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Abstract: As the main processing product of apple in China, juice contributed great to the value-added of the industry.
However, browning reaction is easy to occur during processing and storage, resulting in color instability, quality
deterioration and reduced commercial value. Therefore, using antioxidants effectively to solve the browning problem of
apple juice is an important issue faced by juice processing industry. In this paper, the progress of the apple juice browning
mechanism is reviewed, and the action mechanism of four common antioxidants including apple polyphenols, ascorbic acid,
sulfur dioxide and glutathione are also described. Moreover, the advantages and disadvantages of each antioxidant are
compared and analyzed, further putting forward the use of synergistic color protection can make up for the problems of
independent use and improve the antioxidant effect to provide an idea for solving the browning problem of apple juice.
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Fig.1 Characteristics of enzymatic oxidizing substances
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Table 1 Main polyphenols affecting the color of apple juice and their characteristics
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Fig.2 Schematic diagram of antioxidant mechanism of ascorbic acid
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Table 2 Antioxidant and synergistic anti-oxidation properties of four antioxidants on color protection
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Fig.5 Synergistic anti-oxidation mechanism of four anti-oxidants on color protection



%43 % 55 18

BRI , 5 SR BT A A (LRt - 453 -

SEHE

(1] kR, K& REFR” 70 F LR AL EZ[T]
% v R A, 2021, 53(1):3-3. [ SHU H R, ZHANG S Z. The 70
years' development and prospect of apple industry in China[J]. De-
ciduous Fruits, 2021, 53(1): 3-3. |
(2] sK#. dE A48 R (NFC) SFAFAR I Fa AR ML AF LR S R
RN 89 5 [D]. A # TR K, 2020. [ ZHANG J.
Study on the stability of non-concentrated reduction (NFC) freshly
squeezed orange juice and establishment of quality evaluation mod-
el[D]. Hangzhou: Zhejiang Gongshang University, 2020. ]
[3] 24, F0-F, A4S FRITOBEENSEFZRAAR
[J]. %=+ R4, 2010(1): 28-31. [ WANG N, XING S P, XIAO H
Z. Control measures of enzymatic browning in apple juice and its
clarification techniques[J]. Deciduous Fruits, 2010(1): 28-31. ]
[4] SONNIF, CLARK A C, PRENZLER P D, et al. Antioxidant
action of glutathione and the ascorbic acid/glutathione pair in a mod-
el white wine[J]. Journal of Agricultural and Food Chemistry, 2011,
59(8): 3940-3949.
[ 5] ARAPITSAS P, GUELLA G, MATTIVI F. The impact of SO,
on wine flavanols and indoles in relation to wine style and age[J].
Scientific Reports, 2018, 8(1): 1-13.
[6] CHOISY,CHUNG M J, SEO W D, et al. Inhibitory effects of
Orostachys japonicas extracts on the formation of N-nitrosodi-
methylamine [J]. Journal of Agricultural and Food Chemistry, 2006,
54(16): 6075-6078.
[7] E#%. FR 85 RTEHB LA X BRAR D] &% K
WA K 5, 2015. [ DONG X L. Study of polyphenols correlation
with non-enzymatic browning in apple juices[D]. Xi'an: Shaanxi
University of Science and Technology, 2015. ]
[8] Fak, ok Xak, . FR % Brod 2R 2 e At LA
K5 REAZ ] P B A &SR, 2020,20(11): 334-346. [LIX, BIJ
F, LIU X, et al. Research status and prospect on the composition and
functional characteristics of apple polyphenols[J]. Journal of Chi-
nese Institute of Food Science and Technology, 2020, 20(11): 334—
346. |
[9] WEYANT M J, CAROTHERS A M, DANNENBERG A J,
et al. (+)-Catechin inhibits intestinal tumor formation and suppress-
es focal adhesion kinase activation in the min/+ mouse[J]. Cancer
Research, 2001, 61(1): 118—125.
[10] 3, IR A&, iKBeAh, . FRF 3 B4R 69 L AACIEAT
T I AR5 4, 2005,26(2): 149-150. [ SUN J X, SUN
A D, ZHANG X W, et al. Study on the antioxidant performance of
apple polyphenols[J]. Food Research and Development, 2005,
26(2): 149-150. ]
[ 11] KASAI H, FUKADA S, YAMAIZUMI Z, et al. Action of
chlorogenic acid in vegetables and fruits as an inhibitor of 8-hydrox-
yde oxyguanosine formation in vitro and in a rat carcinogenesis
model[J]. Food and Chemical Toxicology, 2000, 38(5): 467—471.
[12] ZRra, Bakbf, Hik 2, . 44 & Bred AR AL
£ P ey 8 ], 3 & IR F 4R, 2013, 25(11): 2529-2534.

