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Effects of hot water treatment on postharvest rot and
physiological characteristics of kumquat fruits
LIU Ping, HE Jianjun, TANG Yan, FAN Qijun, NIU Ying, LOU Binghai, DENG Chongling *

( Guangxi Key Laboratory of Crtius Biology, Guangxi Academy of Speciality Grops, Guilin 541004, Guangxi, China )

Abstract: Kumquat was the type of tangerine fruit with the skin and pulp both edible, therefore the processing require-
ments for the postharvest treatments are extremely strict. The present research treated kumquat ( Fortunella crassifolia)
with hot water using three temperature gradient, 30, 40 and 50 °C , respectively. The fruit rotting rate, weight loss rate,

soluble solids, hardness, organic acid, cell permeability and the changes of antioxidant enzyme activity were
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investigated. The results showed that the total acid content was maintained at 0.3% during the storage process. After hot
water treatment, the total acid content was slightly lower than that of the control, and the soluble solids content was a-
round 18% and not significant compared to the control. The hardness of the treated fruits was first decreased and then in-
creased during storage, but the hardness of the heat—treated fruit was higher than that of the control group during the
whole storage. The leakage rate of cell membrane first increased and then decreased, and the hot water treatment could
delay the peak time. The fruits CAT activity of the 40 “C and 50 °C hot water treatment were lower than that of the con-
trol. During the whole storage period, the fruits POD activity was lower than that of the control after hot water
treatment. Hot water treatment could increase the kumquat fruit SOD activity, and with the increase of storage tempera-
ture, the effect was enhanced. Hot water treatment could increase the H, 0, content of the fruit and thus induce a series
of physiological effects. However, the temperature and the duration of hot water treatment should be correspondingly ad-

justed. This study showed that, for the fruit harvested in March, if the hot water was higher than 40 °C , the processing

38 &

time should be longer than 5 min, which could effectively reduce the rate of fruit decay.

Key words: hot water treatment, kumquat, rotting rate, quality,defense enzyme
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Table 1 Effects of hot water treatments on decay rate of kumquat fruit harvested

in January and stored at ambient temperature (%)
Ab ¥ I 38 A 7] Storage time (d)
Treatment
1 7 14 21 28 35 49 60
30 °C 3 min Oa 1.5b 2h 2¢ 2.5be 3cde 14.5 26b
30 °C 5 min Oa 2.5a 4.5a Sa Sa 6a 11be 11.5¢
30 °C 10 min Oa 0.5¢ 3.5 3.5 3.5 4.5abc 7 12f
40 °C 3 min Oa 0d 1.5be 1.5¢d 4.5a Sab 12b 23c¢
40 °C 5 min Oa 0d 0.5¢d 0.5de led 2.5de 7.5d 20.5d
40 C 10 min Oa 0.5¢ 1.5be 1.5¢d 1.5¢d 2def 6.5d 17.5e
50 °C 3 min Oa 0d 0d Oe 1.5¢d 3.5 15.5a 39a
50 °C 5 min Oa 0.5¢ 0.5¢d 0.5de 0.5d 1.5ef 3e 8g
50 °C 10 min Oa 0d 0d Oe 0d 0.5f 2e 6.5g
CK Oa 0.5¢ 1bed 1.5¢d 1.5¢d 1.5ef 9.5¢ 23.5¢

1 ARG FRERR A — IR A AR BRTE P<0.05 /KPR . TIH,

Note ; Defferent lowercase letters indicate that different treatments at the same time had significant differences at P<0.05 level. The same be-

low.
R2 AFEBERKLEN2 ARREZEINE TEHRIEERNZMN
Table 2 Effects of hot water treatments on the fruit decay rate of kumquat fruit
harvested in February and stored at ambient temperature (%)
e It 5 1] Storage time (d)
Treatment
1 7 21 32 42 50 56 64
30 C 3 min Oa Oc Se 16cd 26¢ 36b 42¢ 52¢
30 C 5 min Oa Oc 8d 17¢ 23d 29¢ 33e 39%e
30 C 10 min Oa Oc 17b 3la 40a 49a 59a 66a
40 °C 3 min Oa Oc 4ef of 18e 27d 37d 41d
40 C 5 min Oa 3a 20a 22b 23d 24e 31f 35g
40 °C 10 min Oa Oc 3f 8f 11g 14h 27h 32h
50 C 3 min Oa Oc 3f 15de 32h 49a 51b 62b
50 C 5 min Oa Oc 3f 8f 15¢ 22f 26h 38ef
50 °C 10 min 0a le 3f 8t 12¢ 16 19i 27i
CK Oa 2b 1lc 14e 18e 22f 29¢ 37f

