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Table 1 The influence of some metal on wine or model wine

Y T A F] BB R ALBLE P 8ok K H Lk
Cu 9.6~16 mg/L A&4R R & % EE B R &R B & [26],[27]
19.2~22.4 mg/L. 4R TR EE B, RE T T4 T %
32,64,96 mg/l. F4R R TR, R E T B E BRI
Cu 2 22 o R AR K F) 2548 RAZ L K [28]
H b5 “E R 5 A" (HS MeSH) 7 & [29]
2.5,5,7.5,10,30,50 mg/L. Cu®, Ji &k AL , B0 & AR | 5 98 3 3% [30]
Fe 3,5,8 mg/L Fe, & AL E A 20 B 1 ALK | B2 B0E 48 & A2 ALK [28]
1 mg/L Fe¥sd 36 &, 3 a4 42 5 1 A AR A AF A [311,[32]
5 mg/L Fe**f 78 & 3 09 48 2t £ % R
10 mg/LL Fe* AR 36 & 4 09 #4 2 1k
2.5,5,7.5,10,30,50 mg/L Fe*, i & LM & B E iR R ERG IR BB B I EF [30]
AFHme
Ca BAR R & €98 42 3 M &AL [33]
K EEEORLE e ) A UE T R & [34]
RESBERECRBRERER, FAABETRERZEES [331,[35]
Zn WRMARMAABHORE HhE AHE TRPEEFANRE [36
Al BB R D BR Y KERCRS [34]
Mg BB FAERER D, RABRE [34]
Ca.Na 1~10 mg/L 5F 36 & 3 49 42 5 P2 A ARMAE A [32]

Mn .Ba

B, TSR RE M A5 T B RN
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Fig.2 General structure of metal—anthocyanin complexes'®
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Table 2 The mechanism of metal elements affecting wine quality

ARt % A R AL K Lk
MBRE AL RAETHEREOLAARSBEEONRETRER [36],[38]
YoaF B A RSN, Yk SR [41]~43]
£ A& K F ROS, 51 A H & vt A & A AR B [42],[43]
AR O B A B 7K T 4R B A ) BB BE A A KR R R A E R YR A TR [471~[50]
) BB 4 0T B ROS, & & A AL B8 [511~[53]

WnEE Fe it 2 &AL B At A2 FHAMBE [27],[28],[54]~[56]

%A L VSCs 09 % it £2 i ra ] 8 8 F A AR R Ak
ehEBTEREF S THEIRABREZEH R, HaRe

[25],129],[59],[60]
[61],[62]




236 H11 W

BB F AR BB P ER 451

GrIRANAS | R LA % A 4 e i o [ A
R SRS A, RIE 5 SR &
UL APSMSK Ry #e R B S M AT 48
HWERF A REARIFERASCRRS, 2L
ARl TR ESEE TS 5T BA LY
TSR AT, BEM AR E
14 B S5 ety i A0 BLVE AR 1 i
Bilan, T Fe* Fe M2 FHLiE A 14
HLF i 46 O S A BERAS  WBE A R  S fE ety
YT IYEEAET RS AP K AR S0 2 8
oA T TR VS VR P Al L ROR E — AD H Mg™
MRE S MRS A, IR TIRAH Mg FfE @i
FReEsr ek R, RAMIERIAR R R T
RO 5 2 Mg B ) — e it R AR 5 Mg iy
ARG, FRM Mg S dks 5061 R
L, 3T WAL o AN A A G 1 BIL ) D5 R A 7
— 5T, ZhE R LA REZW YRR GE
W54 R TIER 4 B 1Sl A RUERE,
T 2O 4 ot 20 AT 1R FALHNC B2,