[LIHY, XIAJQ, YANG LY, et al. Plant polyphenols: Antioxi-
dant capacity and application in animal production[J]. Chinese Jour-
nal of Animal Nutrition, 2013, 25(11): 2529-2534. |

[ 13 ] FERNANDEZ-ZURBANO P, FERREIRA V, PENA C, et al.
Prediction of oxidative browning in white wines as a function of
their chemical composition[J]. Journal of Agricultural and Food
Chemistry, 1995, 43(11): 2813-2817.
[ 14] WU S J. Preparation of canned apple juice using glutathione
as an enzymatic and non-enzymatic browning inhibitor[J]. Journal
of Food Processing and Preservation, 2017, 41: €12750.
[15] GACCHER N, WARANGKAR S C, GHOLE V S. Glu-
tathione and cinnamic acid: Natural dietary components used in pre-
venting the process of browning by Inhibition of polyphenol oxi-
dase in apple juice[J]. Journal of Enzyme Inhibition and Medicinal
Chemistry, 2004, 19(2): 175-179.
[16] %5, Resr, KAE, & %5y BACEEZ M) 28 TR
HE[T]. Rt 5 4, 2015,36(6): 113-119. [ LTUF, ZHAO
J H, ZHU M H, et al. Advances in research of the structure and
browning mechanism of polyphenol oxidase[J]. Food Research and
Development, 2015, 36(6): 113-119. ]
[17] B, 20, 2R, 5. R T EE8 L 09 BB ALE R 2%
wf) B A& [J]. M3t dm T, 2002(9): 46-48. [ MA X, WANG R M,
GUAN F M, et al. Mechanism of non-enzymatic browning of juice
and affecting factors[J]. Cereals and Oils Processing, 2002(9): 46—
48. ]
[18] AEL-F. ¥Rk TEMBBEYELGMAR D] F&:
¥ MR F %, 2006. [ ZHOU Y P. Studies of factors influencing
non-enzymatic browning of apple juice concentrate[D]. Qingdao:
Laiyang Agricultural University, 2006. ]
[19] $4% ¥R mI T EPRITBLIH D] LK P E
R K F,2004. [ ZHANG J Y. Study on the controlling technolo-
gy of browning in apple juice process[D]. Beijing: China Agricultur-
al University, 2004. ]
[20] SONGY, YAO Y X, ZHAI H, et al. Polyphenolic com-
pound and the degree of browning in processing apple varieties[J].
Agricultural Sciences in China, 2007, 6(05): 607-612.
[21] s4h4%h. FR0E B8 £ BALRE BB 09 #F R [D]. X4
L K5, 2006. [ LIUW W. Oxidative polymerization of the phe-
nolic compounds in ciders[D]. Wuxi: Jiangnan University, 2006. ]
[22] x)9p, Rakok, TR, F. R R REFERR Ly EFEAA
S B AF A I]. P EARE 4 Z,2020,168(5):29-32. [LIUC,
ZHAO J R, WANG K, et al. Analysis of flavonoid components and
contents of different apple fruits in Northeast China[J]. Forest by-
Product and Speciality in China, 2020, 168(5): 29-32. ]
[23] FXx#, ek, B2 E, F FIUEFAMMNET]. XA >
AR5 I A, 2006(1): 174-184. [LID X, WAN X C, YANG C
J, et al. Oxidation mechanism of tea catechins[J]. Natural Product
Research and Development, 2006(1): 174—184. ]
[24] GUYOT S, SERRAND S, QUERE J M L, et al. Enzymatic
synthesis and physicochemical characterization of phloridzin oxida-
tion products (POP), a new water-soluble yellow dye deriving from
apple[J]. Innovative Food Science and Emerging Technologies,
2007, 8(3): 443-450.
[25] Ee&, RATK, 2R, & HPLC %02 RE AP ER ¥R
*FH & B2wy A 2 IR & A %, 2012, 33(24):293-295.
[ WANG J, SONG X B, LIU C H, et al. HPLC determination of


