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Development of processed method to inhibit browning of fresh—cut apples

Yoon—Suk Kim!, Jung—Sun Lee!, Hui—Gyeong Seol!, Ju—Yeol Oh' and Eun—Ho Jeong®

YApple Utilization Research Institute, Gyeongsangnam—Do Agricultural Research and
Extension Services, Geochang 50124, Korea

ABSTRACT : In order to develop a fresh—cut apple processing method using natural
browning inhibitors, this study investigated Rhubarb, Kakadu plum, and citron juice are
treated by concentration to color, browning, hardness, and air composition change
concentration to develop a processing method suitable for fresh—cut apple and
small—packaging. Immediately after cutting, ‘Arisoo’ had the brightest L value at 82.5,
and AE value was ‘Fuji’ 12.3 > ‘Arisoo’ 3.7, and > ‘Shinano Gold" browning
proceeded in the order of 1.5. In terms of PPO activity, ‘Sinano Gold" was 0.39 <
‘Arisoo’ 0.46 < ‘Fuji’ 0.89 in order. ‘Arisoo’ and ‘Sinano Gold’ had little change in PPO
activity and AE value, so they were judged to be suitable for fresh convenience use.
The vitamin C content of the natural browning inhibitors was found in the order of
luba > kakaduplum > citron juice. As the treatment concentration increased to 1—5%,
the L value increased, and the PPO activity decreased, suppressing browning, and
When the browning inhibitor 3% and ascorbic acid 1% were mixed, browning was
inhibited compared to the ascorbic acid 3% treatment. The hardness change according
to the storage period of 1 to 9 days after LDPE packaging tended to temporarily
increase hardness on Day 3 As for the degree of browning according to the packaging
method, browning progressed more in normal packaging than in nitrogen filling and
vacuum packaging, and the nitrogen filling and vacuum packaging tended to be similar.
The 0.065mm film had a lower AL value and lower OZ2 concentration than the 0.05mm
film, so browning was suppressed. It can be seen that the amount of L value and 02,
CO2 after mixing fruits according to the PET packaging for fresh—cut fruits are high

in 02, CO2 and low in L value when mixing apples and cherry tomatoes.

Key words : Fresh—cut apples, Inhibit browning, Rhubarb, Kakaduplum
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A2, nFSE 19 7bEo) 584w 8HBOR FolmA 2¥F, A YL 2
o] 7kgFol Wdt F8rt Svlstar lom, Alnp Au] g 2 o] g9 thYgstE

F el Fasta AbgeE A Al &9 = (polyphenol:PPO) &3
719 HEFHA Zd = AthobAl (polyphenol oxdase) & Zoll o&) AbstEwHA] A
(browning)e] & Eo] FHo] 7tx& "ojrmy w7lo ARIFE dov|mw Adue 7}
TEF MEE e Aes gAEkE | 838ttt H2 AES A4 H9AYE
ZFo A AEFHTIES P gk #HAle] molxt 2 AGte AlHdHE o] (fresh—cut) &
AR ZhE R RS flE] dAdw bAoA W g F 2y F