4 RREE

AT A G RITR T B AR A AT
FEIX IR T 224 R BB A, BEH RHE AR
MR, Jm IR N A I ARt A5 B VAR
B, A B AL LB A B 9 1 AN A <
0 ER PR v I R O B, A A 4 T A
S M M DR R AR T B, B T AR
A HLIR' 35 Ak Jo 1| B2 1 AR S
e KRR R b R TR e b s
AR T [ A1 E AT AH SCRIFFEO e [ 4 2 309 7l
TEPN ST, SRTXT T8 45 1 ity o 2 i A
HER) T B &R i, s = A BAR AR
R A bR S B AR T ASCEE 5 4 1 75 i S A
A8 2 A7 46 Ay Sl i 1T 33 X ] Ay 2 4 0 3 11
T HEAT bt P S 0 LA M, R — IO ) B AR
7,

<5 J AR A 4 T P O B A I BL S 42
T FR G IR AW I , HELEBIE 5T 5 B A ] B 2
SRHBCH BLGE , T RE 5 e E AR R F AR R A 5,
R R o S A 0% R T SR I A 2 T
FIIRTE A b B A A0S 1Y) < Je 2L A L A DA

530 v B W O 4 TR R X 2 T T R U 1) T
IR ARFE M, i, SO AE A8 114 2H B0 35 173
B A B R A 0 R G S 20
MR AN Jm s T P R A, XA T R B —
HEIE, H AT EPLH )RR R ZHE T o)
TR, o AR R R 45 S AR L
B XA G — TR BT 1 I PR

& % x #t

(1] SRR, Bk, B, . 548 W XA 4 G

R Y I 5 e AL o AT S R R, v A A 5
W, 2021(5): 60-64.
ZHANG X Y, ZHAO W, ZHAO H, et al. Re-
search progress on the impact mechanisms of copper
on wine and Saccharomyces cerevisiae|]]. Sino—Over-
seas Grapevine & Wine, 2021(5): 60-64.

2] X%, FEE, kB, FOEYERSARESR
TEREL)). APl 2018(1): 102-106.

LIU L, LI H T, ZHANG S W, et al. Chromium
enrichment and human nutrition|J]. Biotechnology &
Business, 2018(1): 102-106.

(3] IRLAME. AT Y Bk OC R R L] R R
2014, 33(4): 158-160.

WEN J H. Iron and its effect in grape winelJ]. Chi-
na Brewing, 2014, 33(4): 158-160.

[4]  ZcWl, 284, B, % WEN D EEY BT
FEBEFE[I]. h oM SR, 2004(5) . 7-10.
LI J M, JIANG Z J, DUAN H,
the main mineral elements in wine[J]. Sino—Overseas
Grapevine & Wine, 2004(5): 7-10.

[5] #idde, XA, WEA, 5. BT H w00
e W o AR v B R 2R R 9 AR A ) =[] A AL
24, 2018, 49(8): 360-367.

LI'Y K, WANG X J, JIN G J, et al. Kinetical

feature for acetate esters production during Ecolly

et al. Study on

dry white wine fermentation|J]. Transactions of the
Chinese Society for Agricultural Machinery, 2018,
49(8): 360-367.

[6] BB, JEEPDL, KR, A ORI PRER T AL
AL T 5 G SCPE S AT ). T AR A S R
W, 2022(2): 1-7.
WU L L, FAN S Y, ZHANG Y, et al. Correlation
between anthocyanins and color of aging red wines

from different regions of China [J]. Sino —Overseas



452

O

B

= QYA
=

2023 55 11

i

(7]

9]

[10]

[11]

[12]

[13]

[14]

Grapevine & Wine, 2022(2). 1-7.

LA S A % T e 1) R A A (D). P A
A5 WA, 2004(5): 40-44.

PENG D H. Analysis of main factors affecting wine
quality[J]. Sino-Overseas Grapevine & Wine, 2004
(5): 40-44.

WG B, XUSCHT, PhaxdE, SF. BTEE LSO M XA
I A T R KU IR AG ()] B S L,
2022, 48(8): 76-81.

Jl R J, LIU W H, SUN J K, et al. Trace ele-
ments health risk assessment of the wine from Wuji-
aqu area in Xinjiang[J]. Food and Fermentation In-
dustries, 2022, 48(8): 76-81.

Hkarse, VR, FRRAE S ARRE R E SR ). e
RS, 2020, 47(1): 11-16, 36.

