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Effect of On-site Postharvest Hot Water Treatment on Storage Quality of
Commercial Greenhouse Satsuma Mandarin

Hyun-Hee Lee, Seok-In Hong*, Seok-Min Son', and Dongman Kim

Korea Food Research Institute
'Department of Food and Biotechnology, Hoseo University

Abstract Greenhouse satsuma mandarins (Citrus unshiu Marc., cv. Gungchun) of an early harvesting cultivar were
treated by hot water showering at 65°C for 10s at a commercial scale in a packing house and then stored at 5°C for 3
weeks and subsequently at 18°C for 1 week (simulated shelf-life) to examine the potential use of hot water treatment
(HWT) as an environmentally benign method to maintain mandarin quality characteristics during postharvest storage and
sale. The respiration rate just after heat treatment or during storage was at a similar level in both the treated and untreated
fruit. HWT also had no detrimental effects on quality attributes including pH, titratable acidity, soluble solids content,
weight loss, firmness, and peel color. The development of stem-end rot, mold decay, and black rot was lower in the heat-
treated fruit compared to those in the untreated control. A sensory evaluation showed that HWT markedly improved fruit
appearance, making the fruit cleaner and glossier. The results suggested that HWT can be applied to satsuma mandarin as
an effective pretreatment to maintain postharvest quality during storage and marketing.

Keywords: Satsuma mandarin, hot water dipping, postharvest treatment, decay control, citrus fruit
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Aol A AEA R BAITke] A4AE A=
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A eFEe gow dgAe 49 S F AY F
FA54 vake Bast
ME 2w
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AF AAZ 555 A AN Auje F3H 28T
FAES 9gx T AlE e A7l 612 mm
1 F2F AN FBHETE: oF 10092 Tl o T wAg 7]
AR g 9 el SIS ALt A SRk A

ato] gl ARg-sIA.

Rl

AT AAE 2147] FedEd el dabdels 71
2 Aol oF 65°C B57F te] =S Tl EE A
A0 344 €2 (brushing)o] HEE EFAXE WA
& oF 102 &bl AlE7E Fet= =l
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ATk APz oldE 2F7FE AMES AX 54 FF
AR 5mm) AEEZNDALDPE) Z-EE-F(300x500 mm)°ll
2570 wol EAT & 5°C(87+£3% RH)oIA 357}, ©]F 18°C
(58+4% RH)AA 157 AshiA] F7|H o2 FHAEA WHels
23t BA48 AERE A F 24 AETEE vl 2
T2 gz HAAst] F 50709 S AR-EITh

IFES dHA=" # A5 oAt skt
, AEE Aol ARE f8 &71(1.9 Lyl AA AH 9 12
1 ARG, oF 05kg)E WL L83 § 5ocel] wat

HA| AAIH o2 g7 ZIAIZ(SF 200 L AF)S GC(GC-
14A, Shimadzu, Kyoto, Japan)2 #2443l 0, 74 2 CO, 24
9] TEEE9} FEAFRQ=CO, F2HE/0, 25 84)E A4
o}, olu] GC ¥4ZAL detector: TCD, column: Alltech CTR 1,
column temp.: 35°C, injection temp.: 60°C, detector temp.: 60°C,
carrier gas: 50 mL He/min®]${T}.

AFTZ 209 2ARTAA 242 i s FARE A9
ste] FEHRES F87](MR-430, Braun, Frankfurter, Germany)©l
Q9 43| vt 253 & pH meter(model ARI1S, Fisher
Scientific, Waltham, MA, USA)Z ©|-&-3lo] #5¢] pHE =435}
Act. A s 2 20mLE 0.1 N NaOH £ =2 pH 82
7] At AvjE 8A FS citric acid %2 FFSte] A
sinh 7188 PR T AETE TR 2 RS
Aeste] ASHE 71 25T T refractometer(N-1E, Atago Co.

Ltd., Tokyo, Japan)= Z4 3t °BxZ LERNATH(13).