712 WEE 2ARete] 27kl B Al ARt TS Ndety] s = Sl

£
%

N BT
=

o &
rE
o

2. Az 2 I

2 ARAAEE AFFol AT A AR ArkE A, AR FES AR eH,
olE]g e AE FF, AU E’E AR o oA ko] A2A e A $ AR8et

of ZF ¥ ARgelen, T EH FE e

5 , NS ESHFLRANA 7Y F AT #5E
7HEA YR e Ad AAE HUAVIE Zol #FAEFd ¥ ouxd 24T
(Refracto—meter PAL—1. Atago, Tohyo, Japan)® S43tF o, 2F ko 253k Aly)
FE 2==A7](G20 compact Titrator, METTLER TOLEDO, Schwerzenbach,
Switzerland) & ©]&3}e] 0.1N NaOHZ pH 8.3¢] & w7}#x] AA ZtE malic acide = 3k
Aste] =AEd. ArE gERow Hudl AlwkE P/1IR ProbeE AHsle] w7
(TAXTExpress, stable micro system, England)ZE o] -&3}e] 588 =Ast1 IS At
g3t AME= Fo8 AT A (Spectrophotometer CM—700d, Minolta Co., Tokyo, Japan)Z
o]g3&to] Ak Aly} b o] W = (L)L —value, lightness), 2 M X (a—value, redness)$} ST
(b—value, yellowness) #& 53] WHT =A4dto] Hgto 2 el drives dd 5
2ol A 304, 604, 1204 AlZF A7 F L, a, b3S 53 543 AL(LA =0 - Léke =0
AEYV [ [L%)ét t=o ~ L%}ét tﬁc)Z + (ag}ét t=o ~ a%}{al 4)2 + (b%)ét t=o ~ b%}{at H)Z] = L]'E]'IH%{E]‘ Ascorbic
acid %< 2,4—dinitrophenyl hydrazinB] A Holl F£3le] A 2™, & phenol THHS
Folin—ciocalteu (Lachman % 2006)& 283}¢] 4393, DPPH radical
(1,1—diphenyl—2—picrylhydrazyl) &7 42 Blois(1958)WHo] ug} Al5 &9 0.25
mLol DPPH £91(1.0x1.0-4 M) 2 mLZ 7bato] wmubali 22eA 305 BAA7 oFS
517 nmolA FFEE FA3Sc. 2 UFY 0.9 C0.¢ +%% PBI-Dansensor
Checkmate 9900 AF&3te] 3¥bE SA5S Y. ALEL, AEZE PPOEA S W3yl 4=
Aol Ho] Mgr = S ofn gt}

100
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slE ZAFeE A3 Golden Dehc1ous9‘r New York 6747} AL%}: ]
4.5~14.69_E 7W ;}2 A WS E?,ifﬂ_ AEZFY WanE 7bg He Aoz b]—Elr‘;,\"ﬂ—jl

Eﬂé}oﬂﬂr ol & AT AREE o]t A= ALZ, AERL Hoe 2 X4
At}h, T3 Burke AE(2010)9 B a1o]A ‘Gala’, ‘Pink lady’, ‘Grannysmith’, ‘Empire’ @2
FEol AWLrt vta Algke] Al HAEE FHeh7] "ol Ad AYE HdwE F=2
AEE I Yok wnEHeh B aFelA AR BES dunel Likol 1% EuE W

AEFke] gl Ea, H 7} ol AMAMAolgo g HFstA Eogon, ol Ay
==& AL#, AE#9 tﬂﬁ}ﬂ w3 PPO A T3 ylol AAHoe] 27tmdgor gt
ohar FekE 9ok

% 1AM E5E 54 FA
= FE as A
o (OBI'IX) pH (%) L a b
ek 14.6 4.1 0.22 81.6 2.0 21.9
7 17.7 4.0 0.26 82.8 1.4 22.2
o] 13.2 4.4 0.15 82.5 2.1 22.3
A2 12.7 4.3 0.14 81.2 1.2 23.0
CFA ARl ST L APEY o of g AR FF, AU=BE AR 41 7Y
YAIE :a(red), —a(green), b(yellow), —b(blue), Hunter's color value, A% 25 4
# FA G ET, AER ol AW BE
7 L AR Y3l ARZE WE ol 4W 2S
s olE)g  Avk w1k v, w3y
 AY=TE’ L AR 7R guk ARG W3} Yol 4 H S
% 2. A} 3 3tk 9 Vitamin C E5F
— _ E Vitamin C
Ex 2% Zahrols ‘(mln)
=] 0.35 0.12 4.29
o] 0.42 0.06 11.04
AV 0.36 0.07 1.13

