleared that the weight
loss percentage of cherry tomatoes has been raised
with extending storage time. These results concur
with Saad et al. (2023) this is due to respiration
processes, moisture transfer from the surface of
the fruit, and some other oxidation processes (Zhu
et al., 2008).

However, all postharvest treatments
maintained their weight in comparison to the
control. After 35 days of storage at 10°C,
rosemary extract plus chitosan significantly
reduced weight loss percentage, followed by olive
leaves extract plus chitosan and lemon grass
extract plus chitosan treatments with significant
differences between them in the two seasons. The
highest value was noticed with control, and these
concur with Bina et al. (2016); Omoba and
Onyekwere (2016); Zam (2019); Haseeb et al.
(2021) and Shehata et al. (2021) and may be due
to olive leaves, rosemary, lemon grass extracts
and chitosan controlling of decay and reducing its
damage through several biological activities,
where a thin layer surrounds the fruits and creates
a modification in the air around the fruits, which
reduces the rates of fruit respiration, reduces
transpiration and oxidation reaction rates through
stomata, reduces other metabolic activities, and
thus reduces the rate of weight loss (Omoba and
Onyekwere, 2016; Mahmoud et al., 2017; Talei et
al., 2017 and Lin et al., 2020).

3.2.Fruit decay percentage:

Data in Table (3) indicate that decay
percentage of cherry tomatoes increased with the
prolongation of storage periods. These results
agree with Abdullah and Ibrahim (2018) on cherry
tomatoes, which could be because of various
successive biochemical and chemical

Table 2. Effect of chitosan and some plant extracts as postharvest treatment on weight loss
percentage of cherry tomato during cold storage at 10°C in 2024 and 2025 seasons.

Treatments

Storage period (days)
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7 21 28 35 Mean
2024 season
Lemon grass extract 0.16 s-u 0.25 pq 0.42 mn 0.51 kI 0.78g 043C
Rosemary extract 0.11 vw 0.16 s-u 0.350 041n 0.62 1 0.33E
Olive leaves extract 0.13 t-w 0.21qr 0.39 no 0.491 0.72h 039D
Chitosan 0.19rs 0.29p 0.47 Im 0.60 ij 0.84f 048B
Lemon grass extract + 009wx  014sv  028p 0340 0555k 0.28F
chitosan
Olive leaves extract + 008wx  01luw 023qr 026pq 043mn 022G
chitosan
Rosemary extract + 0.04x  0.09wx 018rt 022qr 0340 0.18H
chitosan
Control 114 e 1.67d 2.06 c 3.24b 402a 243A
Mean 0.24 E 0.37D 055C 0.76 B 1.04 A
2025 season

Lemon grass extract 0.13 v-y 0.23 st 040m-0  0.50 jk 0.75fg 0.40C
Rosemary extract 0.09 w-z 0.15u-x 034n-q 0.39m-0 061h 032D
Olive leaves extract 0.12 w-y 0.20t-v  0.38n-p 0.48 j-I 069g 037C
Chitosan 0.15 u-x 0.26r-t  0.45k-m 0.58 hi 082f 045B
Lemon grass extract + 008xz  013vy 027¢s 032pr 053if 027E
chitosan
Olive Jeaves extract + 006yz 010wz 022su 025rt 04lln 021F
chitosan
Rosemary extract + 003z  008yz 016uw 020su 0330-q 016G
chitosan
Control 1.08¢e 1.60d 2.02¢c 3.22Db 399a 238A
Mean 0.22 E 0.34D 0.53C 0.74B 1.02 A

The values that contain the same capital or small letters in the same columns and rows indicate that there are no significant

variations between each other at level 0.05.

changes, like the transformation of complex
compounds into simple compounds that may be
susceptible to infection by various fungi (Wills et
al., 1989).
All treatments reduced the percentage of decay
and thus extended the storage time in comparison
to the control treatment. However, rosemary
extract plus chitosan, olive leaves extract plus
chitosan and lemon grass extract plus chitosan
treatments didn’t show any decay. However,
decay began in the control fruits after 14 days of
cold storage, then it increased till the end of
storage in both seasons, and it concurs with Bina
et al. (2016) and Haseeb et al. (2021).

This decreasing in decay percentages of
treated fruits with rosemary, olive leaves, lemon

grass extracts possible due to increase defense by
treatments on surface and its effect on delaying
infection with pathogens is a result of the main
components in the extracts e.g. carnosol, carnosic
acid, rosmarinic acid and phenolic diterpenoids in
rosemary extract (Ibrahim and Ebady, 2014 ),
There are also phenolic compounds in olive leaves
extract, which are: verbascoside, caffeic acid,
luteolin 7-O-glucoside, oleuropein, rutin, luteolin
40-O-glucoside and apigenin 7-O-glucoside
(Hendel et al., 2016) and there are also some
compounds in Lemon grass extract i.e. saponins,
flavonoids,

Table 3. Effect of chitosan and some plant extracts as postharvest treatment on decay (%o) of cherry
tomato fruits during cold storage at 10°C in 2024 and 2025 seasons.

