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    Chapter 3   
 Hydrogen Sulfi de       

       A.  E.     Quirós-Sauceda     ,     G.  R.     Velderrain-Rodríguez     ,     M.     Ovando-Martínez     , 
    M.  G.     Goñi     ,     G.  A.     González-Aguilar     , and     J.  F.     Ayala-Zavala    

          Hydrogen Sulfi de General Description 

 Hydrogen sulfi de (H 2 S) is a colorless, fl ammable, extremely hazardous gas with a 
strong odor of “   rotten egg” that can be smelt at levels of 0.02 μl L −1  and higher 
(Fig.  3.1 ) (Lloyd  2006 ; Beauchamp et al.  1984 ). H 2 S toxicity has been substantiated 
for almost 300 years due to its implication in several mass extinctions, including one 
at the end of the Permian period that wiped out more than three-quarters of all spe-
cies on Earth (Kump et al.  2005 ; Erwin  1993 ). However, more recently, H 2 S has been 
added to nitric oxide (NO) and carbon monoxide (CO) as a newly categorized group 
of biologically active gases termed gasotransmitters and gasomediators, due to its 
capacity to control a range of physiological responses in animals (Wang  2003 ; 
Mancardi et al.  2009 ). Many studies have revealed that H 2 S in low concentrations 
can act as a signaling molecule in animals, and participate in various biological pro-
cesses, such as smooth muscle, relaxation, brain development, blood pressure, and 
infl ammation (Chen et al.  2011 ). Therefore, it is reasonable to suspect that this gas 
molecule has a similar role in plants and can affect a range of their physiological 
responses and could be used to control postharvest plant function (Zhang et al.  2010 ).
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   H 2 S is synthesized in mammalian tissues via endogenous enzymes and  by   non-
enzymatic pathways (e.g., reduction of thiols and thiol-containing molecules) (Li 
et al.  2011 ). Moreover, there is evidence that H 2 S in plants is released from cysteine 
via reversible  O -acetylserine (thiol)lyase (OAS-TL) reaction, catalyzed by several 
 L - and  D -cysteine-specifi c desulfhydrase candidates.  L -Cystathionine specifi cally 
metabolized  L -cysteine to produce H 2 S, pyruvate, and ammonium, while 
 D- CYSTATHIONINE  only decomposes  D -cysteine and produces H 2 S (Fig.  3.2 ) (Wirtz 
et al.  2004 ; Chen et al.  2011 ). Although the biochemical properties of the H 2 S make 
it diffi cult to study, this gas can be measured in biological systems using a method 
based on the formation of methylene blue from sulfi de and  N , N -dimethyl-p- 
phenylenediamine in the presence of Fe 3+  and its spectrophotometric detection at 
675 nm (Hancock et al.  2012 ). Also, other methods include the use of gas chroma-
tography which assess the release of H 2 S and the use of fl uorescent probes for the 
gas ( Liu et al. 2011a ; Sasakura et al.  2011 ). Such and other similar assays can be 
applied to detect H 2 S in plants and their environments.

  Fig. 3.1    Hydrogen sulfi de 
chemical structure       

  Fig. 3.2    Hydrogen sulfi de metabolism in plants       
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       Hydrogen Sulfi de in Plants 

 H 2 S is often thought to be a phytotoxin, being harmful to  the   growth and develop-
ment of plants. However, there is accumulating evidence that H 2 S also could act as 
a gaseous regulator in plants. For example, 35 years ago it was found to inhibit 
oxygen release from young seedling of six rice cultivars. Likewise, in some culti-
vars of rice, nutrient uptake was also reduced, while in others it was increased. 
Phosphorous uptake was also inhibited in this plant species (Joshi et al.  1975 ). Also, 
 a   constant fumigation of H 2 S (3000 parts per billion) caused lesions on leaves, defo-
liation, and reduced growth of  Medicago , grapes, lettuce, sugars beets, and pine. 
Interestingly, lower levels of fumigation (100 part per billion) caused a signifi cant 
increase in the growth of  Medicago , lettuce, and sugar beet (Thompson and Kats 
 1978 ). More recently, a study showed that the H 2 S donor NaSH would alleviate the 
osmotic-induced decrease in chlorophyll concentration in sweet potato. Furthermore, 
spraying NaSH increased the activity of the antioxidant enzymes superoxide dis-
mutase, catalase, and ascorbate peroxidase while decreasing the concentration of 
reactive oxygen species (ROS) such as hydrogen peroxide and lipoxygenase (Zhang 
et al.  2009 ). These results clearly suggested that H 2 S can have intracellular effects 
which impinge on cell signaling events in the plant cells. 