TFA AR BATE NALT T, ord A% T, TS A% a3 74
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B oa
0 0
=5 #E  OE[xAlLteEE
<PPO &4>
H A%, PPOEA
=3E Ad 5 2WE 2AE fla =0l 30, 60, 120 FI F ALZI AER
MakE AR At E 33 gk FA(HETIE 608 A% F AE@e] 5708 o}
Rnow 120 43 5 12.30% F48] dWlo] APHAaL, 1 thgor o’ 3.7, >AIY
EEE 1.5 Fo7 AWol AgETE PPOEAFS AUy E"7F 0.39 < ofg]g 0.46 <
FA0.80¢ 0% HEET. AL Aw F A7) AEEE ARGe] WHETL kgto
T ARFL Wsb) G PPORA ED vtopx] Adwelg xTidw

. 30%- 60%- 120%
e ALZE AEZE ALz AEZt ALZE AEZ
A 0.8 0.9 1.9 5.7 1.9 12.3 a*
pag 0.3 1.0 1.0 1.0 2.0 9.8 ab
olg] 0.9 1.0 1.8 2.5 2.5 3.8 ab
AYeze 0.4 1.2 1.2 1.2 1.7 1.5b
“DMRT 5%

AA 25N Vitamin C g2 ¥ 2, % 43 Zrh JPF-E92 35 FYAtolH,
2k

[e3]
-
FutHel {2} ZsFde Suliks o] 85elth Vitamin C 52 FrtE7y 78 #9kom 1t
%‘ To 2 volHy, G MYATR B JrEHEel 14.6
7} 3.9%0. 2 7} E=9kth.

99 2. F, AAEEY, Fukn, 4 BE
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O. HFHLAL DY / <Atato| 8> &

£ 4. AAAAA 542
9T A& Vitamin C
o_] Z [e} A
e AA (°Brix) pH (%) (mg/L)
CRORK 4.8 3.6 1.27 296.4
ININFZ Y 14.6 3.8 0.16 278.3
G2 4.3 2.8 3.90 104.9
ZgkE Sl 59 58
APEE B
Ak ESASE Sl
ZAAAA 5% Ag] F Aty AebAel A wsle= ¥ 5, 19 33 @k $4], ofglgE, Al
Ueds 3%3F 5 ZHoAA Futrel J9MFEdS AYPS "t f2F FFAS
A S w B Lty agto]l wokow, Friu el 559 AHEgte] 2w 4 ave
o4 ZFol7b §lAth PPOEA I} AEfke] =2 FX|7F Alto] AystyE Lty agtel
W37 wola] zZbdol o MyES & 4 Q).
X 5. AWHAAA A = ME s
01 2] A 60 120%
T2 2 A A %
e o LY a b L a b
A2 75.0+£2.57 4.241.15 2844314 73.4+1.71 4.9+1.13 29.1£3.03
IJFFEEE 78.5+0.59 244091 25.6%£1.37  79.140.17 2.9+1.21 26.0+2.47
B
2ZulE 7834047 2.940.27 25.3+1.13 7844091 2.7+0.37 25.7+1.49
Ak 77.0£1.40 254043 24.94057 75.241.35 3.240.66 26.2+0.71
A2 79.640.82 25043 25.241.14 80.5%3.09 2.5+0.81 25.2+1.44
FIFFEE 81.041.46 0.940.50 23.5+5.11 80.9+0.58 1.1£0.73  24.7+2.89
ol&] 4
FHIE 83.3+0.77 1.240.44  20.242.29 82.440.58 1.1+0.38 23.0+1.55
a2} 82.1+0.60 1.240.41 25.7+1.51 81.0+1.18 1.6+0.37 26.8+1.80
F2g) 75.8+2.77  4.0+0.65 27.842.76 74.6+0.69 4.440.78 28.3+2.39
A FIHEEE 7894053 2.1+£1.19  24.242.07 77.841.66 2.240.71 23.6%1.16
R AR
= FHE. 78.6+1.04 294059 23.942.78 79.5+0.77 2.940.65 23.2+1.50
Ak 78.540.29 2.840.32 24.6+£0.08 77.9+1.68 3.14+0.97 24.6+1.72