Treatments

Storage period (days)
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0 7 14 21 28 35 Mean
2024 season
Lemon grassextract 0.00h  0.00 h 0.00 h 0.00 h 0.00 h 1552 ¢ 259C
Rosemary extract 0.00h  0.00h 0.00 h 0.00 h 0.00 h 10.87 g 181E
Olive leaves extract 0.00h  0.00 h 0.00 h 0.00 h 0.00 h 12.74 f 212D
Chitosan 0.00h 000h 000h 000h 1325f 2218d 591B
Lemon grassextract o o gooh  000h  000h  000h  000h  0.00F
+ chitosan
Olive leavesextract 5, gooh  000h  000h  000h  000h  0.00F
+ chitosan
Rosemary extract+ 4o gooh  000h  000h  000h  000h  000F
chitosan
Control 0.00h 000h 1529e 31.62c 3348b 36.73a 1952A
Mean 0.00E 000E 191D 395C 584B 1226A
2025 season
Lemon grassextract 0.00i  0.00i 0.00 i 0.00i 0.00i 14.89 e 2.48 C
Rosemary extract 0.00i 0.00i 0.001i 0.00i 0.00i 10.62 h 1.77E
Olive leaves extract  0.00i  0.001i 0.00 i 0.00i 0.00i 12.16 g 2.03D
Chitosan 0.00i 000§ 000i  000i 1277f 2153d 572B
Lemon grassextract 405 0goi 000§ 000§  000i  000i  000F
+ chitosan
Olive leavesextract 00 gooi  000i  000i 000§  000i  000F
+ chitosan
Rosemary extract+ 405 000i 000§  000i  000i  000i  000F
chitosan
Control 0.00i 000i 1462e 3075¢c 3291b 3606a 19.06 A
Mean 0.00E 000E 183D 384C 571B 1191A

The values that contain the same capital or small letters in the same columns and rows indicate that there are no significant

variations between each other at level 0.05.

alkanoids, anthraquinones, tannins, steroids and
phenols (Asaolu et al., 2009). The different
extracts tested in the present study contain phenol
compounds that have a great antifungal activity
and they can affect the enzymes responsible for
the germination of fungal spores and are also
recognized as biologically active components
(Tabassum and Vidyasagar, 2013; Abd-El
Wahab, 2015). Besides, the positive effects of
treatment with chitosan on prevent post-harvest
diseases and reduce decay percentages (Ahmed et
al., 2016).

3.3.General appearance:

Data in Table (4) indicate that there was a
significant decrease in the general appearance of
cherry tomato fruits with the extension of the
storage time, and these are in agreement with Saad
et al. (2023) on cherry tomatoes and could be
because  of shriveling, decay, wilting,
deterioration and color change (Zeng et al., 2020).
However, cherry tomato fruits treated with all
treatments had a significantly higher general
appearance score. After 35 days of storage at
10°C, rosemary extract in addition to the chitosan
treatment showed the best overall appearance and
did not show any changes and

Table 4. Effect of chitosan and some plant extracts as postharvest treatment on general appearance
(score) of cherry tomato fruits during cold storage at 10°C in 2024 and 2025 seasons.
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Storage period (days)

Treatments 0 7 14 21 28 35 Mean
2024 season
Lemon grass extract 9.00a  9.00 a 7.67bc 7.00cd 5.67 ef 500fg 7.22DE
Rosemary extract 9.00a 9.00a 9.00a 7.67bc  7.00cd 6.33 de 8.00C
Olive leaves extract 9.00 a 9.00a 833ab 7.00cd 6.33de 5.67 ef 7.56 D
Chitosan 9.00a 9.00a 7.67bc 7.00cd 500fg 4.33gh 7.00 E
Lemongrassextract a5,  900a  900a 833ab 7.67bc 7.00cd 8.33BC
+ chitosan
Olive leavesextract g5, ggoa  900a  900a 833ab 767bc 867 AB
+ chitosan
Rosemaryextract+ — q49,  g90ga  9.00a 9.00a 900a 833ab 889A
chitosan
Control 9.00a 7.00cd 5.00 fg 3.67 hi 3.001i 1.67 j 489 F
Mean 9.00A 8.75A 8.08 B 7.33C 6.50 D 575E
2025 season
Lemon grass extract 9.00a  9.00 a 767bc 7.00cd 5.67 ef 500fg 7.22DE
Rosemary extract 9.00a 9.00a 9.00a 7.67bc  7.00cd 6.33 de 8.00C
Olive leaves extract 9.00 a 9.00a 833ab 7.00cd 6.33de 5.67 ef 7.56 D
Chitosan 9.00a 9.00a 7.67bc 7.00cd 500fg 4.33gh 7.00 E
Lemongrassextract ¢n,.  900a  900a 833ab 7.67bc 7.00cd 8.33BC
+ chitosan
Olive leavesextract gy, gg00a  900a  900a 833ab 767bc 867 AB
+ chitosan
Rosemary extract+ g9, g900a  9.00a  9.00a 9.00a 833ab 889A
chitosan
Control 9.00a 7.00cd 5.00 fg 3.67 hi 3.001i 1.67 489 F
Mean 9.00A 8.75A 8.08 B 7.33C 6.50 D 575 E

The values that contain the same capital or small letters in the same columns and rows indicate that there are no significant

variations between each other at level 0.05.

gave an excellent appearance. While olive leaves
extract plus chitosan and lemon grass extract plus
chitosan treatments rated good appearance. On
another side, the untreated fruits had an unsalable
appearance at the same time in both seasons, and
these concur with Karakasov et al. (2012) and
Shehata et al. (2021). Previous studies have
shown that chitosan enhances the overall
appearance and visual quality of tomatoes, which
aligns with our results and may be due to the
beneficial impacts of chitosan in maintaining the
fruits appearance throughout storage due to
reduced lycopene degradation (Kibar and Sabir,
2018), delays the ripening of the fruits and
prevents the growth and evolution of unwanted
microbes (Velickova et al., 2013).

