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ARTICLE INEOQ ABSTRACGCT

Keywonds: Eggplant (Selerinmi miclongena L) fruit is highty perishable vegetable ue to rapid quality deterioration whey
Chilling injucy stored under ambient temperntine, The cwrent banding and storage temperatures, below optimum storage
Eggplant fuit temperature (« 10°5), extend the storage life, but chilling injury (C1) oceuss after n longe: storage. by this study,
:;'::Z‘:r treatment thie effects of pre-storage hat water dipping at 45°C lot water for $0 min on alleviation of Gl and enhancement of

phenclic netabolism in cotd stared eggplant fruit for 16  were investigated. Fruit stared ot 10* G showed na Cf
and maintained frait quality, while non-treated Buits stored at ' € indicated severe Gl Hot water treatment
alleviated Cl fncilence and inhibited the increases in nlondialdshyde and hydrogen pevoide levels, nud
enhanced phenslic nietabolism by increases of totnl phenolic levels and phenylalanine ammonia-lyase activities
compared with the non-treated fruits during storage at 1°C. These results indicate that the alleviation of Ci in
eggplant fruit by hot water treatiend at 45 C for 10 min might be <due to the lcrease of antioxidant activity by

Phenylalonine amments: lyase
Reactive uxygen cpecles

enhoncement in phenclie metabolism,

1. Introduction

Eggplant (Solanwan melongena 1) is one of economically important
vegetnbles and commenly grown and consumed with a worldsvide.
Eggplant fiuit includes high levels of antioxidost compounds that have
beneficlal and health promoting substances, such s fRavonoid and
phenolic conspounds {(Chiunpin wt al, 2019), 1 addition, fuit peel
conteins many anthocyanins which have u significnnt rele in healih
benefits, However, eggplant fiuit iz Lighly perishable (due 1o rapid
quality deterioration after harvest when stored under ambient temper-
ature (Fan et al,, 2016,

Low temperature storage Is genernlly the effective method o mpin-
tain the postharvest quality of hortieul tuad crops and is the most widely
used posthasvest technalogies (imalon i et ad., D021 Endo et al., 20095,
Cold tempernture substantially reduces the rate of many metabolic
processes and extends the sheff life of hosticultural crops (mahii vt al,
20083 L wt al, 2016} However, eggplant is sensitive to cold tempera-
ture, as it is sub-tropical and Wropical crops, Akhough low emperature
stoinge is generally the most effective preserving method, chiling stress

often causes severe chilling iy (CI), when stored at tempermture
below 10°C (Pallik et ul., 1995 Gan el ul, 2015 shi et ), 2019). ¢lisa
physiological disorder ouul indicates the symptoms as surface pitting,
browning of calyx and seeds, swater loss, water-soaled areas, and decay
development, The oceurrence of GI resuits frons axidlative stress which
cansed by the excess accumulation of reactive oxygen species (ROS), The
severe problem in quality canses during low temperature storage (Shi
clhal, 2009 L el al., 2015),

Exposute to cold tempernture raises the levels of ROS and increases
oxidative stress in horticultural crops (lmaluni o ol 2041) The
ocewrrence of Gl in horticulnial crops results from the alteration of
equilibrium between ROS production mixl ROS scavenging system
{Hadyes sl 2004). This bafance between the formatien and detoxi-
fiention of ROS is eritical to cell swrvival during cold storage. ROS
accumulation which induced by chilling stress may cause oxidative
damage to lipids and procluce toxie products such ns malondinldehyde
(MDA}, MDA is a secondmry product of polyunsatwiated fotty acid
axiclation, and m: indicator of membrane damage, reflecting the degiee
of plant oxidative stress (Loabon, 200),

Abbreviations; €1, chilling injury; MDA, malondiahlehyde; PAL, phenylalonine ammanio-lynse; ROS, reactive oxygen species; TBA, thiabarbituric ncidy TCA,

tricheroncetic ncid.
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Many technologies have been developed to mitignte Cl of horticul-
tural erops, including physical tventment such as heat trentnient, low-
temperature conditioning and conrrolled atmospherss, and ehemical
trentmest such s plant hormone treatment and natural elicitor (Zhang
afat, 2021),

Heat weatment is n sofe and environment-fiiendly method and
effective physienl treatment after postharvest (ino, 2000), Advantages
of hent treatments on mitigadon of CI have bees: extensively revenled in
sweet pepper, mume and mony ather horticuitural erops (Evdn et nl,
20190, by Zhang e al, 2021). Heat treatment causes nn adaptive
response in horticultural crops to chilling stress and prevents the
developnient of Ci and external skin: damage during cold stornge (Faik,
2304), Hortiewdtural erops ave trented previous to low temperature
storage utilizing hot water, hot air or vapor hent for heat treatment. Hot
water is a mote efficient heat transfer mediwt than hot air and is the
preferved medinm for most applications of heat treatment. Thus, hot
water trentment is expected beneficial effect for mitigation of Cl
enhancing chilling tolernnce by improving antioxidant responses (Failik,
2014; Bndo et ol 219a).