AA T s 98 X4S AAST & AR TENs &
Aot 2 AaEs AR A 27 % @ol dd H9EE%)=E
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Fig. 1. Changes in respiration rate of greenhouse satsuma
mandarin with hot water treatment (field test) during storage at
5°C for 21 days. (A): measured after heat treatment, (B): measured
after storage of 21 days at 5°C.
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Table 1. Changes in quality attributes” of greenhouse satsuma mandarin with hot water treatment (field test) during storage

. Titratable acidity Soluble solids 2) Weight loss Firmness
Stozgge t)lme pH %) content ("Bx) SSC/TA (%) (mm)

ays

Y Control HWT® Control HWT Control HWT Control HWT Control HWT Control HWT

0 3.59+ 3.53+ 0.54+ 0.53+ 1048+ 10.54+ 1925+ 1991+  0.00+ 0.00+ 5.02+ 4.63+

0.16cA? 0.01bA 0.03aA 0.02aA 0.55aA 1.11aA  1.01cA 2.11cA 0.00eA 0.00eA 0.65aA 0.84aA

7 at 5°C 3.73+ 3.69+ 0.47+ 047+ 1030+ 10.60+ 21.80+ 2236+ 0.79+ 0.86+ 4.80+ 5.09+

0.15bcA  0.08aA 0.01bA 0.02bcA 1.12aA  0.90aA 2.38bA 1.90bcA 0.06dA 0.04dA 0.34aA 0.60aA

14 at 5°C 3.71+ 3.75+ 0.49+ 0.45+ 11.04+  10.32+ 2239+ 22.86+ 1.75+ 1.85+ 5.18+ 5.00+

0.04bcA 0.04aA 0.02bA  0.04cA 1.07aA  1.30aA 2.16abA 2.87abA 0.08cB  0.10cA 0.91aA 0.42aA

21 at 5°C 3.79+ 3.70+ 0.47+ 049+ 10.16£ 1096+ 21.85+ 2228+ 3.05+ 3.08+ 4.99+ 4.73+

0.12abA  0.03aA  0.04bA 0.02bA 0.66aB 0.19aA 1.42bA 0.40bcA 0.44bA 0.40bA 0.44aA 0.60aA

21 at 5°C+7 at 18°C 3.90+ 3.78+ 0.43+ 045+  10.52+ 11.34+ 2435+ 2534+ 7.02+ 6.92+ 4.66+ 4.98+

0.05aA  0.13aA 0.00cA 0.03cA 0.71aA 0.54aA 1.65aA 1.21aA 092aA 0.33aA 0.45aA 0.79aA

"Data represent the mean with standard deviations

of three measurements. Means followed by the same capital letter within a row are not
significantly different (»>0.05, Duncan’s test) between samples. Means followed by the same lower-case letter within a column are not significantly
different (p>0.05) over the storage time.
ISSC/TA: a ratio of soluble solids content to titratable acidity
YHWT: hot water showering at 65°C for 10 s with brushing in a packing house
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Fig. 2. Changes in decay ratio of greenhouse satsuma mandarin
with hot water treatment (field test) during storage at 5°C for 21
days and at 18 for additional 7 days.
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Ae AH s wet FEAstel BAxrE STk AY 7
2% % 9t} Fortune % 7ZH&(21)7 Blood 23] (22)2] 7

T GAe & FF dado] molov, Fd(kumquate)?} Marsh
L 2Yo|ZZREQOCINE TY Aago] Loyl I A
59 A%, Valencia QAAZ 45°ColA 1287 I A3 A
$ o gz oy 53°colA 1287 HEg FSolle SEtA
3 AL} Gold © W (23), Oroblanco 78S 53°CollA
287 E AP IE wole viRTRg A=rt 88 Eolxtt
HIFEATH20). ©1FE% A & FFHAre} A= Wt o
Al e 2 Xzl gk 7ol wkgo] th27] o
o2 gxjzlo tig U] Fol¥el wke-e sl A A

A &k A MW, 283 At e a4
o] E¥tElo] thEA yEhdtH24). B3 EFAME e A
| A= G2E o A A Foll A7 Bold Azl
< #dsH vt 23E Yeh7] wiEd], FESEe got
Fag Aleia Felu AdE AT S ATH(5,7,2021).
Aol EFEATR FH Fado] TAHAY Axvt =
oA ok, ol A 2FrEe] AHo| gl Tl
EI gE ZgRd vE vwA A2gs el st Hoelr] Wi
o= oFETh(25). TS GXY & HI9 g Fo| T F
A ol APAHEA F37) Rz vEd, AAR 52000 2
B X E 8 F A 2
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o] A% 7 A dAFsH FAEA=H, AAZ S g
o] A ¥ e HA AR Fo Lo} axe 747
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orog o@A} Wals I A3 oEle 0] tH(Table
2). 2AA 25722 T2 FRel vg o] ks &
Jejell A 8] wE] Bud] F2 =) o] B
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B =T are WA BAEATH
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Z 3FACl Fxe Rl B SA7 el Algst
Rom, FEIES IHsI AFYLEE 5°ColA 18°CE et
4FFI T Zx] A FFo] AL AY S BF 10% P
FEg U ol FAsh A F53 vk E 24
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Table 2. Changes in peel color” of greenhouse satsuma mandarin with hot water treatment (field test) during storage