Zam, (2019) found that the ripening
process in sweet cherries is slightly delayed when
a special coating of chitosan with olive leaf extract
is added.

3.4.Color (L* value):

The lightness of tomato fruits (L* value) is
considered the most important color factor that is
greatly affected during storage (Shehata et al.,
2021).

Data in Table (5) indicate that there was a
significant decrease in L* value with raising the

Table 5. Effect of chitosan and some plant extracts as postharvest treatment on color (L* value) of
cherry tomato fruits during cold storage at 10°C in 2024 and 2025 seasons.

Treatments

46

Storage period (days)
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0 7 21 28 35 Mean
2024 season

Lemon grass extract 49.29a 4831b-e 46.14i-k 45.121-n  4352p 40.89r 4555F
Rosemary extract 49.29a 48.76a-c 47.26f-h 46.14i-k 45.131-n  4243q 46.50D
Olive leaves extract  49.29a 48.62a-d 46.83g-i 4557k-m 4441n-p 4186q 46.10E
Chitosan 49.29a 48.27b-e 4581j-1 4455no0 42.54 q 39.56s 45.00G
Lemon grassextract  4q29a 4887ac 47790 46650 4562km 43970p 47.08C

chitosan
Olive leaves extract 49592 4905ab 4801c-f 47.46eg 46.74g- 45021-n 47.59B

chitosan
?hoiig;arl\ry eXract*  4929a 49.12ab 4869a-d 48.38ae 475leg 46.49h-k 48.25A
Control 49.29a 4797cf 4478m-0 42.23q 39.11s 3548t 43.14H
Mean 4929 A 48.62B 46.91C 45.76 D 4432 E 4196 F

2025 season

Lemon grass extract 53.22a 52.26c-e 50.08 ]-m 49.05 n-p 47.42 s 4482u 49.48F
Rosemary extract 53.22a 52.70a-c 51.19¢-i 50.04 k-m 49.02 op 46.36t 50.42D
Olive leaves extract 53.22a 5257a-d 50.76 h-j 49.49m-0 48.30qr 4579t 50.02E
Chitosan 53.22a 52.23c-e 49.741-n  48.47 p-r 46.44 t 43.49v  48.93G
Lemon grassextract g3 22a 52.82a-c 5172e-g 50561k 4951m-0 47.90rs  50.96C
+ chitosan
Olive leavesextract 53574 5300ab 5L94d-f 5L37fh 50.63ik 48950 5L52B
+ chitosan
nosemaryextracl*  s322a  5308a 5262ad 5229be 5L39Fh 5042j1 5217A
Control 53.22a 51.93d-f 48.71pq 46.15t 43.02 v 3941w 47.07H
Mean 5322 A 52.57B 50.85C 49.68 D 48.22 E 45.89 F

The values that contain the same capital or small letters in the same columns and rows indicate that there are no significant

variations between each other at level 0.05.

storage period of cherry tomato fruits showing
darker fruits in both seasons, and these concur
with Saad et al. (2023) on cherry tomatoes. This
could be connected to surface dehydration which
reduces the surface glossiness (Perdones et al.,
2016).

However, all postharvest treatments
significantly maintained L* values in comparison
to untreated fruits. At the end of the storage
period, cherry tomato fruits coated with rosemary
extract plus chitosan had a significantly higher L*
value (lighter indicator), tracked by olive leaves
extract plus chitosan treatment. While the
untreated control had the lowest L* value (darker
indicator) in both seasons, and these concur with
Al-Baarri et al. (2020) and Shehata et al. (2021).

The larger loss in tomato peel gloss in the
control groups is likely related to the higher water
loss in the control (Koyuncu et al., 2019), while
applying chitosan as an edible coating on the
surface of the fruit can give additional gloss to the
surface of the fruit which raises and maintains L*
during cold storage (Baldwin et al., 2011).

3.5.Fruit firmness:

Data in Table (6) indicate that there was a
significant reduction in the firmness due to the
prolongation of storage in the two seasons, and
these are in agreement with Saad et al. (2023) on
cherry tomatoes. This may be a result of decreased
cell wall hydrolase activity as well as intracellular
turgor pressure, which leads to softening of the
fruit wall (Tokala et al., 2021).

Table 6. Effect of chitosan and some plant extracts as postharvest treatment on firmness (kg/cm?)

of cherry tomato fruits during cold storage at 10°C in 2024 and 2025 seasons.

Storage period (days)

Treatments 0

7

14

21

28

35

Mean

47
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2024 season

Lemon grassextract 195a 1.78b-i 1.63j-0 145p-s 127tw 1.13wx 154DE
Rosemary extract 195a 185af 172fk 1571-p 145p-s 132s-v 164C
Olive leaves extract 1.95a 1.80b-h 1.68h-m 152n-r 135s-u 120v-x 158D
Chitosan 195a 1.75d-j 158k-p 140rt 1.22u-w 1.07 x 149E
Lemon grassextract 4 g5, 1ggad 1.78b-i  165in 155m-q 142qs 171B
+ chitosan
Olive leavesextract 1 o955 190a-c 180b-h  173ej 163j0 1500+ L75B
+ chitosan
Rosemary extract+ ;955 192ab 187ae 183ag 177cj 167hm 183A
chitosan
Control 195a 17091 1500-r 1.27t-w 1.07 x 0.90y 140F
Mean 195A 182B 1.70C 155D 141 E 128F