Lol A 5% Ae,
e

3y 2C »y

, a(red), —a(green), b(yellow), —b(blue)
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AWRAAA A = A 7)) wE PPO &4 H EE&A Y of
E 7 Eoh FAE A PPORA O] %o 5% A A WolAE= A
A7 FekE AR PPOEA o] stolx] Aol oA AAE S ae st
AHAAA 2% Ascorbic acid 1%E =& AHeAs vl FHFE 3% H Ascorbic acid 3%
g Xl Hoh dulo] JAEE Ao R LERTE

o =
prOEd PPOE
12
.
1m =
OB —_— e
0.8 ¥ B * e
= _ = Lo e —
+ i 2 *
.
o g g % 2 2 2 2 5 5
—— X S FIFIEEH 1% IR SE 3% —FIFIEEE o —— 24T EHIE 1% —a—EZHE 3 EHi=g

<IPH-E9 A2l ¥ pPOE/d> <FHlE A2 § PPOZA>
a9 4.0 'FA A7 E PPOEA
¥ 6. AHAAA 2} Ascorbic acid E&A gl wWE A=
A s 14 24 3¢
(%) L a b L a b L a b
Ascorbic acid 3 77.6 3.6 29.0 794 3.8 26.7 79.2 39 26.7

2 + Ascorbic acid 1 81.3 1.5 23.7 80.7 3.1 247 80.2 3.5 252
7PF+2 + Ascorbic acid 1~ 79.0 2.8 27.5 78.8 3.5 26.8 785 4.0 30.7

CFA, W 2C wk
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ZARAA A FupR | IIFER S 1~5% FEE AP & ARkl ARE FAE Az
E 67 ¥ 49 Ao AYEETl 555 AL, AER WS I3 T
o] ‘FutEIR T ZAWE Y AEWETL wgkth A7) k] o = 3
T W37 molA A FEREIL dojuis Aoz dekEm 3d o)y AH, fEo] vz
thar Azt 38 AE#R ®iske olgd < AymEE < X $o7 eyt
Kim 5(1995)2 11F9 AtE AAstuA dddel A wstE ZAbsk A3 Golden
Delicious®} New York 6747} ALZto] 4.5~14.60% 7} @& A W3slE B AEFY
et 7Y A2 Zow yetbtal Bagkgith ol i dFte] AREE ofg]go Alvtie
FE9] ALZL, AE# Huhe =2 £t E3 Burke AE(2010)9] Halo] A ‘Gala,
Tol AWMETE Wil AZto] AR i AEE

o ox g% rlr
o

‘Pink lady’, ‘Grannysmith’, ‘Empire’ &2 *
Al FE AREH A Yrkal BaEATE 2 Aol A AR
H ool Ay ss ATkl Aistol e ALL, AEgES] WE7F W Awvh o
wsto] AMdHo] 27t d g o7 Agsirtal dE Qv

o
D)
ol
o
N
=)
A
=
>,
=
Y
ot
ofo
o
e
tt

N

7. AHAA s A § A7l wE 2
3

1oE] [}

=
A o 4d 54
%) ALIAEZE ALB AER ALZEAERE ALR AEZE AL AER
T 4.0 7.0 4.2 83 33 67 54 92 38 6.9
25 44 36 7.1 38 57 37 71 35 6.5

e 1
ddn: 3 09 3.0 24 48 25 45 27 47 19 42
- 5 1.3 37 21 48 24 42 19 35 29 438
¥4 57 97 64 98 7.2 11.3 6.7 10.3 6.4 9.9
= 1 6.3 89 7.1 107 7.3 98 7.1 103 6.6 8.9
3 58 87 6.1 9.1 54 72 72 99 6.2 8.4
5 52 7.7 58 89 6.6 93 88 101 7.6 105
Tl 21 16 29 54 24 42 28 39 29 438
- 1 6.6 50 34 6.2 29 44 27 31 26 3.7
dd 3 1.6 1.1 25 31 29 39 25 35 25 3.0
ok 5 1.6 10 21 35 34 47 28 40 2.8 4.1
22 2.7 2.3 35 42 31 42 32 37 38 4.2
= 1 28 10 27 30 31 35 58 68 4.0 4.3
3 30 13 29 30 36 36 31 32 48 5.0
5 30 10 28 28 43 44 40 41 55 5.6
Y| 45 6.8 41 7.7 37 44 29 59 3.0 58
. 1 26 53 27 58 26 33 26 51 39 7.3
ddns 3 2.8 6.0 38 66 26 31 28 49 23 4.1
A 5 07 387 28 54 36 40 29 52 24 47
== 28] 42 74 46 7.8 44 52 38 6.0 28 56
37 6.7 39 67 32 40 47 64 42 7.3
FHEE

