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Fig.1 Enzymatic browning reaction equations of phenolic

in apple
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Table 1 Optimum catalytic conditions and thermal stability of PPO in different varieties of apple
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Table 2 Physical technology to control apple juice browning
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Table 3 Chemical additives that inhibit browning of apple juice
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Fig.2 The application of browning control technology in apple juice production

SURCES PO B CF S KRR IE DR S CE I EPN
ARSI o A 7 B AR AR SO | R R A 410 5 14 O i A
A B AN B A B 2 G O AR O 52 P A e R4 T
ISR o A oor 3 R AR AL B T R B SEOR B LR
JUAST7 18T % AR i = (1) 36 392 2R 3 A i e 48 74 1 L 8
I SRR X B2 =, B4 A 2B I Tl A8 7 1 27 oY, A%
PFEET7 T 5 (2) 48 22410 ) 590 9 22 4 P X 3 8 7 KUk
BRI R R 20— PR (3) IR U b 48 A2 i
Yy 77 T ST LT 2 2 G 0 e A R i o T i
PR ERE R Z —

2 % X W

[1] DU Yun-jian, DOU Si-qi, WU Sheng-jun. Efficacy of
phytic acid as an inhibitor of enzymatic and non-enzymatic
browning in apple juice [J]. Food Chemistry, 2012, 135
580 - 582.

[2] VAIKOUSI H, KOUTSOUMANIS K, BILIADERIS C G.
Kinetic modelling of non-enzymatic browning of apple juice
concentrates differing in water activity under isothermal and
dynamic heating conditions [ J]. Food Chemistry, 2008,
107(2) : 785 - 796.

(3] FWF. S RuediitAE e 2 mE R [D]. &
& R PRAR A B, 2006.

[4] ROSA L, ALVAREZ-PARRILLA E, MOYERS-MON-
TOYA E, et al. Mechanism for the inhibition of apple juice
enzymatic browning by palo fierro ( desert ironweed) honey
extract and other natural compounds [ J]. LWT-Food Sci-
ence and Technology, 2011, 44(1) . 269 -276.

[5] LOPEZ-NICOLAS J M, NUNEZ-DELICADO E, PEREZ-
LOPEZ A J, et al. Reaction’ s mechanism of fresh apple
juice enzymatic browning in the presence of maltosyl-B-cy-
clodextrin [ J]. Journal of Inclusion Phenomena and Mac-
rocyclic Chemistry, 2007, 57(1 -4); 219 -222.

[6] NIUSHUANG, XU Zeng-hui, FANG Yu-dan, et al. Com-
parative study on cloudy apple juice qualities from apple

slices treated by high pressure carbon dioxide and mild heat

284 | 2018 Vol. 44 No. 3 (Total 363)

[7]

[9]

[11]

[12]

[13]

[18]

[19]

[J]. Innovative Food Science & Emerging Technologies,
2010, 11(1): 91 -97.

B BIT 45 A, Bl . IR A A A R R i R
R[J]). &5 REEFH47,2009,45(02) : 36 -37.
QUEIROZ C, MENDES LOPES M L, FIALHO E, et al.
Polyphenol oxidase: characteristics and mechanisms of
browning control [ J]. Food Reviews International, 2008,
24(4) . 361 -375.

PARPINLLO G P, CHINNICI F, VERSARI A, et al. Pre-
liminary study on glucose oxidase-catalase enzyme system
to control the browning of apple and pear purees [ J].
LWT-Food Science and Technology, 2002, 35(3) : 239 -
243.

BORNEMAN Z, KMEN V G, NIJHUIS H H. Selective

removal of polyphenols and brown color in apple juices u-

sing PES/PVP membranes in a single ultrafiltration
process [ J]. Separation and Purification Technology,
2001, 23(22) . 53 -61.