2025 season
Lemon grassextract 2.30a 2.15af 198c-j 1.80h-0 1651 1.48 pq 1.89E
Rosemary extract 230a 222ac 208ag 192e-k 182h-n 1.67k-q 2.00CD
Olive leaves extract 2.30a 2.17a-e 205a-h 1.87g-m 1.73j-p 1550-g 1.94DE
Chitosan 230a 213af 195dj 175j-0 1.60n-q 1.42q 186 E
Lemon grassextract 530, 225ab  213af 202bi  190fl L177i-0 2.06BC
+ chitosan
Olive leavesextract  , 4, 5574 215af 210ag 198cj 185g-n 211AB
+ chitosan
Rosemary extract+ 5304 228a 222ac 218ad 213af 202bi 219A
chitosan
Control 230a 2.08a-g 1.87g-m 1.62m-q 145 1.15r 174 F
Mean 230A 2.19B 2.05C 191D 1.78 E 161F

The values that contain the same capital or small letters in the same columns and rows indicate that there are no significant

variations between each other at level 0.05.

Furthermore, softening changes in the fruit were
associated with degradation of the middle lamina
of cortical parenchyma cells, which in turn leads
to a significant raise in pectin solubilization
(Garcia et al., 2014).

However, all treatments had a significant
impact on reducing the loss of firmness in
comparison to untreated fruits. At the end of the
storage period, cherry tomatoes dipped in
rosemary extract plus chitosan gave the greatest
value of firmness, tracked by olive leaves extract
plus chitosan and lemon grass extract plus test.
chitosan with no significant difference between
them. The least value for firmness was in the
control treatment in both seasons, and it is
consistent with Omoba and Onyekwere (2016);
Al-Baarri et al. (2020); Haseeb et al. (2021) and
Shehata et al. (2021).

The role of chitosan in reducing the
availability of oxygen to tissues may be the reason
for reducing enzymes responsible activity for the
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loss of firmness of tomato fruits, such as pectin
esterase and polygalacturonase, which keeps the
firmdness higher (Hesami et al., 2021).

Olive leaves extract inhibit tissue softening
by delaying the ripening process so that the
process of degradation of the cell wall becomes
slower (Al-Baarri et al., 2020).

Adding chitosan layers to lemon grass
extract inhibits the hydrolase enzyme activities
and thus maintains the firmness of the fruit.

3.6.Ascorbic acid content:

The most important antioxidant compound
in tomatoes is ascorbic acid (Zhang et al., 2021).
Ascorbic acid powerfully removes free radicals
and thus prevents deterioration of the fruit during
the ripening process (Al-Snafi, 2016). Data in
Table (7) indicated that ascorbic acid content has
been lowered significantly until the end of the
storage duration in the two seasons, and these
concur with Saad et al. (2023) on cherry tomatoes.
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This decrease could be because of the usage of
ascorbic acid in the process of respiration (Hesami
et al., 2021) or the oxidation (de Siqueira Oliveira
etal., 2018).

However, all treatments significantly
lowered the loss of cell content of ascorbic acid
during storage durations in comparison with
untreated fruits. At the end of the storage period,
rosemary extract plus chitosan treatment recorded

the greatest values of ascorbic acid content,
tracked by olive leaves extract plus chitosan
treatment with significant difference between
them in both seasons, while untreated fruits
recorded the least values of ascorbic acid in both
seasons, and these are in conformity with
Mahmoud et al. (2017); Samad et al. (2019); Zam
(2019); Haseeb et al. (2021) and Shehata et al.
(2021).

Table 7. Effect of chitosan and some plant extracts as postharvest treatment on ascorbic acid
content (mg/100g F. W.) of cherry tomato fruits during cold storage at 10°C in 2024 and

2025 seasons.

Storage period (days)

Treatments

0 7 14 21 28 35 Mean
2024 season
Lemon grassextract 32.80a 31.60cd 29.97i-k 29.03mn 27.07s 2483v 29.22E
Rosemary extract 3280a 31.67cd 30.63gh 29.67j-1 28.100-q 2597tu 29.81D
Olive leaves extract 32.80a 31.63cd 30.50¢-i 29.40k-m 27.83p-r 2543u 29.60D
Chitosan 32.80a 31.37de 29.53k-m 28400p 26.33t 2407w 28.75F
Lemon grassextract 35 g0a 32.30ab 3123d-f 3047g4i  2020Im  27.37rs 30.56C
+ chitosan
Olive leaves extract 45 55 3937ap 31.33de  30.70fgh 29.37Im  28.47no0 30.84 B
+ chitosan
?hoiigrsgiry extract*  s580a 3263ab 320bc  3157cd 30.97e-g 30.13hj 3170 A
Control 32.80a 3127d-f 2917Im 2757q-s 2540uv 22.43x 28.11G
Mean 3280 A 3185B 3056C 29.60D 28.03E 26.09F
2025 season
Lemon grass extract 35.27a 34.07cd 3247h-j 3150Im 2950q 27.30u 31.68E
Rosemary extract 35.27a 34.17cd 33.13g 3213i-k 30.53no0 28.43rs 32.28D
Olive leaves extract 35.27a 34.13cd 3297gh 3187kl 30.270p 27.93st 32.07D
Chitosan 3527a 3387de 3200j1 30.87n 2880r 2653v 31.22F
Lemon grassextract 35572 34.80ab 3370d-f  3293gh  3L67KI  20.83pg 33.03C
chitosan
Olive leaves extract 55 o7 0 3483ap 33.83de  33.47fg 3183kl 30.97mn 33.32B
+ chitosan
?hoiigg‘;?]ry eXUract*  s527a 3513ab  34.60bc  3403d 3343efg 3257hi 3417 A
Control 3527a 3377de 3163kl 30.070p 27.83tu 2490w 3058 G
Mean 3527A 3435B 33.04C 3207D 3048E 28.56F

The values that contain the same capital or small letters in the same columns and rows indicate that there are no significant

variations between each other at level 0.05.