 For H 2 S to have an effect on plants cells, it has to be present and in a high enough 
concentration. There are two main sources of H 2 S to which a plant cell may wish to 
respond: from  the   environment or from within (Fig.  3.3 ). The aerial parts and roots 
of plants may be often exposed to atmospheric H 2 S because it is commonly emitted 

  Fig. 3.3    Hydrogen sulfi de sources       
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from many natural and man-made sources. Natural sources of H 2 S include the dis-
charge from volcanoes, coastal marine sediments, or anoxic soils such as found in 
marshland (Aiuppa et al.  2005 ; Hansen et al.  1978 ; Morse et al.  1987 ). Man-made 
sources of this gas are also common, and include waste treatment installations, agri-
cultural industries, and geothermal power plants. It has also been found to be at 
surprisingly high concentrations in some urban environments with car catalytic con-
verters, being suggested as a potential source (Zhang et al.  2008 ; Aneja et al.  2008 ; 
Bacci et al.  2000 ). However, the fact that plants respond to such exogenous 
sources  of   H 2 S does not necessarily indicate that it has a signaling role. Often, the 
responses of the plants are associated to toxic levels of these compounds. After all, 
it is because of its phytotoxic effects at high levels that H 2 S has become well known.

   Some authors reported that to truly be  a   cell signaling molecule, H 2 S must be 
generated by plant cells. Many species of plant have been found to generate H 2 S 
using a light-dependent activity and includes cucumber, squash, pumpkin, soybean, 
and cotton, among other plants (Wilson et al.  1978 ). Intracellular sources of H 2 S 
would include the production by enzymatic mechanisms. As mentioned before, it 
appears that the enzymes responsible for H 2 S in plants are desulfhydrases. A plastid 
located cysteine desulfhydrase has been reported in  Arabidopsis , while others report 
the presence of a similar enzyme in the mitochondria (Léon et al.  2002 ; 
Riemenschneider et al.  2005 ). However, activities of such enzymes are not static 
and have been shown to change after some circumstances, for example, pathogen 
challenge (Bloem et al.  2004 ). This would be expected if the enzymes are to per-
form a role in the creation of a molecule which is to act as a signal. Other enzymes 
have also been proposed as being able to generate H 2 S too, and includes  D -cysteine 
desulfhydrase that produces pyruvate, ammonia, and H 2 S, and an enzyme involved 
in cyanide metabolism, β-cyanoalanine synthase, which converts cysteine and cya-
nide to  β -cyanoalanine and H 2 S (Papenbrock et al.  2007 ; García et al.  2010 ). 

 Bacteria have been shown to generate H 2 S too.    Microorganisms that are invading 
plants, such as pathogenic bacteria, may be able to release H 2 S, which will then 
affect the activities of the plant. Recently, Bloem et al. ( 2012 ) reported that H 2 S 
emissions were assessed in oilseed rape ( Brassica napus  L.) and after fungal infec-
tion with  Sclerotinia sclerotiorum . It was found that infection caused a signifi cant 
rise in H 2 S release, but they also reported that under different conditions, depending 
on the air concentration and the sulfur demand of the plant that H 2 S was sometimes 
taken up and not released. This may suggest that H 2 S is important for sulfur metabo-
lism rather than acting solely as a signal.  

    Hydrogen Sulfi de as Regulator of Plant 
Physiological Processes 

  Plant   physiology is concerned with the fundamental processes of plants, its  survival, 
metabolic activities, water relations, mineral nutrition, development, movement, 
irritability, organization, growth, and transport processes (Nilsen and Orcutt  1996 ). 

A.E. Quirós-Sauceda et al.



41

Likewise, a lot of physiological processes of plants are regulated by interactions 
among different plant growth molecules due to plant cells are able to sense and 
respond to a wide range of external and internal signals. Plant regulators are consid-
ered organic compounds, other than nutrients, which in small amounts promote, 
inhibit, or otherwise affect the physiological processes of plants (Moore  1979 ). 