To our knowledge, however, little information is available for the
oxidntive stress and an adaptive response in products to chilling stress in
eggplant fruit under such heating expesure of hot water treatmient. The
oblect of present study wns to investigate the effects of hot water
rreatment on the level of oxidative stress and Cl incidence during storage
at low temperature (1°C), and to discuss the possible mechonisms
leading to the induction of chilling tolerance.

2. Muterial and methods
2.1 Plant materials

Eggplant {Selanum nelongena L ov. Sentyc) fruits were harvested of
the commercial mntnity stage and provided from farm at Osoka Pre-
fectural University in Snkel, Jopan for this study. The harvested fruits
wete solted te eliminate those with clefects, over-ripe or small in size,
and froits with unifonmity and withour noy surface domnge were
selected. Excl: fruit weighed approximately 200 g.

2.2 Treatments and storage conditions

According to o preliminay experiment based on colil storage in
eggplont lvudr treated by hot water ar different remperatuve (45 arwd
50°C), and for different treatment times (10 axl 15 min), suitoble
tempernture and treatment time in hot water trentment were selected.
The results showed that higher remperatuze of hot water treatments md
longer perlod of them brought heat injury and hot water treniment at
45°C for 10 min hod better effects on alleviating chilling injury {data not
shown). Thus, hot water treatment st 45°C for 10 min was used for the
later experiment. Eggplant fruits were individunlly paclked in o perfe-
rated polyethylene filin bag (0,03 mum i thickness, 30 om » 26 em in
size with fowr 5 mm holes on each side), which the relative humidity
(RH) i1z the bags wos 95 % or higher. They were randoily divided into
three trentment groups; ane group was stored at 10°C as control (min-
imum sale storage tempernture), anether group was stored at 1°C {cokd
stornge temperature), and the last group was treated with hot water at
45°C for 10 min, then cooled with tp water to 20°C, and followe:d by
stornge at 1"C (hot water reatment plus cold stornge temperature). The
fruit in all groups were stored during 15 d inn dark. For snmpling, pulp
tissiee was taken from the midsection region of the fruit, peeled, and
collected at nn nterval of 5 d snd then was frozen in Liquid nitagen and
stored a1 -05"C until analysis, Fruit before treatmient were alse sampled
to deterinine the athibutes nt harvest {0 d),

2.3. Chilling injury (€ evaluation

The evaluarion of Cl was visunlly performed by sorting the froit after

Scicntia Hopticolkirae 304 {2032} 111325

every 3 d of stornge. Cl waa scored by the extent of surface pitting and
estimated ns perceninge of affected surface area on n 1-5 seale, where 1
= no injury, 2 — slight, up to 20 %, 3 = modernte, 21-40 %, 4 —
maderately severe, 61-80 %, 5 = seveie, 81-100 % of affected aren. All
trentment grouips included three replications with each replication
including fifteen fruits.

2.4, Measurement of weight loss

Eggplant fruft were weighted on every 3 d of low temperature stor-
nge. The difference between the initinl weight nnd weight after stomge
was considered ns total weight loss at each of storage interval. Weight
loss wns caleulated as the percentage loss of the initinl weighton a fresh
welglit basis. All trentment groups included! three replications with each
veplication including Ffreen fruits,

25, Measwement of Pulp color

A one cm wide cross section was excised [rom the centml section of
eggplant fruit. Pulp color of cross section was immedintely mensured by
ustng a color difference meter (ND-1001 DP, Nippon Denshaku, Japan),
thint expresses the color as lightisess of pulp tissue by hunter L.

2.6. Measwrement of electrolyte Teakage

The disks of eggplant fimit wers excised from pulp tissue of the
centynd section using a 10-diameter stainless steel cork borer. Twenty
disks (10 nun diameter x 2 mm height) were imnersed into 30 mL
clovble-distilled water in gloss vinls nnd incubated for 2 h ot 25 “C. After
incubation, initial electrolyts lenkage wns measured by a conductivity
meter (DKK-TOA, TOA, Japan). The samples were then boiled for 30 mir
and cooled to room tempernture. The finnl electrolyte leakage wos
determined again. The percent of electrolyte lenimge was expressed as
relative electrolyte leakage: Cnitial electielyte leakage / ol elecrolyte
lenkage) x 100. All neatment gronps rchuded three replications with
ench replication lncliding fifteen fiuits,