https://doi.org/10.13855/j.cnki.lygs.2021.01.001
https://doi.org/10.13855/j.cnki.lygs.2021.01.001
https://doi.org/10.13855/j.cnki.lygs.2021.01.001
https://doi.org/10.3969/j.issn.1002-2910.2010.01.012
https://doi.org/10.3969/j.issn.1002-2910.2010.01.012
https://doi.org/10.1021/jf104575w
https://doi.org/10.1021/jf060845f
https://doi.org/10.16429/j.1009-7848.2020.11.037
https://doi.org/10.16429/j.1009-7848.2020.11.037
https://doi.org/10.16429/j.1009-7848.2020.11.037
https://doi.org/10.16429/j.1009-7848.2020.11.037
https://doi.org/10.3969/j.issn.1005-6521.2005.02.050
https://doi.org/10.3969/j.issn.1005-6521.2005.02.050
https://doi.org/10.1016/S0278-6915(00)00014-4
https://doi.org/10.3969/j.issn.1006-267x.2013.11.004
https://doi.org/10.3969/j.issn.1006-267x.2013.11.004
https://doi.org/10.3969/j.issn.1006-267x.2013.11.004
https://doi.org/10.3969/j.issn.1006-267x.2013.11.004
https://doi.org/10.1021/jf00059a008
https://doi.org/10.1021/jf00059a008
https://doi.org/10.1111/jfpp.12750
https://doi.org/10.1111/jfpp.12750
https://doi.org/10.1080/14756360310001640472
https://doi.org/10.1080/14756360310001640472
https://doi.org/10.3969/j.issn.1005-6521.2015.06.032
https://doi.org/10.3969/j.issn.1005-6521.2015.06.032
https://doi.org/10.3969/j.issn.1005-6521.2015.06.032
https://doi.org/10.1016/S1671-2927(07)60089-3
https://doi.org/10.3969/j.issn.1001-6880.2006.01.041
https://doi.org/10.3969/j.issn.1001-6880.2006.01.041
https://doi.org/10.3969/j.issn.1001-6880.2006.01.041
https://doi.org/10.3969/j.issn.1001-6880.2006.01.041
https://doi.org/10.1016/j.ifset.2007.03.021
https://doi.org/10.7506/spkx1002-6630-201224063
https://doi.org/10.13855/j.cnki.lygs.2021.01.001
https://doi.org/10.13855/j.cnki.lygs.2021.01.001
https://doi.org/10.13855/j.cnki.lygs.2021.01.001
https://doi.org/10.3969/j.issn.1002-2910.2010.01.012
https://doi.org/10.3969/j.issn.1002-2910.2010.01.012
https://doi.org/10.1021/jf104575w
https://doi.org/10.1021/jf060845f
https://doi.org/10.16429/j.1009-7848.2020.11.037
https://doi.org/10.16429/j.1009-7848.2020.11.037
https://doi.org/10.16429/j.1009-7848.2020.11.037
https://doi.org/10.16429/j.1009-7848.2020.11.037
https://doi.org/10.3969/j.issn.1005-6521.2005.02.050
https://doi.org/10.3969/j.issn.1005-6521.2005.02.050
https://doi.org/10.1016/S0278-6915(00)00014-4
https://doi.org/10.3969/j.issn.1006-267x.2013.11.004
https://doi.org/10.3969/j.issn.1006-267x.2013.11.004
https://doi.org/10.3969/j.issn.1006-267x.2013.11.004
https://doi.org/10.3969/j.issn.1006-267x.2013.11.004
https://doi.org/10.1021/jf00059a008
https://doi.org/10.1021/jf00059a008
https://doi.org/10.1111/jfpp.12750
https://doi.org/10.1111/jfpp.12750
https://doi.org/10.1080/14756360310001640472
https://doi.org/10.1080/14756360310001640472
https://doi.org/10.3969/j.issn.1005-6521.2015.06.032
https://doi.org/10.3969/j.issn.1005-6521.2015.06.032
https://doi.org/10.3969/j.issn.1005-6521.2015.06.032
https://doi.org/10.1016/S1671-2927(07)60089-3
https://doi.org/10.3969/j.issn.1001-6880.2006.01.041
https://doi.org/10.3969/j.issn.1001-6880.2006.01.041
https://doi.org/10.3969/j.issn.1001-6880.2006.01.041
https://doi.org/10.3969/j.issn.1001-6880.2006.01.041
https://doi.org/10.1016/j.ifset.2007.03.021
https://doi.org/10.7506/spkx1002-6630-201224063

. 454 - é’uﬁ&‘r\“/ﬂ*ﬁ

20224 9 H

proanthocyanidin B2 in different varieties of apples[J]. Food Sci-
ence, 2012, 33(24): 293-295. ]
[26] REX, KE, HBEL RIEFEHALLREI]. AT,
2015,36(5):296-304. [ ZHANG HW, ZHANG Y, MA C Y, et al.
Progress in procyanidins research[J]. Food Science, 2015, 36(5):
296-304. ]
[27] B RAREMAMKRRIET F AL ERED]. £ 5
#+42,2002(2): 147-150. [ LU L S. Recent advances in oligomeric
proanthocyanidins[J]. Food Science, 2002(2): 147—-150. ]
[28] RBHA. LA iR & 3% -F 05 R BACHE R A9 h) 75 kB
[D]. & % : & % KL KF, 2017. [WU H Z. Mechanism of
hemoglobin-mediated lipid oxidation in muscle and its inhibition[D].
Nanjing: Nanjing Agricultural University, 2017. ]
[29] 2B, ALx, ) 3, 3 AR A H Ay POP2 89 BT B 4k &
B H R R MR AR P B AR LA F, 2018, 51(1): 182-190.
[ WANG J, DENG H, LIU Y, et al. Enzymatic reaction system and
structural characterization of phloridzin oxidation products POP2
[J]. Scientia Agricultura Sinica, 2018, 51(1): 182—-190. ]
[30] TIMBOLA A K, SOUZA C D D, GIACOMELLI, et al. Elec-
trochemical oxidation of quercetin in hydro-alcoholic solution[J].
Journal of Brazilian Chemical Society, 2006, 17(1): 139-148.
[31] Ewedk. oM R B ERMAIL AT E 350 LA [D). 4
A B AL RARAR K, 2015. [ WANG X Q. Phenolic metabolism
of red-fleshed apples and its response to stress[D]. Yangling: North-
west University of Agriculture and Forestry Science and Technolo-
gy, 2015. ]
[32] FME. % madiks Rt T ¥ 48 L 0% a R itiz4 [D].
W9 % 99 7 56 K 5, 2005. [ LIP Y. Effete and control of brown-
ing caused by polyphenols in apple juice concentrate processing[D].
Xi'an: Shaanxi Normal University, 2005.
[33] # i BB A Z R L LA S B AACERR S B L
Mag#ea [J]. A3 TA2IF, 2012(5): 54-56. [ YANG X S. Effect
of heat shocking to polyphenoloxidase and polyphenol compounds
in production of blueberry juice[J]. Chemical Engineer,2012(5):
54-56.]
[34] FiRk, %k, BRE, F AFAFMHFNFC LR RS K
RAMF YA 1], P BR X, 2021,41(3): 7-12. [LIG,
LUY, MA Y F, et al. Effects of different heat sterilization condi-
tions on the composition and antioxidant activity of NFC “Dongzao”
jujube juice[J]. China Fruit and Vegetable, 2021, 41(3): 7-12. ]
[35] Zms, 3055, & Bhk, 5. AL B3t 25 MR & R ed % [T].
s AF,2010,31(7):22-27. [ WANP,LIUL, PANS Y, et al.
Effect of thermal treatment on quality of litchi juice[J]. Food Sci-
ence, 2010, 31(7): 22-27. |
[36] A& RTEEAEALEEI] ARELI,2016(12):
4-6. [ YAO S. Research progress on the mechanism of fruit juice
browning[J]. Modern Food, 2016(12): 4-6. ]
[37] x4k, F %, A5, & AL EH NFC R H & i AR
k89 %o [J]. P B R & 4R, 2021, 21(3): 193-202. [LIU W,
XU W, HU X Q, et al. Effect of pretreatment on quality and flavor
of blueberry nfc juice[J]. Journal of Chinese Institute of Food Sci-
ence and Technology, 2021, 21(3): 193-202. |
[ 38 ] KOMTHONG P, IGURA N, SHIMODA M. Effect of ascor-

