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ABSTRACT
Background: Sweet cherry fruit exhibits high perishability during the
postharvest period due to its thin skin, high respiration rate, and the
activation of oxidative pathways. Tryptophan, as an aromatic amino
acid and a precursor to bioactive compounds, can play an effective role
in regulating defense responses and delaying the senescence process.
Aims: This research aimed to evaluate the effect of postharvest
tryptophan treatment on the biochemical and antioxidant
characteristics of 'Tak-Daneh' sweet cherry fruit under cold storage
conditions.
Methods: The experiment was conducted as a factorial arrangement
in a completely randomized design with three replications. The first
factor consisted of different tryptophan concentrations (0, 0.5, 1, and
2 mM), and the second factor was the storage duration (7, 14, 21, and
28 days). After dipping in the treatment, the fruits were stored at 1 +
0.5 °C and 85-90% relative humidity.
Results: The results showed that tryptophan application, particularly
at a concentration of 2 mM, significantly increased proline content,
total soluble protein, peroxidase enzyme activity, DPPH radical
scavenging capacity, and total anthocyanins. These changes were
accompanied by the maintenance of acidity and titratable acidity,
controlled increases in total soluble solids and total soluble
carbohydrates, improvement in the flavor index, and reduced severity
of stem browning during the storage period.
Conclusion: In general, the findings indicated that tryptophan, by
strengthening the antioxidant system and reducing oxidative damage,
can be used as a natural bioactive substance for preserving the quality
and extending the postharvest shelf life of sweet cherry fruit under cold
storage conditions.
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NADPH/NADP* ratios, and activating the
antioxidant system (e.g., enhancing SOD, CAT,
and APX gene expression), thereby reducing ROS
accumulation, as demonstrated in strawberry
(Zhou et al., 2024). In ‘Le-Conte’ pear, preharvest
tryptophan treatment (100 ppm) improved fruit set,
yield, weight, skin color (L* and a"), total soluble
solids (TSS), total soluble carbohydrates, total
phenols, and total amino acid content (Khedr,
2018), and subsequently helped maintain TSS and
reduce quality loss during 12 weeks of cold storage
(Khedr, 2019). Despite promising results in various
fruits, information regarding the impact of
tryptophan on the physicochemical and
marketability attributes of sweet cherry remains
limited. Consequently, this study was designed to
evaluate the effect of different concentrations of
postharvest tryptophan application on maintaining
quality, delaying senescence, extending shelf life,
and enhancing the antioxidant system of ‘Tak
Daneh’ sweet cherries during cold storage.
Materials and Methods

Sweet cherry fruits (Prunus avium L. cv. ‘Tak
Daneh’) were harvested at commercial maturity on
June 21, 2023, from an orchard in Saqgez,
Kurdistan Province, Iran, and promptly transported
to the Postharvest Physiology Laboratory,
Department of Horticultural Sciences, University
of Zanjan. Fruits with uniform size and color and
free of visible defects were immersed for 20
minutes in tryptophan solutions at 0 (control), 0.5,
1, and 2 mM (Sigma Chemical Co.) containing
0.01% Tween-20 as a surfactant. The experiment
was conducted as a factorial arrangement based on
a completely randomized design (CRD) with three
replications per treatment combination. After air-
drying, fruits were placed in polyethylene
containers and stored at 1 + 0.5 °C and 85-90%
relative humidity. A comprehensive set of
postharvest quality and biochemical attributes was
evaluated after 0, 7, 14, 21, and 28 days of storage.
For assessments on days 7-28, fruits were
equilibrated at room temperature (20£1 °C) for 24
h before analysis to simulate market conditions.
Day-0 measurements were performed on three
freshly harvested, untreated fruits. The key quality
parameters were assessed using established
methods as follows: the stem browning index (SBI)
was determined using a visual scoring method
(Yang et al., 2019); stem chlorophyll content was
measured spectrophotometrically according to
Arnon (1967); total anthocyanin content (TAC)
was quantified using the pH-differential method
(Giusti and Wrolstad, 2001). Fruit color