The maximum retention of vit. C in tomato
fruits treated with rosemary extract could be
because of the antioxidant activities in rosemary
extracts (Hendel et al., 2016), which lowers the
oxidation of ascorbic acid.
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Also, plants leave extracts and chitosan
coating maintained the content of ascorbic acid
during storage might be because these materials
reduced respiration process (Olawuyi et al., 2019
and Haseeb et al., 2021) which conserved ascorbic
acid content from the loss.
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3.7.Lycopene content (mg/100 g FW):

These results agree with Abdullah and
Ibrahim (2018) on cherry tomatoes. The red color
gradually develops during the ripening and
ripening of tomato fruits due to the decomposition

of chlorophyll and the formation of the pigment
lycopene (Wu and Kubota, 2008). All treatments
gave significantly lower lycopene content of
cherry tomatoes in comparison to untreated
control during storage periods.

Table 8. Effect of chitosan and some plant extracts as postharvest treatment on lycopene content
(mg /100 g F. W.) of cherry tomato fruits during cold storage at 10°C in 2024 and 2025

seasons.
Storage period (days)
Treatments 0 7 14 21 28 35 Mean
2024 season
Lemon grass extract 053z  0.80 vw 1.12r 1.931 2.64 h 353d 176C
Rosemary extract 053z 0.77v-x 1.02s 1.72n 2.26 | 291f 154E
Olive leaves extract 053z 0.79 vw 1.07rs 1.83m 2.53 i 3.39e 169D
Chitosan 0.53z 0.82uv 1.19¢ 2.05k 2.79¢g 366c 1.84B
Lemongrassextract 0o, g74wx 095t 1480 199kl 257hi 138F
+ chitosan
Olive leavesextract 553, 571y, 088ty 133p 175n  2.29] 125G
+ chitosan
Rosemary extract+ os3, 066y  08luw 121q 1490 1961 L11H
chitosan
Control 0.53z 0.89t 1.76 mn 2.84 fg 3.81b 498a 247A
Mean 0.53F 0.77E 110D 1.80C 241 B 3.16 A
2025 season

Lemon grass extract 0.46\  0.75xy 1.06rs 1.86 1 2.55h 346d 169C
Rosemary extract 046\ 0.72yz 0.96 tu 1.65n 2.18 284f 147E
Olive leaves extract 0.46\ 0.74 x-z 1.01 st 1.76 m 2.45i 3.32e 162D
Chitosan 046\ 0.77 w-y 1.13qr 1.98 k 2.70 g 359c¢ 1.77B
Lemon grassextract , 46\ 066z  088uv 1410 191kl 250hi 131F
+ chitosan
Olive leavesextract 46\ 03[  08lv-x 126p 167mn 222] 118G
+ chitosan
Rosemary extract+ 446\ 058  074xyz 115q 1420 189kl 1.04H
chitosan
Control 046\ 0.85vw 1.71mn 2.77 fg 3.71D 491a 240A
Mean 0.46 F 0.71E 1.04 D 1.73C 2.32B 3.09 A

The values that contain the same capital or small letters in the same columns and rows indicate that there are no significant

variations between each other at level 0.05.

Cherry tomatoes dipped in rosemary
extract plus chitosan gave the lowest values of
lycopene content, tracked by olive leaves extract

plus chitosan treatment with significant
differences between them, indicating reduction in
color development and the fruits become less
redness, while chitosan treatment was less
effective in retarding the development of color.
The untreated control gave the highest content for
lycopene resulting in more redness in the two
seasons, and these are consistent with Shehata et
al. (2021).
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Chitosan treatment can lower O levels and
increase CO- levels around tomato fruits resulting
in delayed ripening and development of color
(Breda et al., 2017).

This result was attributed to the vital role of
rosemary, olive leaves, lemon grass extracts and
chitosan for lowering respiration and maturity
process (Mahmoud et al., 2017; Talei et al., 2017;
Olawuyi et al., 2019 and Lin et al., 2020) resulting
in a delay in fruit ripening and lycopene
biosynthesis.

The effect of the interaction between
treatments and storage periods, the results
obtained from rosemary plant extract with
chitosan revealed a significant reduction in
lycopene content in comparison to the other
treatments until the end of storage in both seasons.

3.8.Total phenolic content:

Phenols are one of the most effective non-
enzymatic antioxidants in scavenging ROS
(Rastegar et al., 2020), potentially alter the
activity of some enzymes and chelate metal ions
(Peretto et al., 2017). Data in Table (9), the total
phenolic content (TPC) significantly reduced until
the end of the storage duration in the two seasons,
and these concur with Saad et al. (2023) on cherry
tomatoes. The decline in total phenolics during
storage was associated with their consumption to
inhibit free radicals (Naser et al., 2018). Also,
senescence results from the breakdown of cell
structures and phenolic oxidation through
enzymatic activities such as PPO (Razzaq et al.,
2014). However, all treatments significantly
decreased the loss in total phenolic content during
storage durations as compared with untreated
fruits.

