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Extended Abstract

1. Introduction: White button mushroom (Agaricus bisporus) is a widely consumed edible fungus
with high nutritional value but a very short postharvest life due to rapid physiological
deterioration. The absence of a protective cuticle, high respiration rate, and high moisture
content make mushrooms highly perishable, leading to weight loss, browning, cap opening, and
texture degradation during storage. Enzymatic browning, mainly associated with polyphenol
oxidase activity, together with oxidative stress induced by reactive oxygen species (H-O: and
MDA), is a key factor accelerating senescence and quality loss .Edible coatings based on natural
polysaccharides have been proposed as an eco-friendly method to extend the shelf life of fresh
produce. Guar gum, a galactomannan polysaccharide, is of interest due to its film-forming
ability and barrier properties against moisture and gas exchange, which may reduce respiration
and delay quality deterioration. However, limited information exists on its application in
mushrooms under cold storage. Therefore, this study evaluated the effect of guar gum coatings
on the physicochemical, biochemical, and antioxidant quality of Agaricus bisporus during
refrigerated storage.

2. Materials and Methods: Fresh white button mushrooms (Agaricus bisporus) were harvested from a
commercial farm in Meimeh, Ilam Province, Iran, and transported to the laboratory under cooled
conditions. Uniform samples were selected and divided into three groups: control (distilled water dip),
0.5% guar gum, and 1% guar gum (2 min immersion). After air-drying at 21°C, samples were packaged
(10 mushrooms per container) and stored at 3 + 1°C and 85-90% RH for 9 days. The experiment was
arranged in a completely randomized design (CRD) in a factorial scheme with three replications. Data
were analyzed using SAS (v9.2), and means were compared by Duncan’s test at the 5% significance level.
Shelf life and quality attributes were evaluated based on cap opening, browning, weight loss, TSS,
titratable acidity, protein, phenolics, flavonoids, PPO and PAL activities, hydrogen peroxide,
malondialdehyde, and antioxidant capacity (DPPH assay).

3. Results and Discussion: Results demonstrated that guar gum coating had a significant positive effect on
maintaining postharvest quality and extending the shelf life of white button mushrooms compared to the
control. At the end of the storage period, untreated samples exhibited a shelf life of 9.3 days, whereas
mushrooms treated with 0.5% and 1% guar gum showed extended shelf lives of 11.6 and 13.3 days,
respectively. This improvement indicates the effectiveness of guar gum in delaying senescence and
slowing down postharvest deterioration processes. Coated mushrooms showed markedly reduced weight
loss, delayed cap opening, and lower browning intensity throughout storage. The superior performance
of the 1% guar gum treatment suggests that higher coating concentration enhances the formation of a
more effective semi-permeable barrier on the mushroom surface, which likely reduces water vapor loss
and restricts gas exchange. Consequently, respiration rate and transpiration processes were suppressed,
leading to improved visual and structural quality. From a biochemical perspective, guar gum-coated
samples maintained significantly higher levels of total soluble solids, titratable acidity, protein content,
total phenolics, and flavonoids compared to the control during storage. The preservation of these quality-
related compounds suggests that the coating effectively slowed down metabolic activities and delayed
the degradation of key nutritional and bioactive constituents. In particular, the higher retention of phenolic
and flavonoid compounds in coated samples reflects improved stability of antioxidant-related metabolites
during storage. Enzymatic results further supported these findings, as guar gum coating significantly
reduced polyphenol oxidase (PPO) activity while maintaining higher phenylalanine ammonia-lyase
(PAL) activity. The suppression of PPO activity indicates a reduction in enzymatic browning, whereas
the sustained PAL activity suggests continued biosynthesis of phenolic compounds and delayed
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senescence. These enzymatic modifications collectively contributed to better visual quality and slower
deterioration in coated mushrooms. Moreover, oxidative stress indicators revealed that guar gum coating
effectively reduced the accumulation of hydrogen peroxide (H-0:) and malondialdehyde (MDA), both of
which are key markers of oxidative damage and lipid peroxidation. The lower levels of these compounds
in coated samples indicate that the coating helped mitigate reactive oxygen species accumulation and
protected cellular membranes from oxidative injury during storage. Although antioxidant capacity
decreased progressively in all treatments over time, coated mushrooms, particularly those treated with
1% guar gum, consistently exhibited significantly higher antioxidant activity compared to the control.
This suggests that the coating not only slowed down oxidative degradation but also helped preserve the
functional antioxidant system of the mushrooms during storage.