2.7, Measwrement of nalondialdehyde (MDA}

The centent of MDA was determined by the thiobarbituric neid (TBA)
renetion azeerding 1o Diples rvnnd Lannngd i C19297), Frozen pulp tissues
{2 g) were homogenized in a cooled mottar nad pestle with 10 mL of
ice-cold 0.1 % tiichorongetic achd (TGA) The homogenate was venti-
fuged at 20,000 x g for 10 mie 4"C. One mL aliquot of the supernatant
swas thoroughly mixed with 4 mb of 20 % TCA containing 0.5 % TBA,
The mixture was incubnted nt 95"C for 20 min nnd then quickly cooled
in an ice-bath. After centrifugntion at 20,000 x g for 10 min 4°C, the
nbsorbance of the supernatant at 532 nm was recorded nnd carrected tor
non-specific absorption at 600 nm using & spectrophotometer (Jnsco
V-530, Jasco, Japan}. The MDA concentrntion was caleulated using the
extinction coefficient 155 mM em 1,

28, Extraction and measurement of lydrogen perogicde

Hydiogen peroxide content was measured by method of Jumylee
il {2014), Prozen pulp tissues (1 g) were extmcted in a cooled mortar
ad pestle with 2.5 ml of ice-cold 0.1 % TCA, 5 mbL of 1 M Kl aml 2.5 ml,
of 10 mM potassivm phosphate buffer (pH7.0). The exwaction was
centrifuged at 15,000 x g for 20 min at 4 "C. The superuatant was
incubated for 45 min st 20 °C in the dark. After incubation, the absor-
bance at 390 mn was monitered in a spectrophotometer {Jasco V-530,
Jasco, Japan). The content of hydrogen peroxide wos caleulated from n
stondard curye.
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2.9, Determiination of antioxidant capacity

Antioxidant capacity was determined accerding to the method of
tanoet al. (20003), Three grams of frozen pulp tissues were homogenized
with 5 mL of ice-cold 50 mM phosphate buffer (pH 7.8), aad then
centrifuged at 15,000 % g for 30 min at 4 "C. Antioxidant capacity
assay measures the copacity to eliminate 2,2 azinobis-{3-ethylbenzthn-
zoline-6-sulfoule neid) (ABTS) radicals using the enzymatic system
consisted with ABTS, hosseradish peroxiclase and hydrogen peroxide.
The reaction mixture contained 2mM ABTS, 30 yM hydrogen peroxide
and & M horserndish peroxiclase in 50 mbt phosphate buffer (pH 7.0).
The reaction lempernture was 257G, The reaction was monitored at 730
am using spectrophotometer (Jasco V-530, Jasco, Japan) until absor-
bance was stable, Then supematant was added 1o the renction mixture
and the decrease in nbsorbance was measured after 5 mis. Antioxidant
enpneity was caleulated from a standard curve using Trolox as stand ard
nud expressed ns g Trolox equivalent per fresl weight.

2.10. Measwrement of total phenalic

Phenalics were mensured by Folin-Ciocalteu methed nccording to
Sinutetan ot al, Y3599). One gram of frozen pulp tissties was extraeted
with ethanol, mul centiifugated at 15,000 % g for 20 min at 4 "C,
Folin-Cioealteu reagent was added to the supernatant. After 3 min, 10 %

5
A
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Ny C0Os sotution was added, and the mixtura was ineubated a1 3¢ °C for
1 h. The nbsorbance at 530 nm was monitored in a spectiophotameter
{Jnsco V-530, Jasco, Japan). The content of totel phenolies was coleu-
Inted from a standard cusve using chlorogenic acid as standard.

2.11. Extraction and assay of phenylalanine anmionia-tyase (PAL}

Assuy of PAL was cowlucted necording 1o method of Gao (2015),
with modifieations, Two grans of frozen pulp tissues were homogenized
with 10 mL of ice-cold 100 mM borate buffer (pH 8.8) containing 10 %
polyvinylpyriolidone. The extract wos centrifuged at $5,000 = gfor20
min at 4 "C. PAL activity was measured by monitoring an increase of
absotbance at 29¢ nm before and after incubation by a spectiophe-
temneter {JascoV-530, Jnsco, Japan). The renction mixture containing 1
. of supernntant, 1mL of 20 mat phenylolsnine anel 2 mi, of 106 mM
borate buffer (pH 88) was incubated at 37 “C for 3 . An absorption
coefficient of 2.8 mMem ! was used for calculating PAL aetivity.

