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Quality Change of Sliced Citron (Citrus junos Sieb.) according to Browning Inhibitor Treatment
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Abstract

The purpose of this study was to investigate the qualitative changes of the citron by identifying the type of solution and addition
of the solution to prevent the browning reaction of the citron in a way that inhibits the browning of the citron. The browning inhibitor
solution was investigated using the individual and mixture, and the results of the degree of browning and chromaticity showed that
vitamin C+NaCl+cyclodextrin (CD) had the lowest browning of 0.52. In chromaticity, the AE values indicate that the higher the
value, the greater the change in color, and the lowest value of the vitamin C+NaCl+CD mixture was 47.0, indicating that there was
minimal browning compared to other treatment. The active change of the polyphenol oxidase (PPO) in the citron increased enzyme
activity as the browning progressed, and the vitamin C+NaCl+CD solution was the lowest at 68.40 1/g among the anti-browning
solution. Based on these research results, it seems that the CD mixing solution can be used as a citron browning inhibitor.
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cyclodextrin2 Sigma(St. Louis, USA)O A ++%1, £85}o] o]
Sl AP A2 Qe FAALE Pl 37
SFAL, A g tol] gt AFAIRE vl Table 10 e AT

L FRESRR

AFAESUPNA

3 330 g D912 AR, 4249 29 P4 8

2 =il
3 B E SRS 7}%71] A A
;’C‘T_

3. EAEM Xalizd XA}

100 mM2] potassium phosphate buffer(pH 6.5) 50 pL2}t
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4. M

A EHO M= MX}A(CR-400m Konica, Minolta,
Japan)E ©]-&5to] SA5H3lth M= P (lighys e

Lk, A & (redness) S UEHWH+= aght 4 & (yellowness)

£ Yehj= b3he 24slgod, & AEE A oz 1}
it
5. pH, &=, ZHHE
AR 5 gS 25 mLY 2545 21 ul3t £ filter paper

(Whatman No.4)Z o745t o0 & pH, A%, ZHEE 319Q]
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Table 1. Anti-browning agent mixing ratio
Anti-browning agents" — Ingredient (5 -
D.W Vitamin C NaCl Sucrose Glucose Cyclodextrin
CON 100 - - - - -
V-1 99.95 0.05
V-2 99.0 0.05 1.0 - - -
S-1 98.5 0.05 1.0 0.5
G-1 98.5 0.05 1.0 0.5
CD-1 98.5 0.05 1.0 0.5

D CON: 100% D.W, V-1: 0.05% vitamin C, V-2: 0.05% vitamin C+1.0% NaCl, S-1: 0.05% vitamin C+1.0% NaCl+0.5% sucrose, G-1: 0.05%
vitamin C+1.0% NaCl+0.5% glucose, CD-1: 0.05% vitamin C+1.0% NaCl+0.5% cyclodextrin.
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Fig. 1. Measuring PPO activity inhibition according to
type and amount of solution used in anti-browning agents".
Y V-1: 0.05% vitamin C, V-2: 0.05% vitamin C+0.1%
NaCl, V-3: 0.05% vitamin C+0.5% NaCl, V-4: 0.05% vita-
min C+1.0% NaCl.



422 ol - 2 - 2 - d53]

Inhibition (3¢)

AFAESUPNA

G-3 G4 CD-1 CD-2 CD-3 CcD-4

Anti-browning agents

Fig. 2. Measuring ppo activity inhibition according to type and amount of solution used in anti-browning agents". " S-1:
0.05% vitamin C+1.0% NaCl+0.1% sucrose, S-2: 0.05% vitamin C+1.0% NaCl+0.2% sucrose, S-3: 0.05% vitamin C+1.0%
NaCl+0.5% sucrose, S-4: 0.05% vitamin C+1.0% NaCl+1.0% sucrose, G-1: 0.05% vitamin C+1.0% NaCl+0.1% glucose, G-2:
0.05% vitamin C+1.0% NaCl+0.2% glucose, G-3: 0.05% vitamin C+1.0% NaCl+0.5% glucose, G-4: 0.05% vitamin C+1.0%
NaCl+1.0% glucose, CD-1: 0.05% vitamin C+1.0% NaCl+0.1% cyclodextrin, CD-2: 0.05% vitamin C+1.0% NaCl+0.2%
cyclodextrin, CD-3: 0.05% vitamin C+1.0% NaCl+0.5% cyclodextrin, CD-4: 0.05% vitamin C+1.0% NaCl+1.0%

cyclodextrin.