22 AEEEHKLIEXN RLFEER KB K /N FEUE K9 L 2 30 .40 .50 °C H K Ab B F% IR 5L 52 &
A0 SR 25.9% 29.6% 16% Fl 55.6% , 1% F
HE LD, SR S K 5 8 K, &AL B RSS2 R 240 1R 100% |
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Table 3  Effects of hot water treatments on the fruit decay rate of kumquat fruit harvested
in March and stored at ambient temperature (%)
I 3BE RS E] Storage time (d)
fb ¢
Treatment
1 7 17 25 39 46 56 61
30 °C 3 min Oa Oa Oe 9cd 22b 24c 26d 29cd
30 °C 5 min Oa Oa 9a 12b 21be 22de 24ef 26e
30 °C 10 min Oa Oa Oe 8de 20cd 2le 23f 25e
40 °C 3 min Oa Oa 2d Tef 22b 26b 28¢ 28d
40 C 5 min Oa 2a 6b 10c 22b 27b 30b 32b
40 C 10 min Oa Oa 6b 9cd 19d 22de 25de 25e
50 C 3 min Oa Oa 4c Tef 19d 26b 28¢ 30c
50 °C 5 min Oa Oa 6b 9cd 20cd 23cd 28¢ 28d
50 °C 10 min Oa Oa 3ed 6f 12e 13f l4¢g 16f
CK Oa Oa 10a 14a 27a 29a 32a 34a
120 ¢ 30°C @40 °C @50 °C 2.5
o o St NG Oso°c M40°C A50 °C Mk
L ap @& 2ppad apaa
g 100 et : 220 o ae
o &
S 80 Fe b _ B
B2 i Setsy
k2 e} a K5 s
42( = b "o aaaa
2 40t Co g 10 aaan oo 2222
© b 2
& b @
0 1 1 1 1 1 O 1 1 1 1 1
5 6 7 8 9 10 5 6 7 8 9 10
YEFhATE] Days after treatment (d) $EFhATE]) Days after treatment (d)
BT AN TR R AR A 3 2 30 5 4 A SR S5 75 59 A0 1 00 Y 52 i)
Fig. 1 Effects of different hot water treatments on disease development in kumquat fruit during storage at ambient temperature
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Fig. 3 Changes in firmness and membrane permeability of kumquat fruit with different treatments at ambient temperature
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Fig. 4 Effects of different hot water treatments on

POD activity of kumquat fruit during storage
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Fig. 5 Effects of different hot water treatments

on SOD activity of kumquat fruit during storage
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Fig. 6 Effects of different hot water treatments on CAT activity

in kumquat fruit during storage

g

—4—30°C —k—40°C ——50C

“efy- CK

¥ —)
3
Hydroogen peroxide (pumol

23
M5 AT/8] Storage time(d)

27 31

K7 ok Aab BB RER S H,0, 5 B B9
Fig. 7 Effects of different hot water treatments on H,0,

content in kumquat fruit during storage

Th, X5 F#4 (2016) F1 T 555 (2013) ffF 55 —
., X AT AR P AR e #AGE A B A 4 M SR S 57 3
Jilrie, TG 3 & H, 0, B A B, H, 0, R 15 5 47 T
P FAE Y = — R NP0 N, 2 B 40 A AR
SEE R SR SR R AT 8 e SR S It (R
ZARIN H, 0, 4 AR WL A% 58 R A LA B 1
FH, WAR B 7K N B9 SOD  CAT F1 POD %5 31 & 1L 9y
it AT AT RPN HL0, 1 SF- i, iR 50 B gE B, A
FRAL IR SE POD & PEAR T BRI 52 W3 17 K
AbHR S SOD 3 AR T X BR | CAT 36 P 5 X BR
X5 PV 7 % (2012) 76 & M Fl = 14 55 (2014)

FEARPEIR A T AT, 1 H B AR £ M R
SERLFRIR K 30,40 150 °C, AL FERFE] K 5 min
5 10 min A FEAR R S8 2 58 %0 T 2 A W1k Uiy
HRSZ,40 CH 50 C KA 10 min A A R FEAR
TR T 3 A WR M R SE Y kb 2
K3 50 °C, AL BEEF A5 E) 10 min, A 0] A SRR

SE .

ALIQUE R, ZAMORANO JP, MARTINEZ MA,
2005. Effect of heat and cold treatments on respiratory metab-

et al,

olism and shelf-life of sweet cherry, type picota cv “ Am-
brunes” [J]. Postharvest Biol Technol, 35:153—-165.

EZZ TM, RITENOUR MA, BRECHT JK, 2004. Hot water and
elevated CO, effects on proline and other compositional chan-
ges in relation to postharvest chilling injury of ‘ Marsh’
grapefruit [J]. J Am Soc Hortic Sci, 129(4) :576—582.

GUSTAVO AM, CIVELLO PM, 2008. Effect of heat treatments
on gene expression and enzyme activities associated to cell
wall degradation in Strawberry fruit [ J]. Postharvest Biol
Technol, 49. 38-45.

HANSEN JD, HEIDT ML, NEVEN LG, et al, 2006. Effect of
high—pressure hot—water washing treatment on fruit quality,
insects and disease in apples and pears Part Ill. Use of sili-
cone-based materials and mechanical methods to eliminate
surgace pests [ J]. Postharvest Biol Technol, 40;221-229.

HONG SI, LEE HH, KIM D, 2007. Effects of hot water treatment
on the storage stability of satsuma mandarin as a postharvest
decay control [ J]. Postharvest Biol Technol, 43.271-279.