bic acid on the odours of cloudy apple juice[J]. Food Chemistry,
2007, 100(4): 1342-1349.

[39] CHINNICIF, BENDINI A, GAIANI A, et al. Radical scav-
enging activities of peels and pulps from cv. Golden Delicious ap-
ples as related to their phenolic composition[J]. Journal of Agricul-
tural and Food Chemistry, 2004, 52(15): 4684—9.

[40] RONG T, YANG R, YOUNG J C, et al. Polyphenolic pro-
files in eight apple cultivars using high-performance liquid chro-
matography (HPLC)[J]. Journal of Agricultural and Food Chem-
istry, 2003, 51(21): 6347-6353.

[41] e ERZBEHE M EERLRLANKAL
[D]. £ 4%: iz 5 X 3%, 2014. [ HE J N. Research on polyphenols
from apple: preparation, identification and antioxidant activity[D].
Wuxi: Jiangnan University, 2014. ]

[42] sk®rh, 1228, XMk, 5. RIBAESK 2 P LB BT AR S
o9 #F 57 [J]. B/ A3, 2007(3):45-47. [ZHANG Y L, XU Y,
LIU J, et al. Polymerization of enzymatic oxidation in model system
of wine[J]. Liquor-Making Science and Technology, 2007(3): 45—
47. ]

(43]) 24, W2, L5 &, F GRBOMFTLED]. £ Tk
#H4%, 2009, 30(5): 341-345. [ WANG H, TIAN CR, MA S L, et
al. Research progress of chlorogenic acid[J]. Science and Technolo-
gy of Food Industry, 2009, 30(5): 341-345. ]

(44 ] AP, Ak, BEF, F. B TARR KB RAL
R AR E R e e [T R SR A A, 2020,
41(2):43-49. [ZHANG Y S, CHOU S R, CUI H J, et al. Effects
of phloretin on rheological properties, antioxidant activity and mi-
crostructure of low ester pectin under acidic conditions[J]. Food
Science, 2020, 41(2): 43—49. |

[45] # AR FREBHRRS B AL LRI REWAL [D].
F o AR K 32, 2005. [ SUN J X. Studies on extraction and
the essential biological activities of apple polyphenols[D]. Tai'an:
Shandong Agricultural University, 2005. |

[46] FAZ, LY R EMALRNTWABTRRK R A4
ER B kg ok kAT T A am A I, 2000, 17(4):
241-244. [LIC M, XIE B J. Investigation with spectrophotomet-
ric method on the radical scavenging effect of tea polyphenol and its
oxidant[J]. Fine Chemicals, 2000, 17(4): 241-244. ]

[47] % X#, DUNCAN B, POCOCK K F, & 3Rk (442 %
O FaNFgEARXBAABENEA]. PHEEHE
8, 2000(1): 52-52. [ PENG Z K, DUNCAN B, POCOCK K F,
et al. Effect of ascorbic acid (vitamin C) on oxidative browning of
white wine and model wine[J]. Chinese and Foreign Grapes and
Wines, 2000(1); 52—-52. ]

(48] #h#F 3, 24k, 2T, ¥. 3% GSH RE #5569 i L &k
FREARE R I A5 AN R F IR, 2018, 37(5):
455-462. [ XU J R, MAO J, LIU S P, et al. Study on the screening
of high gsh-yielding wine yeast and its effect on wine browning [J].
Journal of Food Science and Biotechnology, 2018,37(5): 455—
462. ]