ZHANG J Y, WANG H. Zinc fertilizer application
and human zinc nutrition [J]. Fertilizer & Health,
2020, 47(1): 11-16, 36.

INCE M, INCE O K, ONAL A. Exposure to copper
and risk assessment for human health via consump-
tion of alcoholic beverages|J]. Journal of Food Sci-
ence and Technology, 2021, 58(2). 510-519.
ik, WEsE, kTR, S BT CIELAB (A%
[ f) 21 7 % 9 B30 €0 B0 WL SR AR [T]. ARk AL AR A i
2017, 48(6): 296-301.

LI' Y K, HAN F L, ZHNAG Y L, et al. Visual-
ization for representation of red wine color based on
CIELAB color spacel]].
Society for Agricultural Machinery, 2017, 48 (6):
296-301.

FEECH, AR, BRECSC, S DR A R HURA
V6] % 4 9 o R HG A pK A 2 3 R b oz D). o
[ BRE, 2021, 40(10): 118-122.

QI B'Y, HONG M N, CHEN Y W, et al. Screen-
Torulaspora delbrueckii

China

Transactions of the Chinese

ing of superior indigenous
and its application in icewine brewing [J].
Brewing, 2021, 40(10): 118-122.

RGEHE, 7B, SHAEEE AR AR WL T o
BN B TR OC B S P O BE S0, b R
2021, 40(7): 58-64.

XU X Y, WAN R Q, MA Y Q, et al. Isolation
and identification of non —Saccharomyces cerevisiae
and key enzyme activity for ester production[]]. Chi-
na Brewing, 2021, 40(7). 58-64.

B, TR, RUkLD, S OREEERE R R O
R 41 W A SR BEIE[T]. B AR, 2000,

[16]

[17]

[18]

[19]

[20]

[21]

30(2): 185-189.

LI J M, YU J, WU J H, et al. Study on aromatic
components of Cabernet Sauvignon dry red wine fer-
mented with different species of yeast strain[]J]. Food
Science, 2009, 30(2). 185-189.

INARTT . 4 J8 U 30 A 4 IS A S M R IR ()], T A
+, 2005(4): 75-77.

SUN D F. Effects of metallic elements on the sta-
bility of grape wine[J]. Liquor —-Making Science &
Technology, 2005(4): 75-77.

MOEHRING M J, HARRINGTON P B. Analysis of
wine and its use in tracing the origin of grape cul-
tivation[J]. Critical Reviews in Analytical Chemistry,
2022, 52(8): 1901-1912.

WEZE, THOR, &AL, . N ICP-MS R
T ZE 7 45 10 v 40 FPOCE Y & ()], oLl 5 RiE o
Br, 2007(5): 1015-1017.

RUL' Y K, YU Q Q, JIN Y H, et al. Application
of ICP-MS to the detection of forty elements in
wine [J]. Spectroscopy and Spectral Analysis, 2007
(5): 1015-1017.

FEVE, HUfBke, BRKAE, 4. M ICP-MS 5 it
IR 12 RROC R S ] )T AR T, 2021,
48(14). 226-228, 231.

CHENG J, DAI W T, QIU Y S, et al. Determina-
tion of 12 elements in imported wine by ICP-MSJJ].
Guangdong Chemical Industry, 2021, 48(14). 226-
228, 231.

W, WzgE, Bd, S MRIE N -ICP-MS %
s i 45  vh 26 A BLOC R ()] BRI AL, 2019
(1): 110-115.

YANG X W, DENG Z H, MU J. Determination of
26 mineral elements in wine by wet digestion—ICP—
MS [J]. Liquor-Making Science & Technology, 2019
(1): 110-115.

XE, FRE, B W0 E kIR X A
KA % W BT R AR AR R A )] P RS, 2019,
38(1): 179-182.

LIU X, LI C X, JIAO Y. Characteristics analysis of
mineral elementsin  soil, grapes and wine from
Zhangye region of Hexi Corridor[J]. China Brewing,
2019, 38(1): 179-182.