4. Conclusion: The present study demonstrates that guar gum coating is an effective natural and
biodegradable approach for maintaining postharvest quality of white button mushrooms during
refrigerated storage. The application of guar gum significantly reduced weight loss, delayed browning
and cap opening, and preserved nutritional and bioactive compounds. Furthermore, guar gum coating
reduced oxidative stress and modulated key enzymatic activities associated with senescence. Among the
tested concentrations, 1% guar gum was most effective at maintaining overall quality and extending shelf
life. In conclusion, guar gum can be recommended as a safe and cost-effective edible coating for
improving the postharvest storage life of Agaricus bisporus under cold storage conditions. Further studies
are suggested to evaluate its combination with other natural coatings or antimicrobial agents to enhance
preservation efficiency.
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Figure 2- Effect of guar gum coating on total
soluble solids (a) and titratable acidity (b) of
button mushrooms during storage. Means sharing
at least one common letter are not significantly

different at the 5% probability level according to
Duncan’s multiple range test.
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range test.

$laeSo g8 (po by oS ol lis pol> Aagh s
Al kS il 53 e ke 4 o5 o
| 8 1T i 5 o 8 S5
S Ny 900,85 Lado Blo 5l ey ()NS5 0590 b
VIsS Gomo Jlod o IS jsb 4y ojlail p2b e ], slud
St 0, Sos oai g wSoslail slo msli Cdél jo as o
aS il sall sladiged g oo, /0l 4 o
Lis )5 (She iy cnl cdale & aly 51 Sk
iS4m0 o it gl ol el (5SS 5 g
s 5 e e 5 sl b T oo iy
Wl 50 9 00 Layls g Cugly Jobs 2alS crse B
S bl e (Splie Sl iaSly 5 (305 oudS Do
el ool ualS 1,
sine Bl g ol mls Gr e 5 (S
2185 Eemo b oa b po fdg slag B s B ule yes
Lo Judo 4 slaaSs 7,58 .09 dalis sladiges b aslio
F55sS ¥ Gl g Casb) w0y A0l e (0w

col ols sl asine Gad 4 clls 5l ey (dadlre

i

*

N
o

[y
v

iy
o

wv

o

At harvest-
Clld g loy

3 DAY-pgw jg, 6 DAY-picds 59, 9 DAY=t 59,

H,0, (kmol g™ FW)- (55 y0ud suuns

B Control-asls M Guar gum 0.5%- |55 sao M Guar gum 1%- ls5 seo

~
o
o

600

500

400

300

200

100

MDA (umol g FW)-uawl 55 ol

At harvest-

3 DAY-pgw 39, 6 DAY-pii 9, 9 DAY-(ots 59,
Clld g yloy

H Control-sals
W Guar gum 1%- |55 oo

Slge 2 )lgS Go—o Lo ibg FI-F IS
() vapall 63 (gl 9 (AN G 39 aun dumSTy
LNl Ll )0 ()l (b slawss 7,8
B Jloso ! el 33 5 yiino By K3 JBlas (sl

il o 0 saze ST UBB SIS cy905T oy

B Guar gum 0.5%- |55 gec

Figure 6- Effect of guar gum coating on hydrogen

peroxide (H20:) content (a) and malondialdehyde
(MDA) content (b) of button mushrooms during
storage. Means sharing at least one common letter
are not significantly different at the 5%
probability level according to Duncan’s multiple
range test.



ra \F+0 uLo-MlJ 9 )Ler? Al c)l.mi') AR 099 AL Jl.m alk‘_g}f.m ‘BS.LC g;st.C Mu.a.ésé