GARCIA-TORRES R, PONAGANDLA N R, ROUSEFF
R L, et al. Effects of dissolved oxygen in fruit juices and
methods of removal [ J]. Comprehensive Reviews in Food
Science and Food Safety, 2009, 8. 409 —423.

BER. VREZWMAHTEE LR ETRID].
B PEALR AR A, 2013,

RIER JEIIT, A, 55, W R 2 B A AL R Y
PEWCRF R BE S [T]. WL R B 2%, 2009 (4)
789 -793.

T, RRE, D UFHF WL 2 AL R
WroE (], P EEARY TR, 1999, 18(4): 13 - 16.
AR skt R RSP AR [T].
&SP, 2001(3); 21 -22.

POLIY. WAL R 2 W S AL B R
WA TTIE I WESE LD ] AN ] B Alk K2, 2009.
EIY, BRB 5 ph . WL SR 2 By A A B S
i gy pE g [T]. g Rk B, 2011, 40(6) .
118 —121.

TR 2D 2 W A R 8 R B A o R )
SELT]. A%, 1998, 25(2) : 184 —186.

AFn, EYRIE, AL B e 4 b 2R 2 W S A i 5 TR
RSB RIS ()], B DR, 2006, 27(2) -



[20]

[22]

[23]

[25]

[26]

[28]

[29]

[31]

[32]

59 -62.

FBE LM, mfn . Wi R A R R R R
HER AT T]. & MFHL,2006(4) :85 - 87,
91.

ZHU Da-zhou, JI Bao-ping, EUM H L, et al. Evaluation
of the non-enzymatic browning in thermally processed ap-
ple juice by front-face fluorescence spectroscopy [ J].
Food Chemistry, 2009, 113(1): 272 -279.

IRMEHS . SR B8 A2 R E R AR et (7],
=T - 27, 2011, (4) . 103 - 106.

TRAR SR, ) K, A5 S [R] S R R S P o R 4
S &) PEALRMBH R 24 B AR
fi, 2011,39(10) : 163 - 170.

LR IR, SR, G RO s OB 35 1 PR A A
AW RPEEERERLIT]. WERFFR . AARES
TAL. 201427 (2): 111 - 116.

SULAIMAN A, SOO M J, FARID M, et al. Thermosoni-
cation for polyphenol oxidase inactivation in fruits: Model-

ing the ultrasound and thermal kinetics in pear, apple and

strawberry purees at different temperatures [ J]. Journal
of Food Engineering, 2015, 165. 133 - 140.
YI J, KEBEDE B T, DANG D N H, et al. Quality

change during high pressure processing and thermal pro-
cessing of cloudy apple juice[ J]. LWT-Food Science and
Technology. 2017, 75 85 -92.

SUN Yu-jing, ZHONG Lie-zhou, CAO Lian-fei, et al.
Sonication inhibited browning but decreased polyphenols
contents and antioxidant activity of fresh apple ( Malus
Red Fuji) juice [ J]. Journal of Food
2015, 52 (12);

pumila mill, cv.
Science and Technology-Mysore,
8 336 -8 342.

FERRARIO M, GUERRERO S. Effect of a continuous
flow-through pulsed light system combined with ultrasound
on microbial survivability, color and sensory shelf life of
apple juice [ J]. Innovative Food Science & Emerging
Technologies, 2016, 34, 214 -224.

GENOVESE D B, ELUSTONDO M P, LOZANO ] E.
Color and cloud stabilization in cloudy apple juice by
steam heating during crushing [ J]. Journal of Food Sci-
ence, 1997, 62(6): 1 171 =1 175.

ZHAO Liang, WANG Yong-tao, QIU Dan-dan, et al.
Effect of ultrafiltration combined with high-pressure pro-
cessing on safety and quality features of fresh apple juice
[J]. Food and Bioprocess Technology, 2014, 7(11): 3
246 -3 258.