[49 ] HERBIG A L, RENARD C. Factors that impact the stability
of vitamin C at intermediate temperatures in a food matrix[J]. Food
Chemistry, 2017, 220(1): 444-451.


https://doi.org/10.7506/spkx1002-6630-201224063
https://doi.org/10.7506/spkx1002-6630-201224063
https://doi.org/10.7506/spkx1002-6630-201224063
https://doi.org/10.7506/spkx1002-6630-201505052
https://doi.org/10.7506/spkx1002-6630-201505052
https://doi.org/10.3321/j.issn:1002-6630.2002.02.047
https://doi.org/10.3321/j.issn:1002-6630.2002.02.047
https://doi.org/10.3321/j.issn:1002-6630.2002.02.047
https://doi.org/10.3864/j.issn.0578-1752.2018.01.017
https://doi.org/10.3864/j.issn.0578-1752.2018.01.017
https://doi.org/10.1590/S0103-50532006000100020
https://doi.org/10.3969/j.issn.1002-1124.2012.05.017
https://doi.org/10.3969/j.issn.1002-1124.2012.05.017
https://doi.org/10.16736/j.cnki.cn41-1434/ts.2016.12.002
https://doi.org/10.16736/j.cnki.cn41-1434/ts.2016.12.002
https://doi.org/10.16429/j.1009-7848.2021.03.022
https://doi.org/10.16429/j.1009-7848.2021.03.022
https://doi.org/10.16429/j.1009-7848.2021.03.022
https://doi.org/10.16429/j.1009-7848.2021.03.022
https://doi.org/10.1016/j.foodchem.2005.10.070
https://doi.org/10.1021/jf049770a
https://doi.org/10.1021/jf049770a
https://doi.org/10.1021/jf049770a
https://doi.org/10.1021/jf0346298
https://doi.org/10.1021/jf0346298
https://doi.org/10.1021/jf0346298
https://doi.org/10.3969/j.issn.1001-9286.2007.03.011
https://doi.org/10.3969/j.issn.1001-9286.2007.03.011
https://doi.org/10.13386/j.issn1002-0306.2009.05.007
https://doi.org/10.13386/j.issn1002-0306.2009.05.007
https://doi.org/10.13386/j.issn1002-0306.2009.05.007
https://doi.org/10.13386/j.issn1002-0306.2009.05.007
https://doi.org/10.13386/j.issn1002-0306.2009.05.007
https://doi.org/10.7506/spkx1002-6630-20190128-356
https://doi.org/10.7506/spkx1002-6630-20190128-356
https://doi.org/10.7506/spkx1002-6630-20190128-356
https://doi.org/10.3321/j.issn:1003-5214.2000.04.017
https://doi.org/10.3321/j.issn:1003-5214.2000.04.017
https://doi.org/10.13414/j.cnki.zwpp.2000.01.030
https://doi.org/10.13414/j.cnki.zwpp.2000.01.030
https://doi.org/10.13414/j.cnki.zwpp.2000.01.030
https://doi.org/10.13414/j.cnki.zwpp.2000.01.030
https://doi.org/10.3969/j.issn.1673-1689.2018.05.002
https://doi.org/10.3969/j.issn.1673-1689.2018.05.002
https://doi.org/10.7506/spkx1002-6630-201224063
https://doi.org/10.7506/spkx1002-6630-201224063
https://doi.org/10.7506/spkx1002-6630-201224063
https://doi.org/10.7506/spkx1002-6630-201505052
https://doi.org/10.7506/spkx1002-6630-201505052
https://doi.org/10.3321/j.issn:1002-6630.2002.02.047
https://doi.org/10.3321/j.issn:1002-6630.2002.02.047
https://doi.org/10.3321/j.issn:1002-6630.2002.02.047
https://doi.org/10.3864/j.issn.0578-1752.2018.01.017
https://doi.org/10.3864/j.issn.0578-1752.2018.01.017
https://doi.org/10.1590/S0103-50532006000100020
https://doi.org/10.3969/j.issn.1002-1124.2012.05.017
https://doi.org/10.3969/j.issn.1002-1124.2012.05.017
https://doi.org/10.16736/j.cnki.cn41-1434/ts.2016.12.002
https://doi.org/10.16736/j.cnki.cn41-1434/ts.2016.12.002
https://doi.org/10.16429/j.1009-7848.2021.03.022
https://doi.org/10.16429/j.1009-7848.2021.03.022
https://doi.org/10.16429/j.1009-7848.2021.03.022
https://doi.org/10.16429/j.1009-7848.2021.03.022
https://doi.org/10.1016/j.foodchem.2005.10.070
https://doi.org/10.1021/jf049770a
https://doi.org/10.1021/jf049770a
https://doi.org/10.1021/jf049770a
https://doi.org/10.1021/jf0346298
https://doi.org/10.1021/jf0346298
https://doi.org/10.1021/jf0346298
https://doi.org/10.3969/j.issn.1001-9286.2007.03.011
https://doi.org/10.3969/j.issn.1001-9286.2007.03.011
https://doi.org/10.13386/j.issn1002-0306.2009.05.007
https://doi.org/10.13386/j.issn1002-0306.2009.05.007
https://doi.org/10.13386/j.issn1002-0306.2009.05.007
https://doi.org/10.13386/j.issn1002-0306.2009.05.007
https://doi.org/10.13386/j.issn1002-0306.2009.05.007
https://doi.org/10.7506/spkx1002-6630-20190128-356
https://doi.org/10.7506/spkx1002-6630-20190128-356
https://doi.org/10.7506/spkx1002-6630-20190128-356
https://doi.org/10.3321/j.issn:1003-5214.2000.04.017
https://doi.org/10.3321/j.issn:1003-5214.2000.04.017
https://doi.org/10.13414/j.cnki.zwpp.2000.01.030
https://doi.org/10.13414/j.cnki.zwpp.2000.01.030
https://doi.org/10.13414/j.cnki.zwpp.2000.01.030
https://doi.org/10.13414/j.cnki.zwpp.2000.01.030
https://doi.org/10.3969/j.issn.1673-1689.2018.05.002
https://doi.org/10.3969/j.issn.1673-1689.2018.05.002