BRED, JFAESE, AR, 4. 7= Hb b o 4 R XA
L1 2R 78 TR TS R 2 1 52 e B KU PR AR D], o R
2020, 39(7): 178-181.

CHEN X, KAI J] R, NIU Y, et al. Effects of heavy



236 H11 W

& B L F AW E BT AR

453

[22]

[24]

[25]

[26]

[27]

(28]

[29]

metals in soil on wine grape in the Helan Moun-
tain’s Eastern Region and risk assessment[J]. China
Brewing, 2020, 39(7). 178-181.

ROUSSEVA M, KONTOUDAKIS N, SCHMIDTKE L
M, et al. Impact of wine production on the frac-
tionation of copper and iron in Chardonnay wine:
Implications for oxygen consumption[]J]. Food Chem-
istry, 2016, 203. 440-447.

XU, s, XUREHE, 2050 4509 46 65 5 B R
A FT R BT T k)], RO AR, 2010, 43
(12): 2518-2526.

LIU L Y, YUAN W, LIU Y L. Advances in re-
search of red wine’s anthocyanin copigmentation [J].
Scientia Agricultura Sinica, 2010, 43(12): 2518-
2526.

MOROZOVA K, SCHMIDT O, SCHWACK W. Im-
pact of headspace oxygen and copper and iron ad-
dition on oxygen consumption rate, sulphur dioxide
loss, colour and sensory properties of Riesling wine
[J]. European Food Research and Technology, 2014,
238(4): 653-663.

KONTOUDAKIS N, SMITH M, GUO A Q, et al
The impact of wine components on fractionation of
Cu and Fe in model wine systems: Macromolecules,
phenolic and sulfur compounds [J]. Food Research
International, 2016, 98. 95-102.

SUN X Y, MA T T, HAN L Y, et al. Effects of
copper pollution on the phenolic compound content,
color, and antioxidant activity of wine[J]. Molecules,
2017, 22(5): 726-741.

N TR A A v R 4 BT B X A 4 7 o
AR IA[D]. dbat: PERL Y, 2017.

SUN X Y. Analysis of the copper content in Chi-
nese domestic wines and the effect of copper on
wine quality[D]. Beijing: China Agriculture Universi-
ty, 2017.

SRAH . A E AR A Y HL B T R BT S AL
BARPIBEIED]. k. PHALRMBHERY:, 2007,
GUO A Q. Mechanisms of oxidative browning of
wine and antioxidant alternative to sulfur dioxide in
wine [D].
2007.
MARLIZE Z B, AGNIESZKA M V, PAUL A S, et
al. The effects of pH and copper on the formation

Yangling: Northwest A & F University,

of volatile sulfur compounds in Chardonnay and Shi-

raz wines post —bottling [J]. Food Chemistry, 2016,

[30]

132]

[33]

[34]

[35]

[36]

[37]

[38]

207 148-156.

K2R, BEA, B, L WaNEEELEPN
B PR Z X B R MR A )] B R AEE S OT R,
2016, 37(5): 15-19.

ZHANG Z Z, DENG Y J, ZHAO Y, et al. Analy-
sis of the factors affecting the stability of antho-
cyanins wine in fermentation process|[J]. Food Re-
search and Development, 2016, 37(5): 15-19.
SRAL AL, EUUER. IR RS A A €4 2R B 1Y B
gE[J]. HEERE, 2009, 28(12): 88-90.

ZHANG C J, WANG S H. Research on pigment
during wine fermentation[J]. China Brewing, 2009,
28(12): 88-90.

JE 152 105 . 7 46 € 1 A 78 € R AR B HE 7 S 03 217
W FE N D] PR . Wb k2®, 2015.

KANG X O. Characteristic of grape anthocyaninsand
its application in identification of pigment in red
wine[J]. Baoding: Hebei University, 2015.
ZSUZSANNA C, IBOLYA H, LASZLO K, et al.
The effect of temperature, pH, and ionic strength
on color stability of red wine[J]. Tetrahedron, 2015,
71(20): 3027-3031.