Extended Abstract

Introduction

Sweet cherry (Prunus avium L.) is a popular stone
fruit globally, prized for its desirable flavor, high
nutritional value, and significant antioxidant
properties (Nava-Ochoa et al., 2025). As a non-
climacteric fruit with low ethylene production
during ripening, it is highly perishable and has a
short postharvest life (Blando and Oomah, 2019).
This fruit faces substantial postharvest challenges
due to its high respiration rate and susceptibility to
fungal decay, leading to rapid quality losses such
as reduced firmness, stem browning, and
undesirable changes in color, flavor, and
nutritional value during storage (Mujtaba et al.,
2023). In recent years, the use of bioactive
compounds to elicit defense responses has emerged
as a sustainable postharvest strategy. Amino acids
(AAs), as organic compounds and protein
precursors, act as biostimulants that enhance plant
metabolic efficiency and growth (Matysiak et al.,
2020; Trovato et al., 2021). By scavenging reactive
oxygen species (ROS) and maintaining cellular
integrity, they can reinforce plant defense systems
against environmental stresses. Among them,
tryptophan (B-indolyl alanine), an aromatic amino
acid biosynthesized via the shikimate pathway, has
found extensive applications in food, medical, and
agricultural industries (Xiao et al., 2023). In the
postharvest context, exogenous application or
endogenous accumulation of tryptophan has been
linked to reduced chilling injury and fungal decay,
delayed senescence, and quality preservation in
fruits. These beneficial effects are largely
attributed to its role as a precursor for key bioactive
molecules such as melatonin, serotonin, auxin, and
nicotinamide (NAD®), which are involved in
signaling regulation and strengthening plant
defense mechanisms (Yuxiao et al., 2023; Aghdam
and Arnao, 2024). Supporting evidence highlights
the efficacy of tryptophan in various fruits. For
example, a 100 pM tryptophan treatment in
strawberries and blueberries increased endogenous
melatonin and salicylic acid accumulation while
reducing ethylene and abscisic acid production,
thereby extending storability. Furthermore, by
supplying necessary nitrogen for cell wall
synthesis, tryptophan enhanced firmness in
cherries and raspberries by reinforcing pectin,
hemicellulose, and lignin structures (Arabia et al.,
2025). Previous studies indicate that postharvest
tryptophan application can preserve fruit quality by
upregulating phenolic biosynthesis genes (e.g.,
CHS and PAL), increasing NAD*/NADH and
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These biochemical adjustments contributed to the
preservation of key physicochemical and sensory
attributes, including pH, titratable acidity, total
soluble solids, flavor index, total soluble
carbohydrates, and a significantly reduced
incidence of stem browning. From a mechanistic
perspective, the observed enhancement in
antioxidant capacity and anthocyanin content can
be attributed to tryptophan's role as a precursor for
key signaling molecules. Tryptophan can enhance
endogenous melatonin synthesis by upregulating
genes such as TDC, T5H, SNAT, and ASMT
(Madebo et al.,, 2021; Sharafi et al., 2021).
Melatonin, a potent indoleamine with anti-
senescence properties, subsequently stimulates the
accumulation of phenolics, flavonoids, and
anthocyanins by  activating  phenylalanine
ammonia-lyase and chalcone synthase while
suppressing polyphenol oxidase (Sharafi et al.,
2021; Magri and Petriccione, 2022). Furthermore,
tryptophan may elevate anthocyanin levels by
upregulating key biosynthesis genes like DFR and
UFGT (Miranda et al., 2020; Zhou and Zhang,
2024). Concurrently, tryptophan is implicated in
stimulating endogenous salicylic acid (SA)
production (Arabia et al., 2025). SA enhances plant
tissue resistance by altering fruit physiology and
boosting secondary metabolites, which likely
contributed to delayed senescence and reduced
stem browning in treated fruits. Thus, the
combined action of tryptophan-derived melatonin
and SA, along with a direct boost to the enzymatic
antioxidant system (e.g., POD activity), effectively
mitigated oxidative stress, preserving the overall
quality and extending the marketable life of sweet
cherries during cold storage. Therefore, the
superior preservation of quality attributes in
tryptophan-treated 'Tak Daneh' cherries, as
evidenced by the biochemical and physical data,
can be mechanistically linked to this multifaceted,
elicitor-induced defense response.