LUO ZS, XU TQ, XIE J, et al, 2009. Effect of hot air
treatment on quality and ripening of Chinese bayberry fruit
[J].J Sci Food Agric, 89. 443-448.

LIU P, FAN QJ, NIU Y, et al, 2016. Effects of calcium hypo-

chlorite treatment on postharvest decay and defense enzyme



8

HPEAE . BORAE B G AR

SRS B R B AR BRI A4 5

1049

activity of kumquant fruits [ J]. J Fruit Sci, 33(9).1148-
1155, [ X, b, B3, 2%, 2016, YRR EG AL B
AR R AT R A BRS PR E 0 [T ], SR,
2016, 33(9) :1148-1155. ]

LI MJ, LIU GH, HE XH, et al, 2012. Effects of rain shelter
cultivation on quality of Fortunella crassifolia fruies during
the tree storage [ J]. N Hortic, 4:149-153. [ ZEHHIE, XIAR
e, fapEie, A, 2012, JhERE RS X A BA AR (R e RS
By [J]. AT 2, 4:149-153. ]

LI HS, 2000. Principles and technology of plant physiology and
biochemistry experiments [ M ]. Beijing: Higher Education
Press: 164-168. [ 4544k, 2000. fE 44 H1A: AL 9250 I 3
AEEAR [M]. JE50: S SEE L 164-168. ]

MA QS, SUO JT, HUBER DJ, et al, 2014. Effect of hot water
treatments on chilling injury and expression of a new C -
repeat binding factor (CBF) in * Hongyang’ kiwifruit during
low temperature storage [ J]. Postharvest Biol Technol,
97(11) :102-110.

PANG LY, ZHAN LJ, LI Y, et al, 2012. Effects of different
heat treatments on storage quality of Kumquant [ J]. Food
Fermn Ind, 38(11):211-214. [ Je¥i ==, EHILH, 255,
5, 2012, AN [RVEAA BT A7 IR AR [0]. B
HEmET, 38(11) :211-214.]

QIAN CL, HE ZP, LIN ], et al, 2013. Effect of hot air treat-
ment on the quality and reactive oxygen species metabolism of
cold stored Huanghua Pear fruits [ J]. Food Sci, 34 (2):
303-306. [ T, (6, #ha, 45, 2013, $AAb3ExT 3
AERL TR 5 A P A S ()], iRk, 34
(2):303-306.]

SHAO XF, TU K, JING W, et al, 2007. Effect of per—storage
hot treatment on the blue mold rot of “Red Fuji” apple fruit
[J]. Acta Hortic Sin, 34(3) :743-746. [ #2406 B HE,
5, 4§, 2007. A BXTLT R LS 0 16 7 A 40

HPERT [J]. B2, 34(3) :743-746. ]

TAN Y, WANG MS, LU M, et al, 2014. Effects of different
dormancy—bieaking treatemts on H,0, content and acticity of
related enzymes of dormant nectarine buds [ J]. Chin Agric
Sci Bull, 30(28):128-132. [ 4, L4, HEh, 4,
2014. A[RIBEARALFRXHMBRRAR ZE H, O, 7 it S AH i 1%
PERYSZN [J]. T EACS A, 30(28) :128-132. ]

TIAN SP, LUO YB, WANG GX, 2011. Biological basis of hor-
ticultural products [ M ]. Beijing: Science Press: 43 —44.
[ HHHF, B i, £5t6, 2011 b 207 0ok G R Y
fith [M]. JE50: Blegmifat . 43-44.]

WANG SJ, CHEN M, CHEN JY, 2012. Effects of salicylic acid
treatments on postharvest physiology and storage of ‘Suichuan
Kumquat’ fruits [J]. J Fruit Sci, 6:1110-1114. [ IR, B
W, BWREREN, 2012. AR ¢ 251 At SRS A BRIk
sz (1], BeEd, 6:1110-1114.]

WANG J, MAO LC, LI XW, et al, 2016. Reduction of active
oxygen melabolism and mitigation of chilling injury in Hami
melon fruit as influenced by postharvest hot water treatmnt
[J]. Trans Soc Agric Eng, 32(2):280-286. [ L&, Ak
A, B, G, 2016, T H RG24 TR S5 48R
W E [1]. 4Ol TH2E, 32(2) :280-286. ]

ZHAO YF, LIN HT, LIN YF, et al, 2014. Effect of hot treat-
ment on browing delaying and phenolics metabolism in
pericarp of harvested longan fruit [ J]. Mod Sci Technol, 30
(5):218-224. [ U, PRIV, 45, 2014. #A4bPHAE L7
SRS i MR 2R 592 R B A 78 K HG 5 1y 26 1 JBOAR B 0 G &R
[J]. BUREMABHL, 30(5) :218-224.]

ZHAN 1], 2006. Effects of chitosan and heat treatment on quality
and physiology during storage and characterization of POD in
water chestnut [ D]. Hangzhou:Zhejiang University. [ ETNIH,
2006. ¢ MR X0 T 81 222 500 it 5 A A R 5 ) LA
K PPO FRERFSE [D]. HUH HTT R