2.12. Determination of protein

The content of protein in extracts was measured nccording to the
methad of B Fordd (1976 with bovine seruni albumin as the standard,

Fig. 1. Effects of storage temperature nnd
storage duration on chilling infury severity (A}
and weight loss (B in eggplant frmt. Friits
were stored for 15d at 10or L "Cor i *Calter
Lot water teatment at 46 *C for 1Gmin. Data
are means 1 S.E. of thixe replications. Within
the same sampling dny, menns with the same
letter indicate ne significant dilferences be-
fween treatments at the § % level. Stornge ot {0
*C: white bais; storage at 1 €t shaded bars;
stornge at 1 °C after hat water treatment; black
bars.
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2.13. Swefistical analysis

The SFSS (8FSS 16.0 for windows) statistical software was used to
anslyze experimental data occording to the analysis of variance
(ANOVA). Mean comparisons were performed by using Tulceys test at
the 5 % level.

3. Results nnd diseussion
3.1, Changes in chilling injury index

Fruit stored at 16"G for 15 d showed no Cl symptonis and atnedfested
acceptable quality (fig. 1A). However, the Gl symptom appenaved as
suiface pitting after 3 d when stored ut 1°G without hot water trentment.
As the duration of stornge progressed, C1 symptom deteriorated rapklly.
Atthe end of storage nfter 15 d, Cl index was ns high as 4.0 (Fig. 1A} snd
surface browning of pericarp was also observed. in contunst, fuit indi-
eated slight symptom of Gl after 15 d when stered nr 1'C with Lot woter
treatment {Fig. 1A). There was a significant difference in the ¢l devel-
opment between hot water trested fruit nud non-treated Fruit when
stored for 15 d at 1'C, Hol wader trentment at 45°C for 10 min before

Sdentia Hosticulturae 304 £2022) 113325

cold storage affectively alleviated development of Gl

Our results were consistent with several previeus studias which hot
water treatment mitigated the incidence of Cl and confinned to suc-
cessfuily Induce the tolerance te CI in chilling-sensitive horticulnnal
crops such as avoendo, banana, siveet pepper noud mature green mune
fradt (Agdoln and Boubodal, 20045 Endo ot al., 2079, 1), Slasilar with
another horticultwnl erops, suitable hot water teatment of eggplant
fruit could alleviute the incidesice of chilling damage and maintain the
fruit quality during low temperature storage.

3.2, Changes in weight loss

Water loss after lmvest induces to deterimintion of quality and
reduced marketability in horticuliunl crops. In this study weight loss
continuously incrensed ns the storage period proceeded (Iig, tB). The
welght loss in fruit stored at 10°G was higher than that in non-treated
fruit stored at 1°C due te higher stomge temperature throughout the
storage petiod. In contrast, hot water treated fruit had remarkable
decrease in weight loss than non-trented fruit during storage at 1°C
{Fig. 1B).

Weight loss during low temperature stornge is Indicator of CI in cold

Pige 2. Effectz of storage tempernture nmd
storage <lurntion on and electrolyte lenknge (A}
B and malopdinfdelyde [MDA) level (B} in
% eggplant fruit, Fraits were stored for {5 d at 10
or | *C er | “C after het water treatment at 45
“C for 10min, Data are means L S.F, of three
replications, Within the snae snupling day,
meana witl: the snme letter indicate no signifi-
cant differences behween trentments at the 8 %
level. Sterage at 10 C: white bnzs; storage at §
*C: shadet| bars; storage at 1 'C nfter ot wates
treatnient; binelk bars,
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sensitive horticultural crops. Water transpivation in eggplant fruit
musinly occwrs thiough the calyx, The deterioration of ealyx is one of Gl
symgptoms in eggplant frults during low temperature storage (Gao et al.,
2015). Storage conditions ond postharvest treatments thar allevinte
water loss can inhibit the development of CI. Hot water trentment
changed the microscopic siructure by improving the cellubar barrier
function against water loss and mnintnined the fruit firmness telated
with weight loss {fehman o ol 20215 Mosef, 2039, Thus, sur wesults
showed that hot water trentitent reduced weight loss from the fruit by
inhibition of water loss, which is responsible for resistnnce to water
transpizution by alfeviation of calyx deterioiation.