(V) oL, Ken g Nasirt bawgs ol gl ol
055 oo Gidgy a5 Wols (Lss lagl s (3158
clled als cely (LS lopul—wl L oa b o8
o (51anSs 7B ot sloged zalS g T sb L
395 S y9p0 adlie ;o (YY) o[,Sen ¢ XA pimen
Dl b greb (S1ss Glo by 4T ais S o)Ll
G 0lgS e o (losgd L by sl 3T colled
sl ansls bz, B coaS Las o cege

el Slge (glyime a5 ol Lt ol e b
SIS 093 Jsbo 55 ga—al s Bl g Joloa
5 damo b i po i ts slag,B Lol il ials
Slgo rals .ais,S Lo |, GluS 5 ol 5l o s polie
5 56 Vgome Slo)lil (b JT sloogasl 5 Jolons sl
ol el alie 5 eiis wl)d 50 LS S cnl S yan
Sjless ;o LS 5 ol yidey polie i cplply ol
WS g S DA LRalS saimsyLid soi oas e
ohea s Huang .o _ul log,lé )0 (5, aig, o—i
N9 Eewe (sol> slaindg 45 Ws,S (8155 55 (V1)
SLsS 5 5 Sarys Sl sl o Jslono (s L s
V-V ,en o Tahir e i g, B s Joloee
b SLode—o p (e Slogibg 4T bS5 ol
el gilie S 0l L5 ol e b wlys oo
A 5 Sslr Jolons S 5 il

CodeS 1l slaat b (n e 5l (S g 8
aomes o lvas aS el GL Ll b S1ys5 slog 8
Sl gy s e £y 2l ol Cs Sl g 55w
) lag )8 (39 <8l s)losine j5b 4 )l6S foo Al
dooe Vb Ul 51 3 Vil goige ) Sl als
g (59, Lilme Y Suolzml 5 O (65lagSS 50 18
e ol gl 09-bos Cagb) 795 il &5 Cul B
cllas (VYY) oL, oo 5 Yazicio8lu slaazsly b
2l cxge IS oo b W0 S A5 a5 sl
et slaeSs 7,8 (Bl sla Sy Lix g o)y
505 (YY) o Ken g Cavusoglu jisgy ;o cpuiomen
OO=S g 0j9 Sl aidlys STy sl it gls
Eomo Jibay (Spo (nl )o i als ) )5 dl
b (655 0,90 (b g )B JS (g n L corge IS
325 3 il Ygame Lol (b sy LS

‘5.\.0&0

o 4355 32l ply ol gy Sld g L (ol o 5
O add malS ) s a5 Cughsy cdl Wlgl oS
5 bl aales Jemame cpl o B uile ial3El 0 cege
9 09 Ll JRalS e ge T fawo Gidgy il ek
S o=k Yl a5 0 7,6 el oS Lis
(Y1) oLSen s Huang cloazsly U aslliae oy
9 OlissS (oS 5 Licbgy 350,8 0)135 aS o ls Jlgen
9 09 <l pals (8l (b v b coge I8 geo
ol w—u Lentinus edodes z,5 s, 5aile il58l
NS ooy (e slaibg 45 20,5 yle ol Kiagh
slal—ié )55l 6 xSelzr 5 a5 Jols (rals' Ly
ol gy 30 WS 0 S L) 7B (6w g, ¢ Jolus
S e s li 5l (S S aiih ol 7,8
aslol Kl a5 05 oo g—wmo glaoSs z L8 o
S om @l o 3l G (S 5 Suislan s slaclles
sl ,les o S a—isl els ol il
5 i Do alS 51 b Y] sa i ad i b
ol s el 03gs a5 15 pdgilie oy 2alS
& o,y (VY1) e g Zhu (5,155 L jisw
23,5 ssaliwe oyl ¢ ,lo cuisllae Pholiota nameko
Sy sy Sluil p e Sy slaicdg a5
S Mgy g 3ipd (EalS (6 )lagSS (b 1) SadS ol
oen 5 Cavusoglu pozes asjlasl 5l ay )
2 e sl it 5l ol a5 wo S 5155 (Y- YY)
olS s € o3 odniw utigp g Sl deo
W) 6‘4&5«) C)Le G}QLB oS laas 9 SIS Qa,:;‘))'b.
oo Lo 0 7,8 s o sloged rals
O Sloged 09 pol> Gipg% mie @l 500 5l 55 leS
@B iy )5k 2el5 Jelse o 5 ol 5l (S mla
il codles 5 s Baae a8 ol glaaSs
T S OlaS 5 Helag S1Jed sk
s Romo iigy a5 ol lid e, o2 s aes
Ay g osly el ], )\A.._MSUBJGL Codled cailes
ool Yol WS (5ol slosed slaalass, L3 5
CBL pelais s ST s iasd A dgasee Judo a4y i