Conclusion

Postharvest application of tryptophan at 2 mM is
an effective, natural strategy for maintaining
quality, extending shelf life, and enhancing the
antioxidant defense system in sweet cherry during
cold storage. This treatment mitigates oxidative
damage by elevating proline, soluble proteins,
peroxidase activity, and antioxidant and
anthocyanin  contents,  thereby  improving
biochemical resilience and marketability of ‘Tak
Daneh’ sweet cherry fruit.

coordinates (L*, a*, b*, C*, h’, AE) were obtained
using a digital colorimeter (Lutron RGB-1002)
with calculations based on standard formulas
(Shahabi-Ghahafarrokhi et al., 2015; Mujtaba et
al., 2023). Titratable acidity (TA), total soluble
solids (TSS), and pH were analyzed from fruit
juice, and the flavor index was calculated as the
TSS/TA ratio (Naser et al., 2018). Total soluble
carbohydrates (TSC) were assayed using the
anthrone method (Irigoyen et al., 1992). Proline
content was determined via the ninhydrin assay
(Sanchez et al., 2001). Total soluble protein (TSP)
was quantified using the Bradford method
(Bradford, 1976). Peroxidase (POD) activity was
measured by monitoring guaiacol oxidation (Zhang
et al., 2013). Total antioxidant capacity was
evaluated based on DPPH radical scavenging
activity (Dehghan and Khoshkam, 2012). Data
were analyzed using SPSS (version 26) software.
Analysis of variance (ANOVA) was performed,
and mean separation was carried out using
Duncan’s multiple range test at a significance level
of p < 0.05. Graphs were prepared with Microsoft
Excel 2019.

Results and Discussion

Analysis of variance (ANOVA) indicated that
tryptophan treatment, storage duration, and their
interaction significantly affected the stem
browning index and most colorimetric and
biochemical traits, including L", a", C, hue angle,
AE, anthocyanin content (TAC), stem chlorophyll
(TChl), pH, titratable acidity (TA), total soluble
solids (TSS), total soluble carbohydrates (TSC),
proline (Prol), total soluble protein (TSP),
peroxidase (POD) activity, and total antioxidant
capacity (p < 0.01). For the b™ coordinate, the main
effect of tryptophan treatment was not significant,
whereas both storage time and the treatment x
storage interaction had a highly significant effect
(p < 0.01). Moreover, the flavor index was
significantly influenced by the interaction between
tryptophan application and storage duration (p <
0.05). Consistent with these statistical findings,
postharvest application of tryptophan, particularly
at 2 mM, markedly strengthened the antioxidant
defense system and alleviated oxidative damage in
‘Tak Daneh’ sweet cherries during cold storage.
Fruits treated with 2 mM tryptophan exhibited
higher levels of proline, total soluble protein,
peroxidase activity, total antioxidant capacity, and
total soluble anthocyanins, indicating improved
metabolic adaptation to storage-induced stress.
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Table 1- ANOVA result for the effect of tryptophan post-harvest treatment on some traits of sweet
cherry fruit during storage at 1 + 0.5°C for 28 days.

(Mean Square)

Stem Stem Total
S.OV. DE br_owmng chlorophyll  anthocyanin L a b C h AE
index
Tryptophan(T) 3 1589.41* 0.129" 817.11™ 37.85™ 1453 056" 829"  603.06™ 21.66™
Time (T) 3 843.58"™ 0.007** 871.02" 18.08™ 25.58™ 5.06™  3.80" 144250™ 3.39™
TxT 9 60.71" 0.001** 45.38"™ 747 12.40™ 7,50 10.58™ 630.07"  3.38™
Error 34 2.02 0.0002 1.37 0.60 0.63 0.67 0.62 0.83 0.59
CV (%) 8.38 3.36 4.01 3.95 1842  16.06 11.26 1.79 5.88

***and ns significantly different at 1 %, 5% and no significant difference, respectively.

Table 2- ANOVA result for the effect of tryptophan post-harvest treatment on some traits of sweet
cherry fruit during storage at 1 + 0.5°C for 28 days.

(Mean Square)

Total
SOV DE pH Titratable ~ Total Total soluble  TSS/TA  Proline  soluble POD DPPH
T acidity soluble  carbohydrates protein
solids
Tryptophan(T) 3 0.406™  0.409™  17.84™ 44.52™ 250.88" 0.072"" 0.561™  7.50™  775.02"
Time (T) 3 0.664™ 0.186™ 7.56™ 40.39™ 6546  0.067 0.214™ 9.30"  358.86"
TxT 9 0102 0.014™ 0.24™ 0.73" 0.87" 0.007" 0.017" 112" 22.45™
Error 34 0.003 0.002 0.03 0.17 0.35 0.0004 0.001 0.01 0.40
CV (%) 1.02 3.84 1.08 3.26 3.85 11.80 1.37 3.85 0.78

** *and ns significantly different at 1 %, 5% and no significant difference, respectively.
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Table 3- The interaction effect of tryptophan post-harvest treatment x different storage times on
some traits of sweet cherry fruit during storage at 1 + 0.5°C for 28 days.