SAEH, Wi, wmlE, S S)m T LB RS m
XA U4 A T O G B R T, B S R T
Tolk, 2022, 48(6): 15-24.

WU J D, ZHANG B, HAN L T, et al. Effects of
metal ion and phenolic acid additions on the copig-
mentation of simulated wine solution[J]. Food and
Fermentation Industries, 2022, 48(6). 15-24.
ZSUZSANNA C, IBOLYA H, LASZLO K, et al
Unexpected effect of potassium ions on the copig-
mentation in red wines[J]. Food Research Interna-
tional, 2012, 45(1). 272-276.

RAAIE. B 70 2R X0 A JEE B 4 2R 52 5 0 4 T o K
i B K E D). #E . PR AR K7,
2018.

SONG C Z. Influence of zinc on the quality of
Merlot grape and wine and the growth of Merlot
seedlings responding to excess zinc [J]. Yangling:
Northwest A & F University, 2018.

SANDOR K M, ERIKA O, LASZLO K, et al. Ef-
fect of ferrous and ferric ions on copigmentation in
model solutions [J]. Journal of Molecular Structure,
2008, 891(1): 471-474.

XIARAS, i, AN, A W T A A AR Y
A S 1 R e G5 4R B K Vo CTR 1 WY e B B2 53 #r



454 OE A IR 2023 455 11 1
[J]. M aRA R 22254, 2018, 41(2): 256-265. of different commercial wine yeast strains|[J]. Aus-
LIU Z J, LI A, CUL M J, et al. Physiological re- tralian Journal of Grape and Wine Research, 2006,
sponses to copper stress in grape plants and cloning 12(1): 50-56.
and analysis of copper transport VvCTRI gene []]. [46] ROBINSON N, WINGE D. Copper metallochaper-
Journal of Nanjing Agricultural University, 2018, 41 ones[J]. Annual Review of Biochemistry, 2010, 79
(2): 256-265. (1): 537-562.

[39] sk#EZE, Apukim, FERR, . AR R E AL BE Xk [47] SUN X Y, YU Z, LIU L L, et al. Copper toler-
Faa R ER]. 2254, 2008, 35(10): ance and biosorption of Saccharomyces cerevisiae
1405-1410. during alcoholic fermentation[J]. PLoS One, 2015,
ZHANG X R, YANG H Q, SUI J, et al. Calcium 10(6): e0128611.
protects grape leaves against cadmium stress by root [48] WANG L H, WANG R H, ZHAN J C, et al
treatment [J]. Acta Horticulturae Sinica, 2008, 35 High levels of copper retard the growth of Saccha-
(10): 1405-1410. romyces cerevisiae by altering cellular morphology

[40] sk& R, #iZal, W, % WAEASEERTRS and reducing its potential for ethanolic fermentation
it ). AN A S R AT, 2018(5): 53-56. [J]. International Journal of Food Science & Tech-
ZHANG F M, LAI C C, PAN H, et al. Nutrient nology, 2020, 56(6): 2720-2731.
requirement and application measures of calcium for [49] SUN X Y, LIU L L, MA T T, et al. Effect of
grape [J]. Sino —Overseas Grapevine & Wine, 2018 high Cu?* stress on fermentation performance and
(5): 53-56. copper biosorption of Saccharomyces cerevisiae dur-

[41] THEMR, HEEH, s, . 4R P X AT IR ing wine fermentation|[J]. Food Science and Technol-
St b A BIURR bR R GRS A 1 B2 1], R AR A ogy, 2019, 39(1): 19-26.

i, 2007, 18(12). 2727-2732. [S0] STEHLIK T V, GULAN Z V, STANZER D, et al.
Jl W D, SHI G X, YANG H Y, et al. Effects of Zinc, copper and manganese enrichment in yeast
Cu?* stress on leaf physiological indice and ultra- Saccharomyces cerevisae[J]. Food Technology and
structure of Potamogeton malaianus|J]. Chinese Jour- Biotechnology, 2004, 42(2). 115-120.

nal of Applied Ecology, 2007, 18(12). 2727-2732. [S1] BANCI L, BERTINI I, CANTINI F, et al. Cellular

[42] BT, B XA ] R A S T A E AL A copper distribution: A mechanistic systems biology
HWEFE[D]. B . I ZRIBE R 2, 2009. approach [J]. Cellular & Molecular Life Sciences,
GUAN H. Primary study on the toxic mechanism of 2010, 67(15): 2563-2589.