3.3, Changes in electralyte teakage and lpid peroxidation

Electwalyte leakage Is the important indicators of membrane integiity
in plants and is used to indicate the CI levels which expressed by relative
electrienl conductivity (Endo et ol 2010a). In fruit stored at 10°C,
electrolyte leakage slightly incressed during storge. Iy contrast, eiec-
tvolyte leaknge in pon-trented fruit at 1°C grdually inereased during
stornge, being the value measured approximately three tines ns higlh ns
the initinl. However, the fruit treated with hot water Indicated constant
and lower level throughout storage period mt 1°C (Fiy. 2A). The signif-
icant differences were statistically found in the level of electrolyte
leakage batween hot water trented fruit and non-ireated fruit duzing 1°C
storage (Fig. 2A),

The extent of lipid peroxidation depends on the degree of cold stress
and is correlated to the extent of Cl, MDA is a secondary product of
polyunsnturated futty ackd oxicdation and indicates the level of lipid
peroxidation (Heulge et al., 1999), Lipid peroxidation can be evalunted
by the content of MDA {loahoni =t al,, 2008). ln fruit stored at 10°C
MDA level slightly decrensed during storage. In contrast, MDA level in
non-trented fruit ot 1"C gradually increased duing storage, being the
value mensurved approximately 1.3 times as high as the initinl. The se-
wvere of G nssocinted witl imembrane damage in fruit in colid storege, The
level of MDA related with the degree of Gi severe (Figs. | and #B).
However, the fruit treated with hot swater indiented constant level
thioughout storage period at 19C (Fig. 2B). The significant differences
swele statisticnlly found in MDA level between ot water trented fruit
and pon-treated fuit dning 1'C storage (Fig. ¥B).

Lipid peroxidation is one of the first phenomenon in the appeatance
of Clwhich caused by chilling stress (Frudn et ol 20197, b), Exposing to
chilling stress niters the membrone stocture of plontcell and causes the
destruction of membrane integrity by lipid petoxidation (Fveyk et al.,
2005; Aphdmn et at, 200603 The extent of lipid peroxidntion depends on
the strength of chilling stress. The slierntons in plant cell membrone
eause o reduction in the functionality of membrane and nve closely
correlated to the level of physiological and biochemical chnnges jn plant
cell membrane (Eudo ot ol 2010 8, B), Thus, the level of MDA highly
relates with the deterjorntion of mensbrase integrity and the activation
of lipid peroxidation in horticuituml ciops. The changes in MDA level
nal electrolyte lenkage levels of plant tissue reflect the extent of € and
indicate the structuzal integrity of membzanes subjected to chilling
siress (Posnyk of al., S005),

The electrolyte lealage tevel andd MDA content in hot water trealed
fruit indicated lower levei than non-trented fruit (¥iy. 2). These showed
hot water trentment reduced the oxidative dumage aud mnintnined the
membrane integrity during cold storage ar 1°C, The effect of Gl allevi-
ation in hot water trented hortieultuzal erops is relnted swith enhance-
ment of membrane integrity by increasing the unsaturation ratio of fatty
aelds (Aglulmn snd Beadboduli, 2014), The hot water treatment can
strengthen plant membranes, protect their membrane components, and
prevent loss of their membrane function {Lwie, P303). Similar with
these results, previous studies indicated that hot water trentment in
apple and pomegranate enfinnced fotty acid unsatuzation and alleviated
Gl during cold stornge {Luvie s ol 1995; Axhdaaand Bodbadale e,
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3.4. Ghanges in pulp lightness

Pulp lightness is a good indlenter of browning i pulp tissue. The
change in pulp lightness afterr 15 ( by visual inspection is shown in
Ilig. A, Browning is one of Gf symptom which indicates the internal
damage andl occuis in the areas sround seeds and seeds (Concellin et ul,
2012 Gao <t ol., 2015 ), Pulp and seed brevwning causes by the oxidation
of plienolic compoiinds due to cellulnr disintegration nnd correlates with
the level of phenciic (Ciun mal, 20153). The eccurrence of pulp and seed
brewning results in quality loss in eggpiant fruit {tGiao et al, 2045,

The changes in pulp lightness ore indicated in Py, 5B, The level of
pulp lightness in fruit stored nt 10"C was constant during storage
duration. In contrast non-treated frudt ot 1°C reduced gradusity during
storage. However, hat water tressed fruit slightly decreased s the pulp
lightness throughout storge periad (Fig. (#B). The significant differences
were statistically fownd in the level of pulp Hghtness batween hot water
treated fruit and non-rreated frudt during 1'C sterge (Fig. 38).

The Lot snter treated fruil pulp significantly indicated higler
lightness than non-treated fruit during cold stornge at 1°C. This result
showed hot water tearment rencted to maintenance of pulp lightness
uider cold stress. In addition, pulp lightness was o negative refntion with
electrolyte lenkage and MDA content (Firn:.. 2 and ), This indicnted that
hot water treatinent had protective effects ngainst membrune disruption
by cold stress.

