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Abstract: In recent years, hydrogen sulfide (H.S), as an emerging endogenous gas signal molecule after
nitric oxide (NO) and carbon monoxide (CO), has attracted more and more attention of researchers. In
people’s traditional concept, H.S is a colorless, highly corrosive gas with the smell of rotten eggs. How-
ever, researchers found that low concentrations of H.S have a positive effect in cells, studies have
shown that H,S has the functions of inducing seed germination, promoting the growth and development
of roots, stems, leaves and other organs, and enhancing resistance to biotic and abiotic stresses. In re-
cent years, there have been many researches on the preservation and disease resistance of fruits and veg-
etables, which started with Hu’s research on strawberries in 2012, and then applied to various fruits and
vegetables, and attracted wide attention from scholars in postharvest physiology of fruits and vegeta-
bles. As a signal molecule, the application concentration of exogenous H.S is very low, so the treated
fruit and vegetable products are safe. Some studies have shown that the exogenous H.S treatment plays
a positive role in the preservation of postharvest fruits and vegetables like kiwifruit, mulberry, banana,
sweet cherry, hawthorn fruit, strawberry, litchi, broccoli, daylily flower, pak choy, sweet potato, pear, lo-
tus root, apple and so on. During postharvest storage, fruits and vegetables will be affected by fruit soft-
ening, decay, and pathogen infection, which will lead to the decline of fruit quality and shortening of
shelf life. The latest research showed that H.S treatment could significantly delay fruit ripening and se-

nescence. The quality of postharvest fruits and vegetables is reflected by color, firmness, soluble solid
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content (SSC), titratable acid (TA) and vitamin C (Vc) content. Some studies have shown that exoge-
nous H,S treatment could maintain the SSC, Ve and chlorophyll content, and inhibit the decrease of
firmness. From the perspective of postharvest physiology, the researchers elaborated the role of H.S in
the process of fruits and vegetables metabolism, and discussed the regulation mechanisms of H.S on
postharvest fruits and vegetables preservation from the aspects of respiration, energy metabolism, plant
hormones, active oxygen system. At the same time, exogenous H,S treatment could also regulate the
postharvest physiology of fruits and vegetables by affecting gene expression, signal transduction and
protein modification. The main enzymes related to energy metabolism are ATPase, succinate dehydroge-
nase (SDH) and cytochrome ¢ oxidase (CCO). Through the regulation of these enzymes’ activities, H.S
treatment could affect the energy metabolism of cells and delay fruit senescence. Ethylene as an impor-
tant plant endogenous hormone plays important roles in a multitude of physiologic processes, including
growth, development, maturation, and senescence. Studies have shown that H,S treatment could inhibit
ethylene biosynthesis by suppressing the gene expression of key enzymes including ACC synthase
(ACS) and ACC oxidase (ACO) thus slow down the ripening and senescence of postharvest fruits and
vegetables. Antioxidant system in plants could keep a delicate balance between reactive oxygen species
(ROS) production and scavenging, thereby maintain ROS at a non-toxic level. Exogenous H.S treat-
ment could delay senescence of postharvest fruits and vegetables by regulating the activities of antioxi-
dant enzymes such as superoxide dismutase (SOD), peroxidase (POD), catalase (CAT), ascorbic acid
peroxidase (APX) and glutathione reductase (GR). Reduced glutathione (GSH) and ascorbic acid (AsA)
are important non-enzymatic substances for scavenging ROS, which directly or indirectly quench high-
ly active oxygen free radicals through a variety of ways. Exogenous H.,S treatment reduced the loss of
non-enzymatic antioxidants and the damage of reactive oxygen species to postharvest fruits and vegeta-
bles. Softening is a typical characteristic of fruit ripening and senescence, so maintaining high firmness
or reducing softening degree is one of the main goals to prolong the storage life of postharvest fruits
and vegetables. The degradation of cell wall has a great influence on fruit ripening and softening. H.S
not only participates in the endogenous sulfur metabolism of plants, but also interacts with other signal
molecules like Ca’*, nitric oxide (NO), carbon monoxide (CO), salicylic acid (SA) and jasmonic acid
(JA). It is also related to protein sulfhydrylation modification, but the related mechanism is not clear
and needs further study. In this paper, the effects of H.S on the preservation and disease resistance of
fruits and vegetables, as well as its regulation mechanism on the ripening and senescence of fruits and
vegetables were summarized. Combined with the latest research progress at home and abroad and our
own research work, the mechanism of H,S regulation on the ripening and senescence of postharvest
fruits and vegetables was summarized, to provide reference for further study of H.S. In the future, we
suggest to focus on the interaction of endogenous H.S with other signal molecules on the postharvest
preservation and disease prevention mechanisms of fruits and vegetables. As a relatively new field of
plant metabolism, protein disulfide (Cys-SSH) needs further exploration in the metabolic pathway of
postharvest fruits and vegetables.
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Table 1 Effect of H.S on preservation of postharvest fruits and vegetables