CE IC5°] 0.05%Z, 0.1%14 98.0% EAJA| =S HYct.
NaCl9] 7§ 0.1% ©]5}2] FEofA= aAA o] 20% M
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ARst A Ao} AR5kt Fig 204+ Fig. 19]14] vitamin
C, NaCl 5= ¥ Z3HE9 sucrose, glucose, B-cyclodextring Z+
7t = giteto] Z46tlon, 11 A vitamin C 0.05%,
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Z7Fd 4 Q= AFtE 3 (Sapers & Miller 1992; Mondy &
Munshi 1993)7] 91t} 0|2} 2 @17 B0 4 hetet Az
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Table 2. Variance in pH, acidity and change in browning
of citrons according to anti-browning agent treatment

Anti-browning Acidity Optical density

agents” PH (%) (420 nm)
CON 3.2140.05%? 4244033 1.36£0.02°

V-1 3.25+0.02° 3.49+0.,08 0.87+0.01°

V-2 3.09+0.02° 3.69+0.27° 0.70+0.01°

S-1 3.10£0.01° 3.97+0.06° 0.950.02°

G-1 3.1940.01% 3.90+0.75° 0.90+0.02°
CD-1 3.15+0.15% 2.96+0.69° 0.52+0.12¢

D CON: 100% D.W, V-1: 0.05% vitamin C, V-2: 0.05% vitamin
C+1.0% NaCl, S-1: 0.05% vitamin C+1.0% NaCl+0.5% sucrose,
G-1: 0.05% vitamin C+1.0% NaCl+0.5% glucose, CD-1: 0.05%
vitamin C+1.0% NaCl+0.5% cyclodextrin.

2 Means with different letters within the same column are
significantly different from each other at p<0.05 by Duncan’s
multiple range test.
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SRIE2 A EA 0 4 £XE0] = EEE oot &
FEAS 7HAY, H=4 3HHE2] phenolic hydroxyl 7| &
off AKS}, ot 9 o 59 B Ve 7= AR
A4 Qlth(Seog 5 2002). A3 (Hwang 5 2009; Song
T 2013) Ao G2 F w9 A A4S PPO9| 71
& Z8oto] Ay Zo® Busty QAN o= 2 A+
ARtEl= ATE, 2 dtolAs PPO 2490] 7P =2
FA o] F HE g B3 =4 UERL, CD-12 PPO &
4, & HlE ol 7FF A Yt tF29] Cyclodextrin
< HlEolu EEolE LR E 2= FH, SEEAYAL
FA o] AgHs}A L (Alvarez-Parrilla 5 2005), Ab, i, Bh}
U 5 o g5 PPOQIE 7J5tAl Agete] IAo] 74w
S QAIsIT R E 3 QTk(Nina 5 1997).
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Table 3. Variance in color values of citrons according to anti-browning agent treatment

Color values

Anti-browning agents”

L a b AE
CON 46.0+2.79% 9.2742 45 19.442.17° 51.742.63"
V-1 48.5+1.23% 7.09+1.03% 21.1+1.58™ 49.5+0.97°*
V-2 50.8+1.84% 5.55+1.32% 24.240.82° 48.5+1.44"
S-1 51.5+0.43® 8.43+1.39® 22.8+0.23% 47.8+0.28°
G-1 46.8+1.38° 7.70+0.87 18.941.19° 50.5+0.90
CD-1 53.142.26" 5.09+1.73¢ 25.4+1.58 47.0+1.15°