Color parameters
Stozgi}e/ St)ime L a* b
Control HWT? Control HWT Control HWT

0 72.10£1.17bcA 72.76+1.38aA 10.43£3.49aA 7.21£3.10bB 68.55+2.04bA 68.91£2.08cA

7 at 5°C 73.07+£0.98abA 72.29+1.62aA 8.66+2.89aA 9.01£2.37abA 73.39+1.86aA 71.24+2.28bB

14 at 5°C 71.60+1.37cA 72.50+1.99aA 10.23+£5.38aA 8.39+4.11abA 73.33+£2.36aA 72.98+1.98aA

21 at 5°C 72.16£1.27bcA 72.26+1.88aA 8.4143.15aA 9.74+3.57aA 72.42+1.90aA 71.58+£2.38bA

2l at5°C+7at 18°C  73.40+1.31aA 72.63£1.27aA 9.20+3.40aA 10.40+2.51aA 69.52+1.99bA 69.48+2.12cA

YData represent the mean with standard deviations of three measurements. Means followed by the same capital letter within a row are not
significantly different (p>0.05, Duncan’s test) between samples. Means followed by the same lower-case letter within a column are not significantly

different (»p>0.05) over the storage time.

PHWT: hot water showering at 65°C for 10 s with brushing in a packing house
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Table 3. Changes in sensory scores" of greenhouse satsuma mandarin with hot water treatment (field test) during storage

Visual attributes

Stozgi;t)ime Discoloration Wilting Gloss Overall quality
Control HWT? Control HWT Control HWT Control HWT
0 1.4bA 1.1bA 1.9aA 1.4aA 4.6abB 6.3aA 6.8aA 7.5aA
7 at 5°C 1.9bB 2.4abA 1.8aA 1.6aA 5.4aB 6.7aA 7.1aA 7.5aA
14 at 5°C 2.9abA 1.6bB 3.1aA 2.3aA 4.9abA 5.9abA 5.4bA 6.6abA
21 at5°C 2.3abB 3.1aA 2.3aA 2.6aA 4.0bB 5.7abA 5.5bB 6.8abA
21 at 5°C+7 at 18°C 3.7aA 3.1aA 3.3aA 2.9aA 3.4cB 4.8bA 4.9bA 5.7bA
Table 3. Continued
Organoleptic attributes
Sto&aigst)ime Firmness Peelability Sourness Sweetness Texture Juiciness Overall quality
Control HWT Control HWT Control HWT Control HWT Control HWT Control HWT Control HWT
0 5.1aA 59aA 53aA 5.6aA 52aA 4.7aA 59aA 62aA 6.0aA 69aA 6.8aA 7.laA 62aB 7.2aA
7 at 5°C 4.5aA 4.6aA 59aA 6.0aA 4.4aA 39aA 58aA 5.6aA 54aA 53aA 64aA 6.9aA 5.7aB 6.5aA
14 at 5°C 4.6aA 5.1aA 42aA 5.l1aA 44aA 52aA 55aB  6.l1aA 57aA 6.3aA 62aA 6.6aA 6.3aB 7.2aA
21 at5°C 3.1bA 4.1aA 54aA 4.6aA S5.1aA 44aA 49aB 6.0aA 5.0aA S52aA 54aA 6.4aA 58aA 6.0aA

21 at5°C+7at 18°C  3.6bA 3.9bA 59aA 4.7aA 3.1bA 3.8bA 52aA 5.8aA 5.1aA 5.6aA 5.1aA 59aA 5.6aA 5.9aA

DThe values are the mean of 10 replicates at least. Means followed by the same capital letter within a row are not significantly different (p>0.05,
Duncan’s test) between samples. Means followed by the same lower-case letter within a column are not significantly different (p>0.05) over the
storage time. As the value increases from 1 to 9, the intensity of sensory characteristics increases.

PHWT: hot water showering at 65°C for 10 s with brushing in a packing house
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He Fds vEe o=, o) WHdo] AR £ e 3 A3 AT = FH2] gzt ws) HAs A d4
o} 713 HelEozA UFe| Woluhe AT AIE F o AT Fewst AAFA FAYIN £ ke we 2
Th5,7,2021,24). o] at E9le] WP WdF AP Ao I o= wusoe] F3 T eFgEe] tat ArAee] I 7
< Fo] gorm whe FA| AFS 2ty AFolE AR T AE FAT 5 Ak
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