 Although at present there is no direct evidence that H 2 S acts as an endogenous 
regulator or signal molecule in plants, the induction of  L -cysteine desulfhydrase 
upon pathogen attack, emission of H 2 S from plants exposed to SO 2  injury, abiotic 
stress tolerance in plants supplied with endogenous H 2 S donor, and its involvement 
in guard cell signaling and root organogenesis, all suggest that this is indeed the 
case (Hällgren and Fredriksson  1982 ; Bloem et al.  2004 ; García‐Mata and Lamattina 
 2010 ). Moreover, it is now known that H 2 S causes inhibition of photosynthesis at 
high concentrations and that it can decrease the time to germination, but also 
increases the resilience to drought and heavy metal toxicity (Lisjak et al.  2011 ; 
Chen et al.  2011 ; Oren et al.  1979 ; Dooley et al.  2013 ). Recent emerging evidence 
has also suggested a possible signaling role for stomatal apertures, and in promoting 
chloroplast biogenesis (Hancock et al.  2012 ; García-Mata and Lamattina  2010 ; 
Chen et al.  2011 ). In this sense, several  research   groups are now focusing on H 2 S 
and its role as a signal in plants (Table  3.1 ).

      Mediator of Stomatal Movements 

 Stomata are by far the  most   infl uential components in gas exchange and their move-
ments control transpiration. Consequently, stomata are important regulators of plant 
growth and development ( Liu et al. 2011b ). Although previous studies have shown 
stomata respond to a variety of environmental stresses, such as drought, cold, high 
CO 2  concentration, and phytohormone, little is known about the signal transduction 
mechanisms that function in guard cells. The effects of H 2 S as a newly identifi ed 
signal molecule on regulation of stomatal aperture have been recently emerging. 

   Table 3.1    Effects of hydrogen sulfi de in plant physiological processes   

 Positive effects  Negative effects 

 • Increase antioxidant activity of enzymes 
 • Abiotic stress tolerance 
 • Root organogenesis 
 • Resistance to drought and heavy metal 

toxicity 
 • Stomatal aperture 
 • Promote chloroplast biogenesis 
 • Alleviates oxidative damage against 

osmotic stress 
 • Promote seed germination 

 • Leaves’ lesions, defoliation, and reduced 
growth 

 • Decrease chlorophyll concentration 
 • Inhibition of photosynthesis 
 • Decrease germination time 
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 Liu et al. ( 2011b ) reported that H 2 S and NO are involved in the signal transduc-
tion pathway of ethylene-induced stomatal closure, and that in  Arabidopsis , H 2 S 
may represent a novel downstream indicator of NO during ethylene-induced stoma-
tal movement. Other studies have taken advantage of the use of H 2 S donors. The 
most used donor is the compound sodium hydrosulfi de (NaSH) which will dissoci-
ate rapidly to generate a very short burst of H 2 S. However, H 2 S can be relatively 
high if high concentrations of NaSH are used. Lisjak et al. ( 2011 ) showed a H2S- 
mediated stomatal opening in  Arabidopsis . This was seen in plants treated with both 
NaSH, giving a relatively short burst of H 2 S, or with GYY4137 (a forerunner) giv-
ing a longer more prolonged exposure to H 2 S. With leaves which had not been pre- 
opened in the light, the effects of both NaSH and GYY4137 were larger. This work 
was repeated in  Capsicum annuum  and similar opening was induced by the treat-
ment with both H 2 S donors. Other work has shown that stomatal conductance was 
increased by carbonyl sulfi de (COS) and it was suggested that H 2 S mediates this 
effect which produced from COS hydrolysis. However, clearly further work is 
required (Stimler et al.  2010 ). 

 On  the   other hand, García-Mata and Lamattina ( 2010 ) reported a different effect 
of H 2 S on stomatal movements. They found that exogenous H 2 S induces stomatal 
closure and this effect is impaired by (1) the ATP-binding cassette (ABC) trans-
porter inhibitor glibenclamide; (2) scavenging H 2 S or inhibition of the enzyme 
responsible for endogenous H 2 S synthesis partially blocks ABA-dependent stoma-
tal closure; and (3) H 2 S treatment increases relative water content and protects 
plants against drought stress. In conclusion, their results indicate that H 2 S induces 
stomatal closure and participates in ABA-dependent signaling, possibly through the 
regulation of ABC transporters  in   guard cells. Jin et al. ( 2011 ) showed similar 
results, where exogenous H 2 S released by its donors induced stomatal closure in 
 Arabidopsis . Also, Hou et al. ( 2013 ) suggest that the enzyme  D -/ L -cysteine desulf-
hydrase that generated H 2 S is involved in the regulation of ethylene-induced stoma-
tal closure in  Arabidopsis .  