%43 % 55 18

BRI , 5 SR BT A A (LRt - 455 -

[50] GAOY J,NAN HJ, HAO Y Q. Studies on quality preserva-
tion of fresh-cut apples[J]. Food Science, 2006, 27: 254-258.

[ 51 ] PASCAL W H, MIRIAM B, CHRISTIAN D, et al. Influence
of ascorbic acid, sulfur dioxide and glutathione on oxidation product
formation in wine-like systems[J]. Bio Web of Conferences,
2015(5): 02005.

[52] Whiddt, B4, TE£E. BRRKREAER R PO TILRE
[J]. AR 4R, 2021,35(7): 1639-1647. [ CHENJ M, RANMN,
WANG M X. Research progress of sulfites in food[J]. Journal of
Nuclear Agricultural Sciences, 2021, 35(7): 1639—1647. ]

[ 53] DANILEWICZJ C. Interaction of sulfur dioxide, polyphe-
nols, and oxygen in a wine-model system: Central role of iron and
copper[J]. American Journal of Enology and Viticulture, 2007, 58
(1): 53-60.

[54] BOULTON R B, SINGLETON V L, BISSON L F, et al.
Principles and practices of winemaking[M]. US: Springer, 1999.
[55] Eohde, fkende, 306, F. Spe kTR (], ¥ E 25
A % 4 & ,2019,17(4): 141-148. [ WANG X W, ZHANG H Y,
LIU Y, et al. Progress in research of glutathione[J]. Chinese Jour-
nal of Pharmaceutics, 2019, 17(4): 141-148. |

[56] YIN HS, ZHANG R K, XIA M L, et al. Effect of aspartic
acid and glutamate on metabolism and acid stress resistance of Ace-
tobacter pasteurianus [J]. Microbial Cell Factories, 2017, 16(1): 109.
[57] %, %5k, B 5 BB b 5 BeH Rk 09 BF TR (7).
£ 5= A5, 2020, 41(7): 283-291. [ SUJ, GONG R. Recent ad-
vances in understanding glutathione during wine-making process
[7]. Food Science, 2020, 41(7): 283-291. ]

[58] Rwesy, B, RAEK, . SR HFimat TG #) 25
%0 [J]. B FH3, 2019(2): 30-35. [ LIANG X F, WANG H
R, SONG C H, et al. Effects of glutathione addition on dry white
wine[J]. Liquor-Making Science and Technology, 2019(2): 30—
35.]

[ 59 ] RODRIGUEZ-BENCOMO J J, ANDUJAR-ORTIZ I, SAN-
CHEZ-PATAN F, et al. Fate of the glutathione released from inac-
tive dry yeast preparations during the alcoholic fermentation of
white musts[J]. Australian Journal of Grape and Wine Research,
2016, 22(1): 46-51.

[60] LAVIGNE V, PONS A, DUBOURDIEU D. Assay of glu-
tathione in must and wines using capillary electrophoresis and laser-
induced fluorescence detection: Changes in concentration in dry
white wines during alcoholic fermentation and aging[J]. Journal of
Chromatography A, 2007, 1139(1): 130—-135.

[61] SONNIF, MOORE E G, CLARK A C, et al. Impact of glu-
tathione on the formation of methylmethine-and carboxymethine-
bridged (+)-catechin dimers in a model wine system[J]. Journal of
Agricultural and Food Chemistry, 2011, 59(13): 7410-7418.

[62] XUIN,QIY M, ZJ, et al. Effect of reduced glutathione on
the quality characteristics of apple wine during alcoholic fermenta-
tion[J]. Food Chemistry, 2019, 300: 125—130.

[63] DUY J,DOU S Q, WU S J. Efficacy of phytic acid as an in-
hibitor of enzymatic and non-enzymatic browning in apple juice[J].
Food Chemistry, 2012, 135(2): 580—582.

[ 64 ] WEBBER, V, DUTRA S V, SPINELLI F R, et al. Effect of
glutathione during bottle storage of sparkling wine[J]. Food Chem-
istry, 2017, 216: 254-259.