At the end of the period, rosemary extract plus
chitosan treatment recorded the greatest values of
total phenolic, tracked by olive leaves extract plus
chitosan treatment with no significant difference
between them in the first season, while untreated
fruits recorded the least values of total phenolic
content in both seasons, and these are in
conformity with Melo et al. (2018); Zam (2019)
and Moccia et al. (2021).

Zam (2019) found that fruits coated with
chitosan enriched with OLE showed a higher rate
of total phenolic content values compared to
uncoated fruits. This may be due to a decrease in
oxygen permeability and thus a reduction in the
respiration rate and production of ethylene from
the fruits and a reduction in respiratory enzyme
activity (Wang and Gao, 2013).

3.9. Antioxidant activity:

Antioxidant activity helps fruits overcome
oxidative stress and prevents membrane damage
via their antioxidant activity against ROS
(Rastegar et al., 2020). DPPH radical scavenging
capacity ratio is frequently used to assess the
antioxidant activity of fruits (Zhang et al., 2018).
Data in Table (10), the antioxidant activity (%) of
cherry tomatoes decreased significantly with
extension of storage duration in the two seasons,
and these concur with Saad et al. (2023) on cherry
tomatoes. This may be attributed to the oxidation
of polyphenols (Razzaq et al., 2014) and ascorbic
acid (Hosseini et al., 2018) during storage, which
decreased @ DPPH  scavenging  activities
(Lecholocholo et al., 2022).

Table 9. Effect of chitosan and some plant extracts as postharvest treatment on total phenolic
content (mg / 100 g fresh weight) of cherry tomato fruits during cold storage at 10°C in

2024 and 2025 seasons.

Storage period (days)

Treatments 0 7 21 28 35 Mean
2024 season
Lemon grass extract 36.83a 35.64c-i  34.42k-n 33.240-r 32.28r-t 30.26 vw 33.78DE
Rosemary extract 36.83a 36.25a-f 3532fk 341410 33280-r 31.35tu 3453C
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Olive leaves extract 36.83a 35.76 b-h  34.66 i-n
Chitosan 36.83a 3554d-j 34.181-0
Lemon grass extract 35635 3659a-d  35.94 a-g
+ chitosan

Olive leaves extract 35935 3p.68a-bc 36.35 af
+ chitosan

Rosemary extract+ 35632 36.72ab  36.49 a-e
chitosan

Control 36.83a 34.85h-m 32.34r-t
Mean 36.83A 36.00B 34.96C
Lemon grass extract 39.86a 38.69e-h  37.46 ki
Rosemary extract 39.86a 39.30a-d 38.36 g-i
Olive leaves extract 39.86a 38.81d-g 37.70 j-I
Chitosan 39.86a 38.60f-h 37.23Im
Lemon grassextract 39862 39.63ab  38.97 c-f
+ chitosan

Olive leaves extract 3986, 39.72ab  39.38a-d
+ chitosan

Rosemary extract + 39862  39.76ab  39.52a-c
chitosan

Control 39.86a 37.91i-k 35.39pq
Mean 39.86 A 39.06B 38.00 C

33.61 n-q
32.91 p-s

34.49 j-n

35.96 a-g

36.19 a-f

30.19 vw

33.84D

2025 season

36.30 no
37.20 Im
36.67mn
35.990

37.54 kl

39.01 c-f

39.24b-e

33.27s
36.90 D

32.72 g-s
31.89 st

33.82 m-p

35.09 g-I

35.46 e-k
28.43 X
32.87E

35.32 pq
36.32 no
35.76 op
34.94 qr

36.86 mn
38.13 h-j

38.50 f-h

31.48 u
3591 E

30.74 uv
29.65w

32.23 r-t
33.75 n-q

34.44 k-n
24.69y
30.89 F

33.29 s
34.38r
33.77s
32.68t

35.26 pq
36.78mn

37.47 ki

27.72v
33.92F

34.06 D
33.50E

34.99B

35.78 A

36.02 A
31.22 F

36.82 F
37.57D
37.10E
36.55 G

38.02C

38.81B

39.06 A
34.27H

The values that contain the same capital or small letters in the same columns and rows indicate that there are no significant

variations between each other at level 0.05.

The treatments used significantly reduced
the loss of antioxidant activity at the end of the
storage period in comparison to untreated fruits.
Rosemary extract plus chitosan treatment
significantly contributed to preserving the
antioxidant activity of fruits, tracked by olive
leaves extract plus chitosan treatment with no
significant difference between them. While the
untreated fruits had the least values of antioxidant
activity in both seasons, and these are in
agreement with Zam (2019) who found that the
retention of phytochemicals was closely
associated with the preservation of antioxidants in
sweet cherry fruits coated with OLE-enriched
chitosan after 20 days. The preservation of
antioxidant activity (AOA) might be partly
because of the modification of the internal
atmosphere resulting from the edible coatings
leading to the initial accumulation of phenolic
compounds (Frusciante et al., 2007).
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Table 10. Effect of chitosan and some plant extracts as postharvest treatment on antioxidant
activity (DPPH scavenging %) of cherry tomato fruits during cold storage at 10°C in

2024 and 2025 seasons.