Cu?* on the grape test tube seedlings[D]. Jinan: [52] #LE, ZEiE2, ZEER, S, A T R AR R
Shandong Normal University, 20009. A AL WA ML ] gk BE2E 2011, 44(2):

[43] ZB5E. ARV b X A A bel T 4 R S VT A B A 369-378.

A AR ERE D] KV BImAL R, 2016. DU J, LI H L, LI H, et al. Oxidative stress of
GUO L. The evaluation on the heavy metal content wine yeasts under copper exposure|]]. Scientia Agri-
of vineyards in the Changsha —Zhuzhou —Xiangtan cultura Sinica, 2011, 44(2). 369-378.

Area and the effects of Cd on the physiological [53] MIGOCKA M. Copper —transporting ATPases: The
characteristics of the grape[D]. Changsha: Hunan A- evolutionarily conserved machineries for balancing
gricultural University, 2016. copper in living systems[]J]. lubmb Life, 2015, 67

[44] AZENHA M, VASCONCELOS M, MORADAS - (10): 737-745.

FERREIRA P. The influence of Cu concentration on [54] ZE4 3. A0 g R 008 28 o A B Oy A R

ethanolic fermentation by Saccharomyces cerevisiae TEMFSE[D]. e . PEACRMBIE R, 2021.

[J]. Journal of Bioscience and Bioengineering, 2000, LI J L. Speciation analysis and distribution charac-

90(2): 163-167. teristics of iron, copper and manganese in wine[D].
[45] FERREIRA J, TOIT M, TOIT W. The effects of Yangling: Northwest A & F University, 2021.

copper and high sugar concentrations on growth,

fermentation efficiency and volatile acidity production

[55]

DANILEWICZ ] C. Reactions involving iron in me-

diating catechol oxidation in model wine[J]. Ameri-



236 H11 W

& B L F AW E BT AR

455

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

can Journal of Enology and Viticulture, 2013, 64
(3): 316-324.

CLARK A C, DIAS D A, SMITH T A, et al. Tron
(IIT) tartrate as a potential precursor of light —in-
duced oxidative degradation of white wine: Studies
in a model wine system[J]. Journal of Agricultural
and Food Chemistry, 2011, 59(8): 3575-3581.
KATHERINE M, JOSE P N, ISIDRO H G, et al.
Systematic study of hydroxyl radical production in
white wines as a function of chemical composition[]].
Food Chemistry, 2019, 288. 377-385.

G 3. T LI % 0 R T AT 1) 2 T T S Ak B E Y
i N ALHI[D]. MEE . ME G K2, 2020.

LI S Y. Response mechanism of acetaldehyde to
oxygen exposure during aging process of dry red
wine[D]. Yantai: Yantai University, 2020.
VIVIERS M Z, SMITH M E, WILKES E,
Effects of five metals on the evolution of hydrogen
sulfide,

anaerobic storage of Chardonnay and Shiraz wines|J].

et al.

methanethiol, and dimethyl sulfide during
Journal of Agricultural and Food Chemistry, 2013,
61(50): 12385-12396.

NEDJMA M, HOFFMANN N. Hydrogen sulfide re-
activity withthiols in the presence of copper (II) in
hydroalcoholic  solutions orcognac brandies: Forma-
tion of symmetrical and unsymmetrical dialkyltrisul-
fides[J]. Journal of Agricultural and Food Chemistry,
1996, 44(12). 3935-3938.

LI Y, PREJANO M, TOSCANO M,

and quercetin copigmentation: Highlights from den-

et al. Oenin

sity functional theory [J]. Frontiers in Chemistry,
2018, 6, 245.