SCHILLING S, SCHMID S, JAGER H, et al. Compara-
tive study of pulsed electric field and thermal processing
of apple juice with particular consideration of juice quality
and enzyme deactivation [ J]. Journal of Agricultural and
Food Chemistry, 2008, 56(12): 4 545 -4 554.

GINER J, GIMENO V, BARBOSA-CANOVAS G V, et

[34]

[36]

[40]

[42]

[44]

[45]

SFRE5EITIL

al. Effects of pulsed electric field processing on apple and
pear polyphenol oxidases. Food Science and Technology
International, 2001, 7 (4), 339 - 345.

SALDO J, SUAREZ-JACOBO a, GERVILLA R, et al.
Use of ultra-high-pressure homogenization to preserve ap-
ple juice without heat damage [ J]. High Pressure Re-
search, 2009, 29(1); 52 -56.

QUOC A L, MONDOR M, LAMARCHE F, et al. Effect
of a combination of electrodialysis with bipolar membranes
and mild heat treatment on the browning and opalescence
stability of cloudy apple juice [ J]. Food Research Inter-
national. 2006, 39(7): 755 - 760.

MR RE. T N5 SE R 2 B A AL EE (PPO) R P
FHLAEAM I B R WFFE (D] 45 B T AL RAMRBE £ K27,
2006.

ATAC B, GOMEN V. Adsorption of dark colored com-
pounds in apple juice-effects of initial soluble solid con-
centration on adsorption adsorption kinetics and mecha-
nism [ J]. Journal of Food Process Engineering, 2011,
34(1): 108 - 124.

AL, AUt e, I PR 5 B S TE 0 ( B RE
[J]. BAC & Bk, 2011, 27(7): 799 -801.
B, LR BT SC A 2T 4k W B 2% B ok 4 S 2R
OSBRI (T ], BTG I R 2 2 4 H AR RL 2
2005, 33(3): 94 -98.

ACEVEDO N, SCHEBOR C, BUERA M P. Water -
solids interactions, matrix structural properties and the
rate of non-enzymatic browning [ J]. Journal of Food En-
gineering, 2006, 77(4). 1 108 -1 115.
VALDERRAMA P, MARANGONI F, CLEMENTE E.
Effect of heat treatment on the activity of Peroxidase
(POD) and polyphenol oxidase (PPO) in apple ( mallus
comunis) [J].
2001, 21(3), 321-325.

GUI Fen-qi, WU Ji-hong, CHEN Fang, et al. Inactiva-

Ciéncia E Tecnologia De Alimentos,

tion of polyphenol oxidases in cloudy apple juice exposed
to supercritical carbon dioxide. Food Chemistry, 2007,
100(4), 1 678 -1 685.

ABID M, JABBAR S, WU T, et al. Qualitative assess-
ment of sonicated apple juice during storage [ J]. Journal
of Food Processing and Preservation, 2014, 39 (6) .
1299 -1 308.

LEE B, SEO J D, RHEE J, et al. Heated apple juice
supplemented with onion has greatly improved nutritional
quality and browning index [J]. Food Chemistry, 2016,
201: 315 -319.

SUH H, PARK S, PARK S. Inhibition of browning on
fresh apple juices by natural phytochemicals from rumex
crispus L. seed [J].
Apple Biological Chemistry, 2011, 54(4) . 524 -530.
YI Jian-hua, DING Yong. Dual effects of whey protein i-

Journal of the Korean Society for

2018 55 44 B8 3 H(2 5 363 #) | 285




e poacmm  FOOD AND FERMENTATION INDUSTRIES

solates on the inhibition of enzymatic browning and clarifi- ange peels[ J]. Food Control, 2014, 35(1) . 252 -259.

cation of apple juice [ J]. Czech Journal of Food Sci- [51] KLIMCZAK I, GLISZCZY SKA- WIG O A. Green tea ex-

ences, 2014, 32(6) : 601 —609. tract as an anti-browning agent for cloudy apple juice
[46] HE Qiang, LUO Ya-guang, CHEN Pei. Elucidation of [J]. Journal of the Science of Food and Agriculture.