    Regulation of Senescence 

 Plant  senescence   is considered as a highly regulated physiological process that 
leads to plant death (Thomas et al.  2003 ). Accumulating evidence shows that H 2 S 
plays various physiological roles in plants, such as senescence of cut fl owers. Zhang 
et al. ( 2011 ) reported that H 2 S was found to delay fl ower opening and senescence in 
various cut fl owers and branches. Cut explants of these plants were cultured in solu-
tion containing different concentrations of the H 2 S donor, NaHS. H 2 S donor treat-
ment prolonged the vase time of cut fl owers and prevented senescence in a 
dose-dependent manner. Also, they measured the levels of malondialdehyde (MDA) 
as an indicator of oxidative damage to cells and showed that it was inversely related 
to endogenous H 2 S concentration in explants. Flowers that had senesced showed 
higher levels of MDA and lower amounts of H 2 S. Furthermore, NaHS treatment 
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increased the activities of catalase, superoxide dismutase, ascorbate peroxidase, and 
guaiacol peroxidase, and sustained much lower levels of H 2 O 2  and O 2  −  in cut fl ow-
ers. In conclusion, the study implies that H 2 S is involved in improving longevity of 
cut fl owers and functions in activity of antioxidant enzymes in plants. 

 Moreover, H 2 S participation in the regulation of ripening and senescence in post-
harvest fruits remains unknown. A study investigated the effect of H 2 S on posthar-
vest shelf life and antioxidant metabolism in strawberry fruits. Fumigation with H 2 S 
gas released from the H 2 S donor NaHS prolonged postharvest shelf life of  strawberry 
fruits in a dose-dependent manner. Strawberry fruits fumigated with various con-
centrations of H 2 S sustained signifi cantly lower rot index and higher fruit fi rmness, 
and kept lower respiration intensity and polygalacturonase activities than controls. 
Further investigation showed that H 2 S treatment maintained higher activities of 
catalase, guaiacol peroxidase, ascorbate peroxidase, and glutathione reductase and 
lower activities of lipoxygenase relative to untreated controls.  H 2 S   also reduced 
malondialdehyde, hydrogen peroxidase, and superoxide anion to levels below con-
trol fruits during storage. Moreover, H 2 S treatment maintained higher contents of 
reducing sugars, soluble proteins, free amino acid, and endogenous H 2 S in fruits. 
These data indicated that H 2 S plays an antioxidative role in prolonging postharvest 
shelf life and senescence of strawberry fruits (Hu et al.  2012 ).  

    Photosynthetic Response 

 It is well known that  the   increase in photosynthesis can be achieved by enhancing 
the activity  of   ribulose-1, 5-bisphosphate carboxylase (RuBISCO) (Krantev et al. 
 2008 ). Changes in RuBISCO synthesis have been primarily explained by changes in 
transcript abundance of its genes in response to various external and/or internal 
signals (Nishimura et al.  2008 ; Suzuki et al.  2010 ). In addition, the oxidation of 
glycolate to glyoxylate in higher plants is catalyzed by glycolate oxidase, which is 
located in the peroxisomes and performs an essential role in the oxidative photores-
piration cycle accompanying photosynthetic CO 2  assimilation (Zelitch et al.  2009 ). 
Meanwhile, photorespiration also involves a cooperative interaction among 
enzymes localized in chloroplasts, mitochondria, and peroxisomes, and is per-
formed by the glycolate pathway (Yamaguchi and Nishimura  2000 ). A previous 
study showed the effect of H 2 S as a biologically active gas on photosynthesis, it was 
reported that excess sulfi de (1 mM) resulted in inhibition of photosystem II (PSII) 
in cyanobacteria and tobacco chloroplasts (Oren et al.  1979 ) and that a high sulfi de 
concentration (2 mM) depressed the growth and photosynthesis in a mangrove plant 
(Lin and Sternberg  1992 ). However, it is not clear whether a low concentration of 
H 2 S is involved in regulation of photosynthesis in plants. 