el gl o 0 Slaoss C)LB L du‘;ﬁ‘ g CanduS Lads> g yle8 Gowo éb? g Sl V.

2@l S g oo (sloged Wy egilanST (slag 51
45,5 5,155 (VYY) o[,Sen g Azizpanah .a5;la]
b sl ool el 4y ariél slacSiuys 5l oolil
bis cels (9 28l 5l 6T ol 5 (9,50 S LS
Sl 3l w0 slaeSs 7,8 6,8 wile Jiliél g coaS
g s

et 3 asadlgaggdle 5 (g piem ap STy
lacdl 5 olid ol g slanaS| a5 glaasls
ladiges ;0 DLeS 5 cnl Gl Wigd oo guine (aLS
50 g gullo WS s o saio sy lid el l
Eome Gindgy (s )3 09 Slo)lil (b (Jolw slalas
SrSolr SlaS 5 ol ol G el el JleS
Lo g load Hgr—lar—uSTy Ghals Sl a5 WS
ol g Huang .ol Jsl s slalie 3> LSS
S5 Eeo S5l ity a5 W5 S (5155 5 (V4)9)
S GalS g aaall (60 Gglle slyie alS czge
lag B o1 T byl o 7,6 40 by iUl
ol B3 idigs slag B Lol wcdly pals 5l b o
| oS o 5] 5ty slin I oo
S 5 L 5l 3l Yol ggdg0 ool io S Lai>
2 985leST i a8 (aizmed 9 (G058 5 (Joid
i ST 5T b b a8 il 5l el 8 Ly
Glocoul Guals 5 gludss coas Lis 0 age
ladas (b))l Wlg e Sy cnl L o))s gl S|
P l—te @l wms (Wl eSS (b I, g,
o ¢ Xia 4 (Y+19) ), ee g Nasirt olallas
o by aisls i oS cewloa s 5,155 (Y- YY)
G2l 5 Gl il cdyl bio sl b (STy95
9k 4 ied oo lag B 5o JWdn s SlaS 5 50
S gy 45 Sl Lt bl g i (IS
ol 9 e )l ey ) Slile s ohg 4 leS e
5| o 4SS 2B o Baile il5hl 5 oS Lai (o
xSl s <8l Rl b ity cnl ol il
Ol 5 Lads (SN a3l el (o gloge
S Ny Smilys guilan ST s 2als g b s
S pe—o jloslaiul plpln spladl ,slaal, # )8
5 b Sher i S plate 4 alei o
Sty 9 St Sl G @lice )3 pdyen PEEen
3,5 )18 eolaul 0590 7,8