3.5. Changes in hydrogen peroxide content

Hydrogen peroxide is one of ROS and is moderntely reactive ns n
constituent of oxidative metobotism (Xu et al., 2019). The excess of
hydrogen peroxide in plant celf Induces oxiclative stress (Endw of nl.,
20190, by Hodges et al, 2004), I fiuii stored at 10'C hydrogen peroxide
cantent slightly inerersed during storage ns compared with the initial. In
contrast, non-treated fruit ot 1'G hiydrogen peroxide content increased
sharply after 5 «f and then maintained same level during stornge. How-
ever, in hot water treated fruit hydrogen peroxide content slightly
incrensed wntil 5 d s compazed with the initial and then indicated same
level throughout storage perdod ot 1*C (Fig. 4). The significnnt differ-
ences were statistically found in hydrogen peroxide content between hot
water trented fruit nnd nou-treated fruit during 1C stornge (Figg 4},

Hydrogen peroxide accumulates and reacts n plant cell under
various stress conditions, Chilling stress caused the accumulation of
hydrogen peroxide in plant cell and resulred in the induction of axitln-
tive danmnge that manifested in lipid peroxidetion (Figs. 2 and 4). The
excess of hydrogen peroxide in plant cell Induces 1o degradation of
metnbolic function and loss of cellulor integrity ot sites where it necu-
mulates nud provokes oxidative injuries in ptat tissues (luahond o al.
w005, T01R),

Approprinte heat treatment is one of the effective methos to alle-
vinte Gl, nnd to improve postharvest quality of horticultural crops dur-
ing low tempesature storage (Enclo ot ik, 201 9L), Mild heat treatment
con induce  hent tolerance under heat  stress and  acquire
thermo-tolernnce in plant, ond as result cnn elevate cellular mechanism
that prevents oxidntive damage due to ROS such ns hydrogen peroxide
Cavzolad sl Meder, 2006), Similar with our results, previous studies
indicated that the level of hydregen peroxitlein hent trentment frudt wos
lower as compared to the non-treated fruit during stornge, and
liear-traated fiudt necumulated less than the non-treated fruit (Virente
st al,, ooy Bdes et al,, 015, D),

4.6. Changes in antioxidant copacity

The level of antioxidant capaeity 51 fruit stored at 10"C decreased
untit 5 d a! then increased slighdy during storage duratiozn, In contiust,
now-treated fruit at 1°C decreased during storage and was lower s
compaged to fruit ot 10°C. However, the fuit treated with hot water
tncrensed gradunlly throughous sterage period at 1°G, being the level
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Fig, 3. Effects of storage tempernture aud
storage durntion on pulp and seed browning (A}
andl pulp lightness (B) iy eggplont fuit. Fruits
were stared for 16 at 30 or 1 *Cor | “C after
hot water treatment at 45 *C for 10min. Data
are means L S.E, of tree replications. Within
the sante sampling day, neans with the same
letter indicate no significant differences be-
tween treatments at the 5 % level, Storage at 10
C: white bam; storage at | “C: shaded bar;
storage at 1 Cafter Lot water ireatnent; hlack
bars.
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menstred npproxinmtely 1.3 times as high as the initinl {Fiz. 5). The
significant differences were statistivally found in the leve} of between
hot water treated fruit nnd non-treated fruit during 1°C storage (Fiz. 5},

Antioxidant capneity of hortieultusnl crops indicates on overnl]
content of bioactive compounds such as ascorbate, glutathione, to-
copherols, caratenoids, and phenolic compounds (Cleit o al,, 2034),
Thee is the correlate relationslsip between antioxidant level and anti-
oxidant capneity. The tolerance to exidative stress, which caused by cokd
starage is velated with entioxidnnt eapaeity, control of ROS preduction,
und level of membrane composition. The redox status of herticulurml
crop is controlled by antioxidant level it: cell. Cold-tolewant erop initinlly
contnins and/or produces more antioxidant compounds during cold
stiess or generate fewer ROS more than cold-sensitive crop (Hodges,
2014; Endw 1 nl,, 204 94, b), Antioxidant compounds during cold stor-
age renct to mitigate Cl. Temperature stiess a3 cold stress or lieat stress
changes the equilibriun: between ROS production andd antioxidant ne-
tivity {Eircdo ot l,, 2019, b).