Stem Stem
Storage Trp browning chlorophyll
time (mM)  index (%) (mg g-1 L a" b* c” h’ AE
FW)
0 day — 0 0.64 26.33 14 11 17.81 39 0
0 20f 0.29 17.67f 4,67 cde 4,33 def 6.38 ©f 46 M 14,79 bed
7 days 0.5 6.67 i 0.40 o 20.33 b¢ 5 cde 5.33 bed 7.36 oF 47 9" 12,59 ohi
1 5k 0.45¢ 22672 2hi 6 abc 6.39 ©fg 71.33° 13.74 49
2 3.33k 0.58 @ 19.33 b 7.33% 6 abc 9522 39.331 11.371
0 33.33¢ 0.28 i 19 of 1.331 5.33 bed 5519 61.33°¢ 16.03 *
0.5 10" 0.39¢9 19.67 bed 3.67 ©f 78 7.94 bed 62° 13.32 ¢fo
14 days 1 8.33 M 0.44 23.33° 1.331 6 ¢ 6.15 77672 14.14 ¢t
2 5k 0.53° 231 2.33 o 5 cde 55279 65 ¢ 13.75 %9
0 38.33° 0.271 169 4 def 6.67 ® 7.79 > 59.67f 15.49 be
0.5 25¢ 0.36" 18.67 e 6 b 31 6.72 49 26! 14.08 ¢f
21 days 1 10" 0.41 ¢f 19 of 6 be 6 abc 8.54 abc 45 12.43 oni
2 6.67 i 0.49°¢ 22672 3 fon 2.339 3.89h 391 14.69 b
0 43332 0.261 18 ¢f 1.331 3.67 ©fg 3.92h 69°¢ 17.19°
0.5 30¢ 0.35" 16.33 9 7.33% 5.33 bed 9.09 @ 36.33 K 13.81 49
28 days 1 26.67 ¢ 0.41f9 18.67 e 82 3.33f9 8.70 ¢ 23m 12.86 fon
2 13.33¢ 0.48°¢ 20.67° 5.33 ¢ 6 3¢ 8.07 *d 48.339 11.89 M

Note: Data correspond to the means and different small letters in each parameter show significant difference using Duncan's
multiple range test.

Table 4- The interaction effect of tryptophan post-harvest treatment x different storage times on
some traits of sweet cherry fruit during storage at 1 + 0.5°C for 28 days.

Total Titratable Total soluble Total soluble
Storage Trp anthocyanin pH acidity solids carbohydrates TSSITA
time (mM) (mg100 g-1 (%) (% Brix) (mg g-1 FW)
FW)
0 day — 11.55 4.68 1.58 12.70 5.44 8.08

0 13.79' 4.80" 0.80" 15.93¢ 13.61 < 19.724
7 days 0.5 20.881 4.85 9" 1.19¢ 13.90¢ 10.42 i 11.63 1
1 22551 481" 1.27° 13.47"h 10.27 M 10.65 K

2 23711 481" 1472 12571 9.991 8.59!

0 16.17 5.02 ¢f 0.77 M 16.20° 14.15¢ 20.92°¢

0.5 26.26 " 4919 1.08 % 14.07 9 10.92 9" 13.011

14 days 1 30.139 4.85 9" 1,13« 13.63" 10.68 N 12,021
2 31.45T9 4.85 9" 1.16°¢ 12771 10.53 hi 10.97 %

0 18.02 % 5.54 b 0.731 16.23° 18.793 22.29b
0.5 32.77°¢f 5.04 de 0.97f 14.70°F 15.16 ° 15.13 9
21 days 1 34.30 ¢ 5.01 ¢f 1.02 ¢fo 14.60f 13.64 < 14.31 9"
2 35.74 ¢ 4.94 1.04 ¢f 14.179 13.10 % 13.58 i
0 20.99 1 5922 0.691 17.30% 1551°b 25.27¢
0.5 42.25°¢ 5.25¢ 0.96 ¢ 15534 12.60 ¢ 16.16¢
28 days 1 46.82° 5.07 d 0.99 fo 15.20¢ 12.20°f 15.41 ¢
2 51.652 5124 0.99 fo 14.80°f 11519 15.06 f

Note: Data correspond to the means and different small letters in each parameter show significant difference using Duncan's
multiple range test.
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Figure 1 - The effect of tryptophan
concentrations on (A) Proline concentration,
(B) Total soluble protein, (C) POD enzyme
activity, and (D) Total antioxidant capacity
of sweet cherry fruit during storage at 1 +
0.5°C for 28 days.
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