Storage period (days)
Treatments 0 7 14 21 28 35 Mean
2024 season

Lemon grass extract 69.43a 67.98c-f 66.26)]-m 64.150p 61.83rs 58.62u 64.71E
Rosemary extract 69.43a 6845a-e 67.22f) 66.05k-m 64.89n0 62.73qr 66.46C
Olive leaves extract  69.43a 68.31b-e 66.78h-k 6537 mn  63.81p 61.46st 65.86 D
Chitosan 69.43a 67.64e-i 65.641-n 63.25pQ 60.61 t 57.06v  63.94F
Lemon grassextract g9 434 6893ac 67.92d-g 66.89h-k 65641-n 64030p 67.14B
+ chitosan

Olive leaves extract g9 43,5 po.18ab 6848ae 67.65eh 66.65ik 6536mn 67.79 A
+ chitosan

CRhoiig'sT;iry eXract* 69432 69.24ab 6864a-d 67.91d-g 66979k 66.01k-m 68.03A
Control 69.43a 66.59j)-1 63.980p 60.76 t 57.61v 53.64w 62.00G
Mean 6943 A 6829B 66.86C 65.25 D 63.50 E 61.11 F

2025 season

Lemon grass extract 73.32a 71.89d-f 70.16i-k  68.04 0 65.74 r 6251t 68.61E
Rosemary extract 73.32a 7236c¢c-e 71.12gh  69.94 - 68.79 n 66.62q  70.36C
Olive leaves extract  73.32a 72.22c-f 70.68hi 69.281-n 67.710p 65.35r  69.76D
Chitosan 73.32a 7155fg 69.54k-m 67.17 pq 64.52 s 60.95u 67.84 F
Lemon grassextract  7332a 7285a-c 71.83ef 7081hi 6954k-m  67.920  7105B
+ chitosan

Olive leavesextract 73355 7310ab 72.39c-e  7157fg 7055h 69.25mn  7L69A
+ chitosan

Rosemaryextractt*  7332a 73.16ab 7255b-d  7183ef  70.87h  69.90jm 7194A
Control 73.32a 70.50h-j 67.880 64.68 s 61.52 u 57.53v  65.90G
Mean 73.32A 72.20B 70.77 C 69.17 D 67.40 E 65.01 F

The values that contain the same capital or small letters in the same columns and rows indicate that there are no significant

variations between each other at level 0.05.
3.10.Gas composition in package:

The data presented in Tables (11, 12, 13)
indicate a significant reduction in the percentage
of Oz and a raise in the percentage of CO; and
ethylene concentration in the containers during
the storage period in the two seasons, and they
concur with Saad et al. (2023) and could be
because of the production of CO, and
consumption of O throughout the respiration
process of cherry tomato fruit (Albornoz et al.,
2019).

Increased ethylene production during storage
indicates that cherry tomatoes are climacteric
fruits that exhibit characteristics of increased
ethylene production during ripening (Gharezi et
al.,, 2012). At the end of storage, the gaseous
composition inside the packages treated with

rosemary extract plus chitosan and olive leaves
extract plus chitosan treatments had high Oz and
low CO2 and ethylene concentrations with
significant differences between them, tracked by
package treated with lemon grass extract plus
chitosan treatment. These results concur with
Yonemoto et al. (2002) and Dong et al. (2004).

The impact of rosemary, olive leaves,
lemon grass extracts and chitosan treatments on
02%, CO2% and ethylene production was may be
because of the slow metabolic activity and
respiration of the fruit, thus retarding the ripening
process, modifying the internal atmosphere by
decreasing O> and/or increasing CO. and
preventing the evolution of ethylene (Dong et al.,
2004; Mahmoud et al., 2017; Talei et al., 2017 and
Lin et al., 2020).
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Table 11. Effect of chitosan and some plant extracts as postharvest treatment on Oz (%) of cherry tomato fruit during cold storage at
10°C in 2024 and 2025 seasons.

Storage period (days)

Treatments

0 7 14 21 28 35 Mean
2024 season
Lemon grass extract 20.80 a 20.57 a-c 19.20 ij 17.78 n 16.50 r 1542t 18.38 F
Rosemary extract 20.80 a 20.65 a-c 19.77 fg 18.80 ki 17.70 no 16.75qr 19.08 D
Olive leaves extract 20.80 a 20.62 a-c 19.37 hi 18.12m 16.95q 15.98s 18.64 E
Chitosan 20.80 a 20.52 b-d 18.97 jk 17.32p 16.07 s 14.97 u 18.11 G
'Eﬁirgzgr?rass extract + 2080a  20.68a-c 20.03 ef 19.17 ij 18.18 m 17430p  19.38C
(%'i';’oesfr?"es extract + 2080a  20.70 ac 20.28 de 19.60 gh 18.72 kI 1795mn  19.67B
?hoiigrsgiry extract + 2080a  20.75ab 20.45 cd 19.97 f 19.33 hi 18.73 Kl 20.01 A
Control 20.80 a 20.43 cd 18.60 | 16.83 q 1535t 1412 v 17.69 H
Mean 20.80 A 20.61 B 19.58 C 18.45D 17.35E 16.42 F
2025 season

Lemon grass extract 20.80 a 20.58 a-d 19.23 ij 17.85no 16.55r 15.47 t 18.41F
Rosemary extract 20.80 a 20.67 a-d 19.80 gh 18.87 ki 17.75 0 16.80 q 19.11D
Olive leaves extract 20.80 a 20.63 a-d 19.381i 18.18 m 17.00 q 16.03 s 18.67 E
Chitosan 20.80 a 20.53 b-e 19.00 jk 17.38 p 16.13s 15.02u 18.14 G
Lemon grass extract + 20.80 a 20.70 a-c 20.05 f 19.23 ij 18.22m 17.50 p 19.42 C
chitosan