D CON: 100% D.W, V-1: 0.05% vitamin C, V-2: 0.05% vitamin C+1.0% NaCl, S-1: 0.05% vitamin C+1.0% NaCl+0.5% sucrose, G-1: 0.05%
vitamin C+1.0% NaCl+0.5% glucose, CD-1: 0.05% vitamin C+1.0% NaCl+0.5% cyclodextrin.
2 Means with different letters within the same column are significantly different from each other at p<0.05 by Duncan’s multiple range test.
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Table 4. Variance in total phenol, flavonoid, and DPPH radical scavenging activities of citrons according to anti-browning

agent treatment

Anti-browning agents" Total phenolics

Total flavonoids

DPPH radical scavenging activity

(mg/100 g) (mg/100 g) (%) Vit.C eq. (mg/100 g)
Control 70.8+4.14™ 1350.24229° 55.245.53% 89.749.37%
V-1 58.4+3.62 1141.2+62.0® 44.548.61¢ 71.7+14.6°
V-2 56.4+3.19% 924.2+5.00 55.142.62% 89.64:4.44™
S-1 65.5+7.16" 1321.2450.0° 57.6+1.58% 93.7+2.68%
G-1 58.9+6.38™ 978.2+411% 48.3+0.75% 78.1+1.27%
CD-1 48.5+1.12¢ 572.2469.0° 65.3+3.24° 106.8+5.49*

Y V-1: 0.05% vitamin C, V-2: 0.05% vitamin C+1.0% NaCl, S-1: 0.05% vitamin C+1.0% NaCl+0.5% sucrose, G-1: 0.05% vitamin C+1.0%
NaCl+0.5% glucose, CD-1: 0.05% vitamin C+1.0% NaCl+0.5% cyclodextrin.
? Means with different letters within the same column are significantly different from each other at p<0.05 by Duncan’s multiple range test.

% vl Hek AT ARE ehlon), Aezo] 13502
mg/100 gO & 7} %9k, CD-10] 5722 mg/100 g0 & 713
2 S UEHgITh A 2 AAA TS At g
At 9 7hE Thn 2EE0] akst W 2 Ae] a3 AT
(Chang 5 2011a) Z3to| A= Fute} 7a 7o) &80 o
sjol % HE WP & Sepuiol=o] Heo] HiaH,
7t Q5] AF E3 wsal] Uehgeh o] A 2
ATFATL}IE FAFSFA L. ——O] cyclodextrin 3
9] AR 2443 2549 FUA] S4E 2T
012 polyphenold} ZH ‘:'7\‘_4 2271 A%tE setEs
FASEE ZHER YL AR 54 HkSojo S 1999).
JElER 2 Ao ot Gelols fAe] AL, Ao
2 AIE 915to] cyclodextring AHESHS T 2ol <]
AE Aoz PZHEth(Hicks 5 1996).

6. DPPH radical &7{ &4

2 A S A g]ste] 9-4+2] DPPH radical A7 A4S
Table 4°] UE it DPPH= &2 A5AZ L}E}‘Hﬂﬂ |
A ZA19] oFA3ST free radical 24 515~520 nmof| A o] &=
A& Uebdt}. & g5 ofr| Al vitamin C, HlE4 SHkE
o] g3t BHRRE AR} $4F AlFuol DPPH-HE §]‘
YA LMo T SBEs FPE7F FHAETHChung &
Jeon 2011). T2 A= 552%, A g]o-2 ZHEA| A A
of whe} 44.5-653%% UERton 99o]Ao] 2jol= Kt

CD-1>S-1>Control>V-2>G-1>V-1£0 2 =2 DPPH radical
AA AL Yo, CD-10] 653%E 71 =2 4L Ur
it A84E 259 4HE A3KKim 5 2006), H
A AHANAREA Fa FE2EY &ix—i ¥ A oHﬁ#
(Park 5 2013) A4 = F Hle € SgtE o= 3=fo]
oW IS Sttt 23S YEFAARE ol £

Aot thas Zol7} QISIth. & AFtoA & HEd S
ool& ool 7MY &2 A ¥]<-2 DPPH radical £718/9
o] WA YL, CD-1 B3 & ¥, St olE T
oE A=l vls 7P A2 Fge UERR AR DPPH
radical 2AZJN A= 7HY =2 TS UEH o] A3t
© AEt ZAHPA A SF Ee AR o)A Ao = A
BEOAY. &, 74 geto| A5 ZAHEAIA A2 oA
TAESE 2Hgo YFE vAlE FHlE E EE 0|t AR
o] Ak} g ofsto] AME A0 R weEH, 59|, &t
o|A fAH] AHZ AAsH7] sto] M7t vitamin Co] 7