esiiSagym slopsl Cullsd Gl s sy Sl
Sz B ) (egn bis cnlple cul gy 0L 50
Ailys lsS Romo Jidigy 45 and oo lid oudlens
stel—io gl s Jrals' |y oo 50 slaan] 3 ca b
ol yeas o 35S (Y-)9) ol Ken s Huang Lwgs
g Jslome (g p Bai> 2l S goo (551> lagidg
o Jelw la,lisle g 50 ualS
b JS a5 IS Jpib slyime i il
onl B a5l (b Vil ol imgh 5o (6Ll
Oezred g gl ST ps L allas o LSy
ol b e 10T slas 35T aasss by T sl
ol e s pals sl e iles eSS pao i ligy (>
g Lodgid 5l st polie 5 oS (o pSel> DLuS
5 58 Sl 5 e L g5 o 1, LasSsisdl
U Sha—SI 5l cadyb g0 e 1B sa55idl
aS 250,55, 55 (Y1) ], K g Nasiri o5
Ol 5 i coge foo p (e S|t slai-by
aS as0,S e (V-VF) o)L g Xia pizmen
BT %1 KGR § g+ Y L PP i f By F 7
G bgpe @l WS oo 655l Jod SlS 5 S
a1 5385k 5 5lligel VT Jetd slage 5l olled
PoeST Ik clab Gl 5 SLlLsgel VT i
Sm ! n e ) (S ligel VT Juid T o
ol ol o ST 5T OlaS 5 adgs (il b Vaons
10583 Jgis ol 35T 5l Jgb Ly e blie 5o
Ol il 25 o g lag )8 o el o
55 3emST Jsi 20l 5 sLlligal oi¥T s colled
JsS oo &S wBd o lis ad 20 b slo,les
9 Nasirt aslas ;o ol o gl oS olsgl Jgib
oo Gl i bg a5 o saalin (Y19) ) Sen
Jsbh cdled 2alS Cozrge Lol ol Loo 5 &
adlas )0 piorad ol 7,8 CoaS Las 4 la S
9= G055 @B 6, slacs sk o)lyd xSl ()9,
codli o b asilgi oo Slyss sla i g 4



¥y \F+0 uLo-MlJ 9 )LQ‘J. Al G)Lmi) AR 099 AL JL»: alk‘_g}f.m ‘BS.LC g;st.C Mu.a.ésé

(il ogde S (6T elx a9 (Jeb DlS 5
5 sllisaglle 5 39,0 9Ty gors Stals
O el oadas i sa b o by sl ,les
(Jlie 309 Jokw slalic (S LG Lais g silaans]
WJgloe ol slge Lo ¢ SlawuS1 6T s bl
Ol el slag, B 50 S (etign 5 JT slovanl
o)l B> 53 g B Wl e 5T oo a8 Sl
Egozxe 0008 Ll (6 )l S 090 bz )8 slaniss
SO RN PRESRPTICHE PRSI S
el sl a8, —oanygyie 5 (el e Sl Sy leS
$laeSs 7,8 6 Buile Jioliél g cils 5l G Oluls

Gan 13 S8 sy Sy GRS b by ol ol

(lrerisn 5 Ssls it Sla iy i g seilag S

SN g Gt )3 (ng 6,58 S Ol Wls o

255 )3 eolial 3,50 (Sho2 slag B

Refrences

Azizpanah, A., Aliakbari, M., Mirzaee, K.,
Mohammadi, M., Ranjbar, M. E., &
Azizpanah, A. (2023). Maintaining the
quality and extending shelf life of button
mushroom by using essential oil of some
medicinal plants in packaging containers.
Journal of Vegetables Sciences, 13(1),
131-147.
https://doi.org/10.22034/IUVS.2023.199
5797.1274

Bradford, M. M. (1976). A rapid and
sensitive method for the quantitation of
microgram quantities of protein utilizing
the principle of protein—dye binding.
Analytical Biochemistry, 72(1-2), 248-
254. https://doi.org/10.1016/0003-
2697(76)90527-3

Brand-Williams, W., Cuvelier, M. E., &
Berset, C. (1995). Use of a free radical
method to evaluate antioxidant activity.
LWT - Food Science and Technology,
28(1), 25-30.
https://doi.org/10.1016/S0023-
6438(95)80008-5

Cavusoglu, S., Uzun, Y., Yilmaz, N., Ercisli,
S., Eren, E., Ekiert, H., Elansary, H. O.,
& Szopa, A. (2021). Maintaining the
quality and storage life of button
mushrooms (Agaricus bisporus) with