MORI M, KONDO T, YOSHIDA K. Cyanosalvian-
in, a supramolecular blue metalloanthocyanin, from
petals of Salvia uliginosal)J]. Phytochemistry, 2008,
69(18): 3151-3158.

SIGURDSON G T, ROBBINS R J, COLLINS T M,
et al. Evaluating the role of metal ions in the
bathochromic and hyperchromic responses of cyanidin
derivatives in acidic and alkaline pH[J]. Food Chem-
istry, 2016, 208(1): 26-34.

DIEGO L V, REGINA C, PAULINA O,

Protection of color and chemical degradation of an-

et al.

thocyanin from purple com (Zea mays L.) by zinc

ions and alginate through chemical interaction in a

[65]

[66]

[67]

[68]

[69]

[70]

[71]

beverage model [J]. Food Research International,
2018, 105: 169-177.

MOURAD E, CHARLOTTE C, FRANCK M, et al.
Complexation  of (IIT) by
polyphenols[J]. Inorganica Chimica Acta, 2006, 360
(1): 353-359.

TRAEF, AR, AR AN T Rl £ A T AR T
o R0 AR 8 35 8 S0 L R ()], Ak TR AR
2006, 22(10): 216-221.
ZHANG ] X, FENG C G,

red wines from different grape cultivars by high —

iron catecholate —type

LI H. Recognition of

performance liquid chromatography anthocyanins fin-
gerprint[J]. Transactions of the Chinese Society of A-
gricultural Engineering, 2006, 22(10): 216-221.
T, THE, DEAR. A LR 4R SR 3 R e
L1 5 T A A R G DT A O IR AT ). R
B, 2013(9): 102-106.

XIN R Z, DING M, BU L W. Research on rapid
identification of original Juice content in Mountain
Grape Wine and its blending wine by organic acid
fingerprint[J]. Liquor—Making Science & Technology,
2013(9): 102-106.

PR BR/ANL, BRSCBE, S UM @SR SR g
WL IEAT L0 AW T AR R AE D). B R R, 2013,
34(18): 253-257.

XIE J J, CHEN X F, CHEN W R, et al. Tracing
the geographical origin of red wine based on gas
chromatographic fingerprint[J]. Food Science, 2013,
34(18): 253-257.

M, R, e, 5. 740 A 905U R
oy TR sCRE Sy AT ()] W AR, 2020, 39(4):
755-765.

TIAN J, WU C, YANG J X, et al. The molecular
fingerprinting analysis of Hanseniaspora in winelJ].
Mycosystema, 2020, 39(4). 755-765.

ASTRAY G, MARTINEZ-CASTILLO C, MEJUTO J
C, et al. Metal and metalloid profile as a fingerprint
for traceability of wines under any Galician protected
designation of origin[J]. Journal of Food Composition
and Analysis, 2021, 102: 1-10.

CERUTTI C, SANCHEZ R, SANCHEZ C,

Prospect on rare earth elements and metals finger-

et al.

print for the geographical discrimination of commer-
cial Spanish wines[J]. Molecules, 2020, 25 (23).
5602-5078.



456 b

g
Eo

= 4 2023 45 11 1]

The Role of Metal Elements in Wine Quality

Huang Yushan', Fan Shuyue', Gou Xuheng', Wang Yulu', Ou Beini', Li Yunkui"*
(‘College of Enology, Northwest A & F University, Yangling 712100, Shaanxi
*Ningxia Helan Mountain’s East Foothill Wine Experiment and Demonstration Station of Northwest A & F University,
Yinchuan 750104)

Abstract Metal elements play an important role in the formation and stability of wine quality and style. Recent studies
have found that there are large differences in the content of metal elements in wine samples from different wine regions;
different types and concentrations of metal elements have different effects on wine quality. In this work, the types,
sources, contents and influencing factors of metal elements in wine were reviewed. The effect and its mechanism of metal
elements in wine quality found in recent years were summarized, in order to provide references for wine brewing and
quality control.

Keywords metal ions; wine; mechanism; oxidation-reduction; copigmentation