RiEFhE

5% AT 7 (REDHR
Classification 22¢ ®' ™IS Tyeqtment method Preservation effect
and vegetables
KE RIS 15.30.45.90.180 F1 1000 umol - L™ i) HLS VAR HHIRIE 4 KR i BRI A8 IR A4 22 32 C & i, 07 17 S AN
Fruits Kiwifruit Dipping into 15+ 30+ 45,90+ 180 and 1000 umol - L' i [ FAAK
H.S solution Maintained higher titratable acid (TA) and Vitamin C, inhib-
ited the decrease in chlorophyll content and firmness
S 0.0.4.0.8 Cfe 2 1.2 1 1.6 mmol - L' NaHS ¥ 0B 10 25 I 2% 5 FL 1) FUGE I , P IRV IR 5 B 1A €01 555
Mulberry JCEA HaS A HEAT 7 ®
Fumigation with H,S gas released from NaHS solutions  Significantly slow down the ripening rate of mulberry fruit
0f 0.0.4.0.8 Coptimum) 1.2 and 1.6 mmol-L" and reduce the respiratory intensity and anthocyanin content
A 0.1.0.3.0.5(f1£)0.7 71 1.0 mmol - L' (¥] NaHS FURE  UREFAL i 1970 BE A0 IR R B8 S
Banana TR HoS SR B 25 Maintained higher values of lightness and peel firmness
Fumigation with H.S gas released from NaHS solutions
0f 0.1.0.3.0.5(optimum)~0.7 and 1.0 mmol-L"
FITE RS 0.8 1 1.6 mmol - L™ (¥ NaHS VAU U HaS U JEZE A5 500 (¥ Bl B2 NS AR O Wi 2, I S5 o) 2540 8 LIS
Sweet cherry ~ Fumigation with H.S gas released from NaHS solutions = F1 &l ) & 4=
of 0.8 and 1.6 mmol - L" Maintained greater firmness and lower respiration rate, sig-
nificantly suppressed stem browning, decay, and pitting in-
cidences
1™ 0.5\1.1.5 13 mmol - L' 1) NaHS ¥ BRI HLS Ak CRFFIR ) 5 8 1 70 ¥ il 3 18] SR 5 77 T R
Hawthorn R Maintained membrane integrity, preserve nutritional quality

Fumigation with H.S gas released from NaHS solutions
0f 0.5.1.1.5 and 3 mmol-L"

during cold storage
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Table 1 continued
—’Z % NN LYY
g REMR [REDE
Classification 7P Treatment method Preservation effect
and vegetables
FLRE 0.4.0.8.1.6 fl13.2 mmol - L' [y NaHS ¥R U HaS  ORIFI 1 1 SR S B2 CFF) AT 33 72 R (TAD 5 & AR
Strawberry ST R T
Fumigation with H.S gas released from NaHS solutions Maintained higher fruit firmness (FF) and titratable acidity
0f0.4.0.8.1.6 and 3.2 mmol - L" (TA) as well as lower decay
M FEFLZE N A 1AT2 mmol - L ) NaHS ¥l 2 3 PR T KRR B e
Litchi Infiltration with NaHS solutions (1 and 2 mmol-L") un-  Significantly reduced weight loss and pericarp browning
der vacuum (0.01 MPa)
fi2 [ 0.0.4.0.8.1.2.1.6.2.2.4.2.8 f13.2 mmol - L" [y NaHS  JiIF K )5 s AL A SRR 3
Vegetables ~ Broccoli TR HaS SR L 7% Alleviates the postharvest yellowing and rotting rate
Fumigation with H.S gas released from NaHS solutions
0f0.0.4.0.8.1.2.1.6.2.2.4.2.8 and 3.2 mmol-L"
AL 0.0.8+1.6.2.4.3.2.4.0.4.8 1 5.6 mmol - L' [y NaHS ¥ 4 RFfig mRAS , PRARIT IR A5
Daylily OREAL HoS SR T 7% Sustained the energy status, and decreased the respiration
flower Fumigation with H,S gas released from NaHS solutions rate
0f0.0.8.1.6.2.4.3.2.4.0.4.8 and 5.6 mmol - L"
ISP 050100 #1250 pL- L ) H,S S, 44 7% U] 3 €0 450 SR R IR A
Pak choy Fumigation with 050,100,250 puL-L" H.S gas Inhibited the loss of green color and respiration
BYVRE EUIHE™ 0.0.5.1.0.1.5.2.0.2.5 mmol - L' 1 NaHS VBRI (RFFE e M3 M AT A 2B i e 2 A 1
Fresh-cut  Fresh-cut H.S AR E 7% Maintained significantly higher levels of reducing sugar, ef-
fruits and Sweetpotato  Fumigation with H.S gas released from NaHS solutions fectively alleviated the senescence and decay
vegetables 0f0.0.5.1.0~1.5.2.0.2.5 mmol - L"
BEDIZLY 0,0.5.1.0.1.5.2.0.2.5.3 13,5 mmol- L' [ NaHS AL (e 20K T 038 SRR AT VA B8 058, A SR S R
Fresh-cut TR HaoS AR 2K FZ
pears Fumigation with H.S gas released from NaHS solutions Maintained higher levels of reducing sugar and soluble pro-
0f0.0.5.1.0.1.5.2.0.2.5.3 and 3.5 mmol-L" tein, reduced the rot index

BETE RS

0.1015.20 pL- L") H.S AR HE 7%

Fresh-cut Fumigation with 0.10.15.20 uL-L" H.S gas

lotus root

BETISEH 0.0.210.4.0.6.0.8 F1 1.0 mmol - L' 1) NaHS ¥ 1B il

Fresh-cut M H,S UM B 2%

apple Fumigation with H.S gas released from NaHS solutions
0f0.0.2.0.4.0.6.0.8 and 1.0 mmol-L"

N AR L N =

Significantly inhibited the increase of browning degree

5 14578 T & R 30 SRR A 1 2 1 e 3
i

Protection against browning, senescence and rot, reducing
sugar content and soluble protein

content continually decreased
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Fig. 1 Source and mechanism of endogenous H.S
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