[65] 3l vf 5. A& SACHI A R 69 SR BT 20 Fo b ) 25 [J].
AHPALF,2001(11): 884-889. [ LIU Z L. Microenvironmental ef-
fects and synergistic effects of bio-antioxidants[J]. Chinese Journal
of Organic Chemistry, 2001(11): 884—889. ]

[66] AZ, #L&, La. AMRANMN LA GH LK
[J]. o 55 & B T ik, 2006, 32(1): 62-67. [ZUO Y, XIE W L,
WANG H. New development of the biological antioxidants[J].
Food and Fermentation Industries, 2006, 32(1): 62—67. ]

[ 67 ] LIU R H. Health benefits of fruit and vegetables are from ad-
ditive and synergistic combinations of phytochemicals[J]. Ameri-
can Journal of Clinical Nutrition, 2003(3): 5178S.

[68] BT %, &, Mtk KRR Z I b FA4E A AR
R [T]. &% Tk AH44,2010(7): 414-417. [ SHENG X F, PENG
Y, CHEN J C. Research progress in synergistic effect between natu-
ral antioxidants [J]. Science and Technology of Food Industry, 2010
(7):414-417. ]

[69] KA, FH4, HE, & RFEBTIMHARLI]. B2 L
Ji B A 4R, 2015(12): 4755-4761. [ MIG, LI X S, HAN H, et
al. Inhibition of browning of purple potato wine[J]. Journal of Food
Safety and Quality, 2015(12): 4755-4761. ]

[ 70 ] FRACASSETTI D, COETZEE C, VANZO A, et al. Oxygen
consumption in south african sauvignon blanc wines: Role of glu-
tathione, sulphur dioxide and certain phenolics[J]. South African
Journal for Enology and Viticulture, 2013, 34(2): 156—169.

[71] MAZ. Sk FER T 6956 A A4S BAL AT R [D]. £
4 it d K5, 2005. [ ZHAO G Y. Studies on producing cloudy
apple juice and storage stability of the products[D]. Wuxi: Jiangnan
University, 2005. ]