the mechanism of enzymatic browning inhibition by sodi- 2017, 97(5) . 1 420 -1 426.

um chlorite [ J]. Food Chemistry, 2008, 110(4) . 847 - [52] TAO]J, ZHU Q, QIN F, et al. Preparation of steppogenin

851. and ascorbic acid, vitamin E, butylated hydroxytoluene
[47] CAMPAS-RIOS M D J, MERCADO-RUIZ J N, VAL- oil-in-water microemulsions: Characterization, stability,

DEZ-COVARRUBIAS M A, et al. Hydrolysates from and antibrowning effects for fresh apple juice [ J]. Food

wheat bran albumin as color-adding agents and inhibitors Chemistry. 2017, 224, 11 - 18.

of apple polyphenol oxidase. [J]. Journal of Food Bio- [53] WU S. Preparation of canned apple juice using glutathi-

chemistry, 2012, 36(4) . 470 —478. one as an enzymatic and non-enzymatic browning inhibitor
[48] GACCHE R N, SHINDE BT, DHOLE N A, et al. Eval- [J]. Journal of Food Processing and Preservation. 2017,

uation of floral honey for inhibition of polyphenol oxidase- 41(1).

mediated browning, antioxidant and antimicrobial activi- [54] BUTA J G, MOLINE H E, SPAULDING D W, et al. Ex-

ties [J]. Journal of Food Biochemistry, 2009, 33 (5) . tending storage life of fresh-cut apples using natural prod-

693 -706. ucts and their derivatives[ J]. Journal of Agricultural and
[49] THADA R, CHOCKALINGAM S, DHANDAPANI R K, Food Chemistry, 1999, 47(1), 1 -6.

et al. Extraction and quantitation of coumarin from cinna- [55] JOSHI A P K, RUPASINGHE H P V, PITTS N L, et al.

mon and its effect on enzymatic browning in fresh apple Biochemical characterization of enzymatic browning in se-

juice: a bioinformatics approach to illuminate its anti- lected apple genotypes [ J]. Canadian Journal of Plant

browning activity [ J]. Journal of Agricultural and Food Science, 2007, 87(5): 1 067 -1 074.

Chemistry, 2013, 61(22): 5 385 -5 390. [56] Bz, HmAAe, AW, 5. Bi#e 2 4F 2L A 07 % &%
[50] GONZALEZ-GOMEZ D, CARDOSO V, BOHOYO D, et HE® A ()], hEfE %, 2014, 14(3);

al. Application of experimental design and response sur- 72 -77.

face methodology to optimize the procedure to obtain a [57] Z&¥. ERTMIT TR EAEHRID]. bt

bactericide and highly antioxidant aqueous extract from or- i [ ] el k2, 2004,

Advance in browning control technology of apple juice
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ABSTRACT Apple processing industry is a major fruit processing industry in the world. Apple juice is the most im-
portant and productive production in apple processing industry. The color of apple juice is a critical quality index used
in consumers”judgement of the quality of apple juice. The color is mainly affected by its browning in the process. Ac-
cording to its browning mechanism, browning of apple juice mainly includes enzymatic browning and non-enzymatic
browning. Due to the high content of phenolic compounds and high activity of polyphenol oxidase in raw apples, enzy-
matic browning is the main browning cause. Therefore, the control of apple juice browning, especially enzymatic
browning, is of great significance to protect its quality and improve consumers’ acceptance. On the basis of an exten-
sive review of relevant literature, this paper summarizes the mechanism of apple juice browning including enzymatic
browning and non-enzymatic browning, as well as browning control technology including physical control technology,
browning inhibitor and other control technologies. Moreover, the problems in this field and the future development di-
rection are also proposed.

Key words apple juice; browning; control; technology

286 | 2018 Vol. 44 No. 3 (Total 363)