‘5.\.0&0

ERUS LSS
SlaaSs 7,8 oo g oS ol plis yol> jiagh muls
Oidg S Gl 58 deo L (Agaricus bisporus)
Sonte )0 BF% G plyee PElan) g oamb (STho>
o @B aole e iolidl g il 5l g calS
05254) )lsS doo sla Lo (S jsbas by Jg e
gl iaes Y G ool b o il (o0 Y clale
s ook s |y g, Joli 5 S S 6 el
S5 slr ol CuhsS als g L b p 559 4
25 )leS feo by a5 3ls (LAS S Grizres oS
SO o 5l la s S aFLs 59 5l )l e
a3l )0 90,5 S5l 8 i a3 Slosed
g 5 5 s 2k i czge
3l Cllad (halS b ol Gidisy onl 5 (olerdisn
55 5l eglan ST glaoss s s g slaasT Joid L

a°r0 6\’

gum, agar, sodium alginate, egg white
protein, and lecithin coating. Journal of
Fungi, 7(8), 614.
https://doi.org/10.3390/j0f7080614

Chang, C.-C., Yang, M.-H., Wen, H.-M., &
Chern, J.-C. (2002). Estimation of total
flavonoid content in propolis by two
complementary colorimetric methods.
Journal of Food and Drug Analysis,
10(3), 178-182.
https://doi.org/10.38212/2224-6614.2748

Heath, R. L., & Packer, L. (1968).
Photoperoxidation in isolated
chloroplasts. L Kinetics and
stoichiometry of fatty acid peroxidation.
Archives of  Biochemistry  and
Biophysics, 125(1), 189-198.
https://doi.org/10.1016/0003-
9861(68)90654-1

Huang, Q., Qian, X., Jiang, T., & Zheng, X.
(2019). Effect of chitosan and guar gum-
based composite edible coating on quality
of mushroom (Lentinus edodes) during
postharvest storage. Scientia
Horticulturae, 253, 382-389.
https://doi.org/10.1016/j.scienta.2019.04.
062

Hyodo, H., Kuroda, H., & Tanaka, K.
(1978). Induction of phenylalanine



https://doi.org/10.22034/IUVS.2023.1995797.1274
https://doi.org/10.22034/IUVS.2023.1995797.1274
https://doi.org/10.1016/S0023-6438(95)80008-5
https://doi.org/10.1016/S0023-6438(95)80008-5
https://doi.org/10.3390/jof7080614
https://doi.org/10.38212/2224-6614.2748
https://doi.org/10.1016/0003-9861(68)90654-1
https://doi.org/10.1016/0003-9861(68)90654-1
https://doi.org/10.1016/j.scienta.2019.04.062
https://doi.org/10.1016/j.scienta.2019.04.062

el gl o 0 Slaoss C)LB L du‘;ﬁ‘ g CanduS Lads> g yle8 Gowo éb? g Sl \FY

ammonia-lyase in wounded carrot root
tissue. Plant & Cell Physiology, 19(5),
1121-1128.

Ioannou, I. (2013). Prevention of enzymatic

browning in fruit and vegetables.
European Scientific Journal, 9(30).
https://doi.org/10.19044/es].2013.v9n30
p%25p

Jiang, T., Feng, L., & Zheng, X. (2012).
Effect of chitosan coating enriched with
thyme oil on postharvest quality and shelf
life of shiitake mushroom (Lentinus
edodes). Journal of Agricultural and Food
Chemistry, 60(1), 188—196.
https://doi.org/10.1021/jf202638u

Kalita, P., Kalita, T., Bora, N. S., Roy, P. K.,
Pachuau, L., & Roy, S. (2025). A review
on natural polymer-based film/coating in
postharvest mushroom preservation.
Food Control, 172, 111185.
https://doi.org/10.1016/j.foodcont.2025.1
11185

Khazaei, Z., Behnamian, M., Dezhsetan, S.
& Estaji, A. (2023). The effect of green
zinc oxide nanoparticles on the
physicochemical properties of
Ganoderma lucidum mushroom. Journal
of Vegetables Sciences, 14(2), 01-24.
https://doi.org/10.22034/IUVS.2023.197
2377.1247