3.7, Changes in total phenolic content

The content of tate] phenolic in fruit swred at 10°G was reduced

graduaily during storage duration. [n contrust, non-treated fruit at 1'C
significantly decreased during stornge and was lower ns compared to
fruit stored at 10°C. However, the fruit trented with hat water decrensed
util 5 d andd then increased gradually throughout stoage period at 1°C
(Fiv. bA). The significant differences were stutistically found in the level
of betwean hat water treated finit and non-treated frult during 1°C
storage (Fip. 6A). Our results indicared thot oxidation of phenolic
compounds and brownitg of pulp tissue proceeded in nen-treated fruit
during 1°C storage, and on the contznry, that inhibited by hot water
treqtiment,

Plants have two protective systems to defense against ROS, One is the
enzymatic antioxidant system comgosing the nctivity of antioxidant
enzymes which renct with ROS using antioxident compounds such ns
ascorbate-glutathione cycie. Another is the non-enzymatic antioxidant
system consiating with the presence of nntioxidant compounds such os
nscorbate, ghutathione, pherolics, tniotenoid and tocopherol (Lua et ol
201R). Eggplant fruit includes abundont contents of phenolic conm-
pounds which lave antioxidant activity. Phenolic compounds have
impottant biclegical fictions ns antioxidant and ROS seavengers and
protect pants ngainst stress (Cenesllén of al, 2012 Shimgmn etal,,
2013}, The change of phenolic eontent showed a similay rend to the
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Pig, 4. Elfects of storge tempermture nnd storage dorntion on hydrogen peroxide fevel in eggplunt fruit. Fruits were steced for 15J at 30 or 1 "Cor | C nfter hat
swater trentment at 45 G for 1 Ginin. Data are nteans L S.E. of three replications, Within the sante smnpling doy, means with the same letter indicate no significant
differences between treatruents at the 5 % level. Storage at 10 C: white bars; storage at | 'C: shaded bars; storage at 1 "G after hot water treatment; binckt bars,
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Pig. 5. Effects of slorage tempernture and stornge duzatiei on antioxidant capacity in eggplant fruit. Fruits were stored for 15 d at 10 or | *Cor i - Cafter hot water
treptment at 45 'C for 10min. Data we menns 4 S.E of three zeplications, Within the same sampling day, menus switl the same letter indicate ne significant dil-
ferences hetween treatments at the 5 9 level, Storage ot §0 C: white bars) storage at 1 *C: shaded bars; storage af 1 °C ofter hot water treatment; black bars,

cliange of antioxidant eapacity during storage (Figs. 5 and GA). Strong
relationship between phenolic content and aatioxidant activity is re-
ported in hortieultural exops (Hanson ot ok, 2006}, Phenolle compounds
provide antioxidant potential as streng non-engymatic antioxidant
(Weony et nl, 2021). Hot water beatment also prometed antioxidant
activity, which resulted from the promwotion of non-enzymatic com-
pounds levels,

The incrense of phenolic coment induced vseful effects in the resis-
tance o stiess die fe enbancing antloxidant potentinl. Thus, the

necustulation of phenolic compounds during low temperature stornge
responded (o enhance cold tolerance (Wany et ol., 20213, In cold stornge
of pench fruit, hot water treated fruit increased phenolic compounds
contents compared to non-trentment fruit, maintuined elevated fevel of
phenolic, and prevented the decrense of phenclic content. Hot water
treatment induced the phenalic metabolism, promoted the ncevmula-
tion ef phenolic compounds, nlieviating Cf during cold storage in peach
fruit (Wony bl 20213, In this study, the decline in the levels of tetal
phenolic compounds was prevented by lot water treatment during cold
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Fig, 6. Bffects of storage lemperature and
storage duration on total phenelic level (A) and
phenylalanine ammonindyase activity (PAL)
(B) i1t eggplant [ruit. Fauits were stored for 15
dat 1001 1 "Gor | "Cafter hot water treatment
at 45 °C for 10min. Date are means L SE of
three replications. Within the saine sampling
doy, means with the same letter indicate no
significant differences between tientments at
the 5 % level, Stornge at 10 "C: white bas;
storage at 1 C: shaded bags; storage ot §°C
after bot water trentment; hiack bars.
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stornge, indieating that hot water treatment maintnined higher levels of
phenolic eompouuds then non-treated fruit, thersby contributing
directly te the seavenging of ROS duriug Jow temperature storge. It has
been indicated that incrensing non-enzymwatic antioxidant levels by
ather exogenous trentments was reluted with enhancement of Ci miti-
gution in horticulteral erops during cold stomge (o ot ul, 20163 The
phenolic level in plant tissues is relnted with biosynthesis metnbolism.
The biosynthesis of phenolic compotuids is regulated by the activities of
enzynes involved in phenolic metabolism (Wang «f ol 2021),

The chnnge of phenclic content indicated an opposite rend to the
clinge of hydrogen peroxide content during storage (Fgs, < axl GA),
Plienolic compotnds prevent eellular exidative damnge which causes by
cold stress, Oxidation of phenolic compound by cold stress during
stolage relates with the production of kydiogen peroxide and ather ROS,
and it lnduces the raise of oxidative stresa in pinnt (Gue «t ol 2000)
Aceumulation of phenolic compounds jin hot wwater treated fruit played
stgnificant roles as enhinncing natoxidant eapucity nnd scavenging ROS
such s hydrogen peroxide (W vt 1, 2021). Thus, hot water treat-
ment maintnined higher levels of total phenolic compounds and pre-
vented the decrense of phenolic compounds during storage, ns a result

higher phenalic content in hot water treated fruit than nen-treatment
fruit could allevinte the severe of Cf during cold storage.