https://doi.org/10.11869/j.issn.100-8551.2021.07.1639
https://doi.org/10.11869/j.issn.100-8551.2021.07.1639
https://doi.org/10.11869/j.issn.100-8551.2021.07.1639
https://doi.org/10.1186/s12934-017-0717-6
https://doi.org/10.7506/spkx1002-6630-20190411-151
https://doi.org/10.7506/spkx1002-6630-20190411-151
https://doi.org/10.13746/j.njkj.2018261
https://doi.org/10.13746/j.njkj.2018261
https://doi.org/10.1111/ajgw.12161
https://doi.org/10.1016/j.chroma.2006.10.083
https://doi.org/10.1016/j.chroma.2006.10.083
https://doi.org/10.1021/jf200968x
https://doi.org/10.1021/jf200968x
https://doi.org/10.1016/j.foodchem.2012.04.131
https://doi.org/10.1016/j.foodchem.2016.08.042
https://doi.org/10.1016/j.foodchem.2016.08.042
https://doi.org/10.1016/j.foodchem.2016.08.042
https://doi.org/10.3321/j.issn:0253-2786.2001.11.014
https://doi.org/10.3321/j.issn:0253-2786.2001.11.014
https://doi.org/10.3321/j.issn:0253-2786.2001.11.014
https://doi.org/10.3321/j.issn:0253-990X.2006.01.015
https://doi.org/10.3321/j.issn:0253-990X.2006.01.015
https://doi.org/10.13386/j.issn1002-0306.2010.07.087
https://doi.org/10.13386/j.issn1002-0306.2010.07.087
https://doi.org/10.19812/j.cnki.jfsq11-5956/ts.2015.12.011
https://doi.org/10.19812/j.cnki.jfsq11-5956/ts.2015.12.011
https://doi.org/10.19812/j.cnki.jfsq11-5956/ts.2015.12.011
https://doi.org/10.19812/j.cnki.jfsq11-5956/ts.2015.12.011
https://doi.org/10.11869/j.issn.100-8551.2021.07.1639
https://doi.org/10.11869/j.issn.100-8551.2021.07.1639
https://doi.org/10.11869/j.issn.100-8551.2021.07.1639
https://doi.org/10.1186/s12934-017-0717-6
https://doi.org/10.7506/spkx1002-6630-20190411-151
https://doi.org/10.7506/spkx1002-6630-20190411-151
https://doi.org/10.13746/j.njkj.2018261
https://doi.org/10.13746/j.njkj.2018261
https://doi.org/10.1111/ajgw.12161
https://doi.org/10.1016/j.chroma.2006.10.083
https://doi.org/10.1016/j.chroma.2006.10.083
https://doi.org/10.1021/jf200968x
https://doi.org/10.1021/jf200968x
https://doi.org/10.1016/j.foodchem.2012.04.131
https://doi.org/10.1016/j.foodchem.2016.08.042
https://doi.org/10.1016/j.foodchem.2016.08.042
https://doi.org/10.1016/j.foodchem.2016.08.042
https://doi.org/10.3321/j.issn:0253-2786.2001.11.014
https://doi.org/10.3321/j.issn:0253-2786.2001.11.014
https://doi.org/10.3321/j.issn:0253-2786.2001.11.014
https://doi.org/10.3321/j.issn:0253-990X.2006.01.015
https://doi.org/10.3321/j.issn:0253-990X.2006.01.015
https://doi.org/10.13386/j.issn1002-0306.2010.07.087
https://doi.org/10.13386/j.issn1002-0306.2010.07.087
https://doi.org/10.19812/j.cnki.jfsq11-5956/ts.2015.12.011
https://doi.org/10.19812/j.cnki.jfsq11-5956/ts.2015.12.011
https://doi.org/10.19812/j.cnki.jfsq11-5956/ts.2015.12.011
https://doi.org/10.19812/j.cnki.jfsq11-5956/ts.2015.12.011
https://doi.org/10.11869/j.issn.100-8551.2021.07.1639
https://doi.org/10.11869/j.issn.100-8551.2021.07.1639
https://doi.org/10.11869/j.issn.100-8551.2021.07.1639
https://doi.org/10.1186/s12934-017-0717-6
https://doi.org/10.7506/spkx1002-6630-20190411-151
https://doi.org/10.7506/spkx1002-6630-20190411-151
https://doi.org/10.13746/j.njkj.2018261
https://doi.org/10.13746/j.njkj.2018261
https://doi.org/10.1111/ajgw.12161
https://doi.org/10.1016/j.chroma.2006.10.083
https://doi.org/10.1016/j.chroma.2006.10.083
https://doi.org/10.11869/j.issn.100-8551.2021.07.1639
https://doi.org/10.11869/j.issn.100-8551.2021.07.1639
https://doi.org/10.11869/j.issn.100-8551.2021.07.1639
https://doi.org/10.1186/s12934-017-0717-6
https://doi.org/10.7506/spkx1002-6630-20190411-151
https://doi.org/10.7506/spkx1002-6630-20190411-151
https://doi.org/10.13746/j.njkj.2018261
https://doi.org/10.13746/j.njkj.2018261
https://doi.org/10.1111/ajgw.12161
https://doi.org/10.1016/j.chroma.2006.10.083
https://doi.org/10.1016/j.chroma.2006.10.083
https://doi.org/10.1021/jf200968x
https://doi.org/10.1021/jf200968x
https://doi.org/10.1016/j.foodchem.2012.04.131
https://doi.org/10.1016/j.foodchem.2016.08.042
https://doi.org/10.1016/j.foodchem.2016.08.042
https://doi.org/10.1016/j.foodchem.2016.08.042
https://doi.org/10.3321/j.issn:0253-2786.2001.11.014
https://doi.org/10.3321/j.issn:0253-2786.2001.11.014
https://doi.org/10.3321/j.issn:0253-2786.2001.11.014
https://doi.org/10.3321/j.issn:0253-990X.2006.01.015
https://doi.org/10.3321/j.issn:0253-990X.2006.01.015
https://doi.org/10.13386/j.issn1002-0306.2010.07.087
https://doi.org/10.13386/j.issn1002-0306.2010.07.087
https://doi.org/10.19812/j.cnki.jfsq11-5956/ts.2015.12.011
https://doi.org/10.19812/j.cnki.jfsq11-5956/ts.2015.12.011
https://doi.org/10.19812/j.cnki.jfsq11-5956/ts.2015.12.011
https://doi.org/10.19812/j.cnki.jfsq11-5956/ts.2015.12.011
https://doi.org/10.1021/jf200968x
https://doi.org/10.1021/jf200968x
https://doi.org/10.1016/j.foodchem.2012.04.131
https://doi.org/10.1016/j.foodchem.2016.08.042
https://doi.org/10.1016/j.foodchem.2016.08.042
https://doi.org/10.1016/j.foodchem.2016.08.042
https://doi.org/10.3321/j.issn:0253-2786.2001.11.014
https://doi.org/10.3321/j.issn:0253-2786.2001.11.014
https://doi.org/10.3321/j.issn:0253-2786.2001.11.014
https://doi.org/10.3321/j.issn:0253-990X.2006.01.015
https://doi.org/10.3321/j.issn:0253-990X.2006.01.015
https://doi.org/10.13386/j.issn1002-0306.2010.07.087
https://doi.org/10.13386/j.issn1002-0306.2010.07.087
https://doi.org/10.19812/j.cnki.jfsq11-5956/ts.2015.12.011
https://doi.org/10.19812/j.cnki.jfsq11-5956/ts.2015.12.011
https://doi.org/10.19812/j.cnki.jfsq11-5956/ts.2015.12.011
https://doi.org/10.19812/j.cnki.jfsq11-5956/ts.2015.12.011

	1 苹果汁氧化褐变反应
	1.1 酶促褐变机理
	1.2 非酶促褐变机理
	1.3 苹果汁中的酚类物质在褐变过程中的作用
	1.4 影响苹果汁褐变的环境因素

	2 常见的苹果汁抗氧化剂
	2.1 苹果多酚
	2.2 抗坏血酸
	2.3 二氧化硫
	2.4 谷胱甘肽

	3 抗氧化剂协同护色
	4 结论与展望
	参考文献