Olive leaves extract + 20.80 a 20.72 ab 20.30 e 19.67 h 18.75 1 18.02 mn 19.71B
chitosan

?hoiiggiry extract + 20.80 a 20.77 ab 20.47 c-e 20.03 fg 19.37 | 18.80 ki 20.04 A
Control 20.80 a 20.45 de 18.63 | 16.90 g 15.43 t 14.15v 17.73 H
Mean 20.80 A 20.63 B 19.61C 18.51 D 1740 E 16.47 F

The values that contain the same capital or small letters in the same columns and rows indicate that there are no significant variations between each other at level 0.05.
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Table 12. Effect of chitosan and some plant extracts as postharvest treatment on CO2 (%) of cherry tomato fruits during cold storage
at 10°C in 2024 and 2025 seasons.

Storage period (days)

Treatments

0 7 14 21 28 35 Mean
2024 season
Lemon grass extract 0.03 [ 0.17 x-z 0.76 t 1.68n 291¢g 3.64d 1.53C
Rosemary extract 0.03] 0.14 x-z 0.68 uv 1.40 p 2.15k 2.83 h 1.21E
Olive leaves extract 0.03[ 0.15 x-z 0.73tu 1.600 2.721 343e 1.44D
Chitosan 0.03] 0.18 xy 0.77t 1.75n 3.21f 3.96b 1.65B
L.emon grass extract + 0.03[ 0.12 yz 0.63 v 1.35p 2,06 2711 115F
chitosan
Olive leaves extract + 0.03 [ 0.1z 0.47 w 1.0 1 1.70n 2.39 ] 0.97 G
chitosan
Rosemary extract + chitosan 0.03[ 0.10 z[ 042w 0.77t 1.26 q 1.84m 0.74 H
Control 0.03] 0.20 x 1.01s 221k 3.77c 4.60 a 1.97 A
Mean 0.03F 0.15E 0.68D 148 C 247B 3.18 A
2025 season

Lemon grass extract 0.03 [ 0.15 w-y 0.73s 1.62n 2.86 9 3.59d 150C
Rosemary extract 0.03] 0.11 x-z 0.64 tu 1.33p 2.13 k 2.77h 1.17E
Olive leaves extract 0.03] 0.12 w-z 0.69 st 1530 2.70 hi 3.37e 141D
Chitosan 0.03] 0.16 wx 0.74 s 1.69 mn 3.16f 3.92b 1.62B
Lemon grass extract + 0.03 0.09 y-[ 059 u 1.27 pq 2,051 2641 111F
Olive leaves extract + 0.03[ 0.08 yz[ 0.43v 101t 1.69 m 232] 0.93G
chitosan
Rosemary extract + chitosan 0.03] 0.07 z[ 0.38 v 0.69 st 1.25q 1.76 m 0.70 H
Control 0.03] 0.19w 0.99r 2.16 k 3.73¢ 4.56 a 1.94 A
Mean 0.03F 0.12E 0.65D 141C 245B 3.12 A

The values that contain the same capital or small letters in the same columns and rows indicate that there are no significant variations between each other at level 0.05.
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Table 13. Effect of chitosan and some plant extracts as postharvest treatment on ethylene
concentration (ppm) of cherry tomato fruits during cold storage at 10°C in 2024 and
2025 seasons.

Storage period (days)
0 7 14 21 28 35 Mean
2024 season
Lemon grassextract 0.00y 0.08s-v  0.191-n 0.28g-i 0.39de 043cd 0.23C
Rosemary extract 0.00y 0.05u-x 0.120-s 0.191-n 025i-k 030gh O0.15E
Olive leaves extract  0.00y 0.07s-w 0.15n-g 0.23j-I 0.33 fg 0.37ef 019D
Chitosan 000y 0.09rv 0.24i-1 032gh 041lc-e 046c 0.25B

Lemon grassextract g9y 0.04vy 010gu 015np 0.22j1 027hj 0I3E

Treatments

+ chitosan

Olive leavesextract 55y gopw.y 006tx 0120 017m-0 021k-m 0.10F
+ chitosan

Rosemary extract+ 65y go1xy 005u-y 008sv 01lpt 014nr 007G
chitosan

Control 000y 0.130-r 0.32gh 0.43cd 0.52b 06la 034A
Mean 000F 006E 015D 023C 030B 035A

2025 season
Lemon grassextract 0.22f-h  0.01st 0.07m-q 0.18hi 0.27 ef 0.37bc 0.22C
Rosemary extract 0.14 i-k 0.00t 0.04p-t 0.11j-n  0.18hi 0.23f-h 0.14E
Olive leaves extract ~ 0.18 hi 0.00t 0.06n-r 0.14i-k 022fh 0.31de 0.18D

Chitosan 025fg 000t 008lp 023fh 03lde 040b 025B
Lemon grass extract . .

onon 9t 0.12j-m 000t 003gqt 009lp 013i1 021gh 0.12F
Olive leavesextract 45410 000t  00Lrt 00505 010k-o  0.16ij 0.09G
+ chitosan

Rosemary extract+ 550 000t 000t 0.04pt 006nr 010k-0 0.05H
chitosan

Control 0.33 cd 0.00t 0.12j-m  0.31de 0.42b 051a 0.33A
Mean 0.00F 005E 014D 021C 029B  034A

The values that contain the same capital or small letters in the same columns and rows indicate that there are no significant
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