1
3 4.2 64 3.3 57 3.6 3.9 4.6 6.5 45 5.9
5 3.0 47 36 55 46 5.2 4.2 4.7 3.3 4.0

* Y 2C 23
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a7 EEES A A wE Lk wst

s FAHRPR - ok IH(UY) ¢ Sealing 10 / IF-E4 1 Vacuum 300, Sealing 10, Cooling 50
w* X7 ¢ Vacuum 300, Gas 102, Sealing 10, Cooling 50
« X 7 7 : NY/LLDPE : Nylon/Linear Low Density Polyethylene(\}4E/ A& A =Za]of|elal)
#* PBI—Dansensor Checkmate9900(2&¥%-& 7}2~EA7])

& UBFERFD, 065mmE| OFARSIEL A Y15} 8 QUIEEN) 065mm2] OSSR HIS]

6 6
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1®  o@ 3@ Ay 5
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o N &= OO
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o N = O O

12 st 3u  am 59!

—e— ZHIE 1% —m—FHbE 3% —a— S HEE 5%
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187 = mx 0.05mmel 0l ASLEF4 BI5}

12 s 3@ 4g 5

——IPISER 1% —.—3DISER 3% —w—I DI =2
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ar Abks ddeid = ]
ol ofa) AbstE A dvhe gwol Q‘ﬂé_é}ﬂl ﬂ—t:rﬂ OI—E 7)o ARz
§_‘531:o] b NCICR ] 3ES 1]
FAE SleiA e Sasith ddd Abtet HO%EH}E =% :L_XOP Al Akt 17.6~14.5%
SR wopAa Olﬁﬁ}%i |

[e)] Q)
EE gwolAA B9z éufzjﬁﬂﬁi cu:4;&a%¢
A 19.47 0.97 19.03 1.43
A+ HEEVE 17.63 2.43 15.73 3.70
JPFEE A + A% 18.37 1.93 17.30 2.83
A + ARl AR 19.00 1.30 18.23 1.80
2 A+ BY 3F 18.23 2.00 17.07 2.67
A 19.50 0.90 19.57 1.07
A+ HEEVE 17.67 2.33 16.57 3.07
FHkHE A+ A 18.80 1.47 17.60 2.70
A + AReln A8 18.97 1.17 18.30 2.00
A+ 7Y 3F 18.20 2.00 17.17 2.70
B 18.97 1.47 18.27 2.00
B + WEERE 17.00 2.67 15.20 4.13
JPHEE B + A% 17.90 2.50 17.33 3.07
B + AR A7 18.63 1.67 17.33 2.53
Az B + 34 3¢ 17.83 2.47 17.93 2.57
B 19.00 1.30 18.33 1.93
B + WEERE 16.87 2.83 14.87 3.83
FHkE B + A% 17.83 2.30 16.70 3.07
B + ARlw A 18.33 1.83 17.20 2.67
B + 7Y 3% 17.57 2.50 17.70 2.90
C 18.87 1.80 18.30 2.53
C + ¥ EEnE 16.90 3.13 15.10 4.70
JPREEE C + A% 17.53 2.93 16.30 4.13
C + ARl A7 18.27 2.23 17.10 2.73
o1 2] 2= C + 3¢ 3% 17.60 2.97 14.90 4.23
C 18.83 1.73 18.30 2.37
C + ¥EEvE 16.50 3.40 14.50 4.53
FHE C + AR 17.87 2.57 16.13 4.10
C + ARl A7 18.33 2.07 17.57 2.80
C + 3 3% 17.53 2.87 15.93 4.10
PBI—Dansensor Checkmate9900(7}FA~E417])

£ A FA, B AUREE, C: ol
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