Nasiri, M., Barzegar, M., Sahari, M. A., &
Niakousari, M. (2019). Efficiency of
tragacanth gum coating enriched with
essential oils for deceleration of
enzymatic browning and senescence of
button mushroom (Agaricus bisporus).
Food Science & Nutrition, 7(4), 1520-
1528. https://doi.org/10.1002/fsn3.1000

Nehra, A., Biswas, D., Siracusa, V., & Roy,
S. (2023). Natural gum-based functional
bioactive films and coatings: A review.
International Journal of Molecular
Sciences, 24(1), 485.
https://doi.org/10.3390/ijms24010485

Ranganna, S. (1986). Handbook of analysis
and quality control for fruit and vegetable
products. Tata McGraw-Hill.

Salehi, F. (2020). Edible coating of fruits
and vegetables using natural gums: A

review. International Journal of Fruit
Science, 20(sup2), S570-S589.
https://doi.org/10.1080/15538362.2020.1
746730

Singleton, V. L., Orthofer, R., & Lamuela-
Raventos, R. M. (1999). Analysis of total
phenols and other oxidation substrates
and antioxidants by means of Folin-
Ciocalteu  reagent. = Methods  in
Enzymology, 299, 152-178.
https://doi.org/10.1016/S0076-
6879(99)99017-1

Tahir, H. E., Zou, X., Mahunu, G. K.,
Arslan, M., Abdalhai, M., & Li, Z.
(2019). Recent developments in gum
edible coating applications for fruits and
vegetables preservation: A  review.
Carbohydrate Polymers, 224, 115141.
https://doi.org/10.1016/j.carbpol.2019.11
5141

Vamos-Vigyazo, L. (1981). Polyphenol
oxidase and peroxidase in fruits and
vegetables. Critical Reviews in Food
Science and Nutrition, 15(1), 49-127.
https://doi.org/10.1080/10408398109527
312

Velikova, V., Yordanov, 1., & Edreva, A.
(2000). Oxidative stress and some
antioxidant systems in acid rain-treated
bean plants: Protective role of exogenous
polyamines. Plant Science, 151(1), 59-66.
https://doi.org/10.1016/S0168-
9452(99)00197-1

Wills, R. B. H., McGlasson, B., Graham, D.,
& Joyce, D. (2007). Postharvest: An
introduction to the physiology and
handling of fruit, vegetables, and
ornamentals (5th ed.). CABL

Xia, R., Hou, Z., Xu, H., Li, Y., Sun, Y.,
Wang, Y., Zhu, J., Wang, Z., Pan, S., &
Xin, G. (2024). Emerging technologies
for preservation and quality evaluation of
postharvest edible mushrooms: A review.
Critical Reviews in Food Science and
Nutrition, 64(23), 8445-8463.
https://doi.org/10.1080/10408398.2023.2
200482



https://doi.org/10.19044/esj.2013.v9n30p%25p
https://doi.org/10.19044/esj.2013.v9n30p%25p
https://doi.org/10.1021/jf202638u
https://doi.org/10.1016/j.foodcont.2025.111185
https://doi.org/10.1016/j.foodcont.2025.111185
https://doi.org/10.22034/IUVS.2023.1972377.1247
https://doi.org/10.22034/IUVS.2023.1972377.1247
https://doi.org/10.1002/fsn3.1000
https://doi.org/10.3390/ijms24010485
https://doi.org/10.1080/15538362.2020.1746730
https://doi.org/10.1080/15538362.2020.1746730
https://doi.org/10.1016/S0076-6879(99)99017-1
https://doi.org/10.1016/S0076-6879(99)99017-1
https://doi.org/10.1016/j.carbpol.2019.115141
https://doi.org/10.1016/j.carbpol.2019.115141
https://doi.org/10.1080/10408398109527312
https://doi.org/10.1080/10408398109527312
https://doi.org/10.1016/S0168-9452(99)00197-1
https://doi.org/10.1016/S0168-9452(99)00197-1
https://doi.org/10.1080/10408398.2023.2200482
https://doi.org/10.1080/10408398.2023.2200482