3.8, Ghanges in phenytolanine anmiorio-lyase activity

In fruil stored at 10°G PAL nctivity decreased after 5 d and then
gradually increased druing storage, On the coatrary, PAL netivity in non-
treated fruit at 1°C gradunlly decrensed until §0 d nnd then slightly
incrensed but indicated Lower level than other trentments uatil the end
of storege period at 1°G. However, jo fruit trented with hot water, PAL
activity sharply ineressed ot 5 d compared with the initial level and then
deerensed bul indicated higher level than ather trentments by the end of
storage period at 1C (Fiz 68). The significant differences were statis-
tically found in PAL activity between hot water treated fruit and noo-
treated fruit during 1°C stornge {¥iy. 18},

Previous studies showved that the inerense of enzyme activity related
swith phenolic metabolism enhanced chilling olerance in horticultum!
crops aml ffected the necumulntion of phenolic compounds (Wany e
ul, 2021), PAL s one of crucial enzymes involved in phenolic meta-
bolism. 3t is a key enzyme of phenylpropancid pathivay and reacts the
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Fisst step in biosynthesis of phenolic compounds in plant (Lo et al,
2008). PAL activation is one of potentinl defense against various stress
conditions in plants {Chon et al, 2008 Shi et ol 20183, The level of
phenolic compounds in plant comrelates with phenclic metabolism
inchuling PAL enzyme, The activation of PAL and accumulation of
phenclic compounds are related to the resistance fo stress
(Sinchez Hodiiguez et al, 207 1), Heat trentment indueed the tolerance
of chilling stress by incrensed gene expression and enhnnced netivity of
PAL in cold stored banana fruit (hew et al., 2008), in peach fruit during
cold stomnge, the elevation of PAL activity by hot water treatment
cortelnted with the accumulation of phenclic compounds nnd contrib-
wted to the protection of cell membrane and dhe allevintion of Cl (Wang
et al, 20210, The biosynthesis of phenolie compounds is regulated by
PAL, which acts an dmportant role in phenolic metgbolism. Thus, the
incrense of PAL activity by Lot water trentment induced phenolic
nccumulation, and as result could contribute to the membrane protec-
tion and CI alleviation in hot waler treated eggplant fruit during cold
stornge.

4, Conclusions

The results of this study indicated tlint hot water trenfment at 45 G
for 10 min effectively enhunced chilling tolemunce and mitigated Gl in
eggplant fruit during cold stornge. This non-damaging heating condi-
tions induced a moderate stress and promoted antioxidant vesponses.
Hol water treatment triggered the phenolic metabollsm, enhanced
phenalic accumulation, and reduced the increases of electrolyte, MDA,
and ROS such as hydrogen peroxide under cold stress, In adidition, kot
water treatment in our sty is o snfe frentment, technology cheaper,
easier, aml mere fensible, md can promise as proceeding for improving
eggpiant fruit quality, Furthermore, this study has new insights into the
physiological role of hot water trentment and ean conniibute to o more
in-depth understanding the role of hot water treatment in fruits and
vegetnbies at physiological level.
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Abstract

Ma-Khaen (Zanthoxylum limonella Alston) is a local plant that found in Northern Thailand,
It is a spice that has been used for enhancing the favor of local food. The aim of this research
was optimized binder agent for seasoning development from Ma-Khaen, Three kinds of
binders: tapioca starch, corn starch and wheat flour were studied in comparison with control
group (No Binder). The product dimension was 2.5 x 3.0 x 1.0 centimeter, each cubes net
weight was 10 grams, The average of water activity was 0.58, the solubility test at 80 °C of
water temperature, wheat flour products were the fastest dissolving agent (8 minutes)
followed by corn starch and tapioca starch, The sensory perceptions on colot, scent, taste
overall of each scasoning of Ma-khaen with tapioca starch, com starch and control sample were
accepted moderately tolerant binder, whereas, wheat-based products were less acceptation,
The com starch which more accepted moderately and solubility was the most suitable binder
for bouillon cube products from Ma-Khaen.

Keywords: Binder; Bouillon Cube; Ma- Khaen (Zanthoxylum limonella Alston)
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