 Chen et al. ( 2011 ) used  a   NaHS as a donor of H 2 S to understand further the roles 
of this gas in physiological processes of photosynthesis and grana lamella formation 
in  S. oleracea . The results indicated that photosynthesis, RuBISCO, OAS-TL, and 
 L -cysteine desulfhydrase activities and other photosynthetic characteristics were 
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altered by exogenous application of a low concentration of NaHS. The number of 
grana lamellae stacking into functional chloroplasts was also increased markedly. 
Furthermore, it was demonstrated that seedlings treated with 100 μM NaHS 
increased the expression of RuBISCO genes but signifi cantly decreased the gene 
expression of glycolate oxidase and cytochrome oxidase. They concluded that H 2 S 
acts as a signaling molecule that participates in enhancing photosynthesis and chlo-
roplast development during  S. oleracea  growth. 

 On the other hand, highly  reducing   sediments are prevalent in sea grass environ-
ments. Under anoxic conditions, H 2 S can accumulate as an end product of anaerobic 
respiration at levels which may be toxic to halophytes. The photosynthetic response 
of  Zostera marina  L. (eelgrass) to manipulations in sediment sulfi de concentration 
and light regimes was examined by Goodman et al. ( 1995 ). Sediment sulfi de levels 
were enriched using Na 2 S and lowered using FeSO 4 . Photosynthesis vs. irradiance 
relationships were determined experimentally at ten light levels throughout the 21 
day experiment. Photoadaptation was detected in response to the previous 4-day 
light history of the plants, as maximum photosynthesis decreased in response to 
lower daily light levels. Negative impacts of sulfi de on eelgrass in this study were 
observed, increases in the light intensity at which gross photosynthesis equals res-
piration, and decreases in the initial slope of the photosynthesis-irradiance curve. 
The effects of eutrophication through reduced light and increased sediment sulfi de 
were additive. Elevated sediment sulfi de levels may contribute to sea grass loss in 
stressed areas as the potential for utilization of available light is reduced.   

    Pre- and Postharvest Applications of Hydrogen Sulfi de 

 Due to the abovementioned roles that H 2 S plays in various physiological roles in 
plants, new studies are trying to apply this chemical as a  novel   pre- and postharvest 
technology applied in fresh produce to control their physiological processes. Its 
application in fresh produce could be through H 2 S donors, such as NaHS, or satu-
rated solutions obtained by passing H 2 S gas into carbon dioxide-free water (Zhu 
et al.  2014 ; Li et al.  2012 ). However, both H 2 S application methods obtain similar 
results as it is reported by several studies. For example, Hu et al. ( 2014a ) stated that 
when H 2 S is applied to mulberry fruits using an aqueous solution of NaHS, it could 
result in a decrease in the ripening rate as well as a lowering in the respiration inten-
sity and anthocyanin content. Likewise, Zhu et al. ( 2014 ) applied H 2 S  in   kiwifruits 
by dipping them in gas-saturated water solutions. They found that some antioxidant- 
related enzymes, such as CAT, SOD, APX, and POD signifi cantly increased after 
H 2 S treatment, delaying its senescence. 

 This small gas, along with others such as carbon monoxide (CO) and nitric oxide 
(NO), has been target of novel research projects with the purpose of developing new 
postharvest technologies (Abdollahi et al.  2013 ; Li et al.  2014 ; Fu et al.  2014 ). 
Some of the oldest pesticides, such as calcium polysulfi de, can release H 2 S, espe-
cially when the pesticide solution is acidifi ed (Smilanick and Sorenson  2001 ). The 
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knowledge provided by the elucidation of role of H 2 S in the above mentioned physi-
ological responses “stomatal movements” and “photosynthetic responses,” is essen-
tial to the novel technologies applied to alleviate abiotic types of stress and provide 
tolerance in plants (Shi et al.  2013 ). For example, Zhang et al. ( 2009 ) found that the 
application of NaHS as H 2 S donor can alleviate osmotic stress and prevent chloro-
phyll losses in seedling leaves of sweet potato ( Ipomoea batatas ). However, and 
excessive air exposure to H 2 S (3000 parts per billion) could result in leaves lesions, 
defoliation, and reduced growth of plants (Li et al.  2013 ). Moreover, at  proper  con-
centrations, H 2 S could act as a powerful preharvest technology alleviating even root 
tip death in pea seedlings induced by fl ooding of soils (Cheng et al.  2013 ). 