G Aba g Hl 5o Histo] ASlE= £=7F 222 DPPH
radical &7 E/gol gt gH4tst a7t WA Ui Ao
| QT TS, cyclodextrin®] 79 AET} #HE Hola
A (cycloamylose glucano transferase)S 2-8-A|# EI-do] 4
2t 12 EA FEHE FActEE B & GolE, 4F H
dze] 2ol distel WEAHS UetaL, doly Skoll®
7ot EALS zFa Qo v R kAN 2o a3 vERA A
90 7 AZFE t}(Samaniego-Esguerra 5 1991).

7. PPO &M i35

Fig. 32 Zro] #ojsl= &4Q1 PPO $=F WSk Yehd
Zolth. Bxg] 9] PPO E4o] 105 U/gC & et Ao] H]
3 CD-1 20l /A A Al 9 45% TAE/Jo] AsfH

O & yelsttt. o33t PPO B2 G4F 7PtﬂHF—°~q 2
BE, G489 Tae ZHkgo] A dojde AlAlst
o, o]= B AFofA Ao HelAytel dx|etr). E
g, Kim & Bae(2002)9] Atk sZHo] gt ZHAAA| A
ayto] AxARete FARE AFE UEFHATE Kee &
Park(2000)9] A oflA= Eof AASE AXFure] 21 A
E2 16%, cyclodextrin® 24%% UEFE, Sojo 5(1999)2



LHGAA] A2

:;Inih

Control

Vol. 33, No. 4(2020)

[ - -
@ =] %) F
=] =] o o

PPO activity (Ufg)
@
=]

Anti- brnwnlng agents

Fig. 3. Variance in ppo activity of citrons according to
anti-browning agent” treatment. " V-1: 0.05% vitamin C,
V-2: 0.05% vitamin C+1.0% NaCl, S-1: 0.05% vitamin
C+1.0% NaCl+0.5% sucrose, G-1: 0.05% vitamin C+1.0%
NaCl+0.5% glucose, CD-1: 0.05% vitamin C+1.0% NaCl+
0.5% cyclodextrin.

2

cyclodextrino] Z'H-& AR Byt ozt AW é’ﬂﬁ}%
Ol%ﬂ °l A3E YEhdtta BAgh Hie
Y AFFEA YiE= a5/l ﬂ—‘:'r% Z57gel
°J§°é E%*OE ol 5&°] 3L, o] F3f| polyphenol
59 EA7F Z3sRMES F/4dste] d¥lS AAlskH: AL
& B350 Ut} Hicks 5(1996)> B2fa] AlEeH A4S 3}
A, oAl B4 AW AA5H7] 8l B-cyclodextrin
< A=e 23 48] AA"ET SF9itt. o] ATE CD-1
o] ZWHPAAZA 7P} ARAY AR WHE ]
Qo w =

A AHIRE JA5}7] fI5he] vitamin C, NaCl, sucrose,
glucose, cyclodextrin©. & ZHH 3}7\] A& Az PPO A5 &
A3} M, DPPH radical 271%, & Hl& &F 52 AR
o}k PPO 2442 CD-1 ZWA| 7<ﬂ7} 7P 9A UEi AL, o]
£ Ado] tE Ao Hls AAHL 3l & = AU
ok Zh AR A A o WOPC’# ‘rr;q'—‘ A =g FARE
A}, CD-1914 7 =2 Lt B2 AEghS Hof A W3}
7} AA oSS & 4 A, B AFLE Edlo] 7gH
HFR]A| 2 CD-1(0.05% vitamin Cl.()% NaCl+0.5% CD) Al&-0]
ANHY ZAoE AlmEH

ZAlel 2

B QT 201820200 % 5EUTY) sEE 258

Selolx fAe] B st 425

o el siarlENd-aE A sSAE S E &
el sia 71& N AFIAR] HAF 28 THTIeT
7HEAIE 7iEH(PI0138262020); A-H[] Qlote] =P H A}
o] dRZ, olo] & FAE =gYTh
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