 On the other hand, H 2 S can also  be   successfully applied as postharvest technol-
ogy to preserve fresh produce. In this context, a recent study suggested that the 
application of aqueous solutions of NaHS (0.5–2.5 mM) releases about 0.05–0.5 
ppm of H 2 S gas in a sealed container, which was enough to prolong the storage of 
pears at 20 °C (Hu et al.  2014b ). Moreover, Zhu et al. ( 2014 ) found that treatments 
with 45 and 90 H 2 S, applied as a saturated aqueous solution, could delay maturation 
and senescence of kiwifruits and maintain higher quality attributes. These results 
suggest that H 2 S could be applied as pre- and postharvest technology to plants and 
their fruits, either if they are climacteric or non-climacteric fruits.  

    Shelf Life Prolongation of Food Products 

 The shelf life of fresh produce is one of the  most   important objectives of food indus-
try and many research groups around the world. In that sense, the application of 
natural compounds as technology to preserve foods has been suggested by several 
authors (González-Aguilar et al.  2010 ; Mastromatteo et al.  2010 ; Juneja et al.  2012 ). 
Applications of H 2 S to fresh produce reduce the damage of ROS by upregulating 
antioxidant enzymes (Zhu et al.  2014 ). According to Hu et al. ( 2012 ), strawberry 
fruits fumigated with H 2 S maintained higher contents of reducing sugars, soluble 
proteins, free amino acids, and endogenous H 2 S due to the antioxidative role in the 
postharvest life of this fruits. The same protective effect was observed by Hu et al. 
( 2014a ) in a study where they applied NaSH as H 2 S donor to mulberry fruits result-
ing in an enhancement of antioxidant enzyme activity. Likewise, Fu et al. ( 2014 ) 
suggested that besides the enhancement in the antioxidant enzyme activity in fruits 
after treatment, H 2 S acts also as an antifungal agent inhibiting the growth of 
 Saccharomyces cerevisiae ,  Rhizopus oryzae ,  Candida albicans , and several food- 
borne bacteria. 

 Hu et al. ( 2014b ) reported  similar   inhibition of pathogens  Aspergillus niger  and 
 Penicillium expansum  in pear fruits after fumigation with H 2 S. These antimicrobial 
and antifungal properties are similar to those reported to NO, which has shown 
growth inhibition of  Aspergillus niger ,  Monilinia fructicola ,  Penicillium italicum , 
and  Rhizopus nigricans  (Manjunatha et al.  2010 ). As both gases have similar chemi-
cal properties, both enhance antioxidant enzyme activity, inhibit pathogens, and 
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also protect fresh produce against chilling injury (Luo et al.  2015 ; Zaharah and 
Singh  2011 ) as well as remarkable benefi ts to the enhancement of fresh produce 
when applied, both could be applied in combination to achieve a cooperative effect 
in the shelf life extension of food products. For example, Chang et al. ( 2014 ) 
observed that there was a greater effect prolonging the postharvest shelf life of 
strawberry fruit combining H 2 S and NO than that effect observed when used sepa-
rately (Fig.  3.4 ).

       Conclusions and Future Trends 

 So far, the role of H 2 S molecules has been underestimated because this was consid-
ered an undesirable phytotoxin which causes deleterious effects on plant growth. 
However, it has been demonstrated through diverse research projects that, in proper 
amounts, H 2 S could perform signaling functions that drive or enhance physiological 
responses in plant tissues. These recent breakthroughs over the truly effects of H 2 S 
are leading to the development of novel technologies to preserve or enhance diverse 
quality attributes in plant tissues, or as well directly over fresh produce prolonging 
its postharvest shelf life storage. Likewise, besides the prevention of spoilage 
microorganism growth, the effect of H 2 S as a signaling molecule triggers a series of 
events that induce and enhance the activity of antioxidant enzymes which may 
result in an added value to the plant tissue of food product treated.

•    The studies about the synergistic effects of H 2 S with other gases or signaling 
molecules are scarce and should be addressed in order to properly understand 
how H 2 S could interact with other natural molecules and its biological effect.  

  Fig. 3.4    Benefi ts of hydrogen sulfi de application to postharvest shelf life of fruits       
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•   There’s a lack of studies that evaluate the effect over fi rmness and color and 
bioactive compound content changes after H 2 S treatments.  

•   Further studies should be addressing the use of H 2 S molecules in emergent tech-
nologies such as MAP or active packaging to prolong shelf life of either climac-
teric or non-climacteric fruits and vegetables.      
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