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Effects of clarification treatment on mineral elements in dry red grape
raw wine
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ABSTRACT: Objective To determine the content of 18 kinds of mineral elements in dry red grape wine under the
optimal concentration of clarifier materials and to screen the best clarifiers. Methods The dry red grape wine was
clarified with different concentrations of gelatin, egg white powder, bentonite, pectinase, polyvinyl polypyrrolidone
(PVPP) and chitosan solution, the contents of Al, Cr, Ni, Mn, Fe, Cu, Ca, Mg, Zn, Sr, Co, Mo, Sn, Sb, Pb, As, Hg and
Cd in dry red grape wine were determined by inductively coupled plasma mass spectrometry at the optimum clarification
concentration. Results The optimal concentration of gelatin for clarification of dry red grape wine was 0.4 mg/mL,
bentonite was 1.2 mg/mL, egg white powder was 0.6 mg/mL, pectinase was 1.2 mg/mL, PVPP was 0.6 mg/mL, chitosan
was 0.8 mg/mL, Pb, As, Hg and Cd in dry red grape wine were not detected, after clarification, the content of mineral

elements in the dry red grape wine decreased to different degrees, and the sedimentation effect of chitosan was the most
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significant. Conclusion Clarification treatment can reduce the content of mineral elements in dry red wine, in which the

content of Fe and Cu elements affect the taste and color of dry red wine, and the content of heavy metal elements affects the

quality of dry red wine. Therefore, the clarification material of dry red wine should not only remove harmful metal elements

but also retain nutritional elements as much as possible.

KEY WORDS: dry red grape raw wine; clarification material; mineral elements
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TLLM TR RIS K . WRIR-FLIR AR . A
SRV | VRITIC | T AL PR LA R e A 1 2 R i A TP A R
ihe HE G ZFHYBULR, AFICK Ca, Mg, Zn, Sr 4%
JUER W i T2 A 45108 14t JSURAT #5200 Pb, As \Hg
Cd % E 4@ R WX TLLAAT A AR5 U2, Fe I
Cu JUER & 0 T 2R A (1 G A D BT U . Fe
SEE 8 mg/L W, P55 A R AR O T, SR
iR, Cu SR T 0.5 me/L i, 0T A8 S B M AT
FRETIEY MDY TLMA R A R 20, &
. 2R T BT R G 2R, X RS A
AT E PR E o A WFFE T AR A T BT R
SRR, AT LA TS 2, LB F IR MR,
TR B A4 P LT B FROCER U Ca, Mg, Zn %, AT
EFFHIATIE B0 E SR . WA RIS B A dre (Aol FH
JE, AT LR A AR R R Y SR, e T AL
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PR T LA A AR E T, RO ARG I A
SRV . TSN . VR URAL B K 55 R A5 2 R R T BL
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PRAETTORE, I RGE 52 . AN RIS RN BTN A RS
TLLA AT vh 45 443 M DT R RCR 45 5 10T, DR R I v i
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(polyvinyl-polypyrrolidone, PVPP)&5 , ASfiff 57 | F e, il &
SF BTG EOR, X2l T R A BRS B9 T L0 A
18 R Wy BoC R & kAT TIE, IFRAR T8 HF
JEEAE RS T2 5 I T W BOC R S R S . R ST
P ARG TR EVE R Bk RICEE . PVPP FIST
EBEXS A A T BUCR & AR, £ BRI Y
A FERIEICR MO BB IR U R RS IE M T A EHR AR
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1.1 #R5EF
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TR (4, EHRNBATARAF); ZooEnifE
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BHW-090-20 & iR # (b ¥ 183 fb 2= BH 2 2 W]); Agilent
7700 series LB 55 2 A TG4 (38 B AR RHE AT B
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131 FaHHREY TIRA &

J5C T R 0 R R e 3 20 mg/mL B JRE EETRRY (EREE 1T
PVPP %1 40 mg/mL SRIHE 52 R0E 2 LI, 7€ 50 mL
P TP R R AU, $ek 1 FmIRIEE T TR,
JEIP % 50 mL, $#85), FEG 2 h 851K, B8 4 1K, i 4°C
FrE R 7 A,

z1 TRARERERX

Table 1 Mass concentration table of the glue

TR R T S SR e B /(mg/mL)

B 0.2 0.4 0.6 0.8 1.0
Bl 0.2 0.4 0.6 0.8 1.0
i 25 11 0.2 0.4 0.6 0.8 1.0
PVPP 0.2 0.4 0.6 0.8 1.0
LR 0.4 0.8 1.2 1.6 2.0
R 0.4 0.8 1.2 1.6 2.0
Bt 0.4 0.8 1.2 1.6 2.0
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S INTEPE I 420, 520 F1 620 nm AL AE T 1 S B T4L
1% I T VR R O BE (optical density, OD ), 3 {EARN AN
AT A RO ) G (4 A=ODyy+ODsyt
OD620)[12714]O
133 FafFREEFEGMNE

IS T2 R R I, T 680 nm Ak
MEIBEHE T, LA Toso nm 20N TLLUHAIP S AT R,
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HERRIE IR 0.5000 g ARG . &EiEkY . B, &M,
JRICHE . PVPP ., SERMH T 8 5 1T 2148 %0 SR 5
THRRED, HERAS 100°CHEZFEMZRT, IERR 7 mL,
110°CTRIFfF 30 min, HARBENREIE, SR)5 BRI IR
FRRR T THE N 7 o TH R ES AR, 120°CHRE | mL 24, ¥
THAFREE RS 2 25 mL MRS R, IIOKESR . FeMiE
Syt
1.3.5 AR/ dRisik 64 B

f# 5% HNO; S BCHil B s ik B 5. 10, 20, 50,
100, 200, 500 ng/mL ZICHEIRAARAEEI o e Xob [ vk
JE B FE DIVREE (X) R AR AR, B FITE00Y) MDA AT,
2 Lol 112 A 5 2 A o =
1.3.6 & BAGEF B TR ST AUN X £ 1

EETHRAARSE IR 2.
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Table 2 Plasma parameter settings

SRR ZHUE SRR E U
RN IW 1550 SR R/ V 1.6
A /(L/min) 1.13 FMESHHE/(L/min)  0.00
KA /mm 8.0 FibE R/ C 2
ST E] /s 0.3 PSR TR/ (r/min)  0.10

RIGESE 1 HE/V 0
Omega fl¥% HL HE/V -90
Tl b A R /v —60

RIWESE 2 HE/V - 200
Omega EHi HLE/V 6.6
Tl 4 9th 1 TR/ V -40

Deflect Hi J&/V 1 Plate bias/V -50
INBATG 53 L /v 190 INBAT i o /v -18
SR /(L/min) 43 AR TR/ V 3.0

IR BE H TARIRE, (4 fby . Wy, R
FE 3 R 2 B I A B R (CeO+Cet<3% . Cet+/Cet<2%,
59C0>5000. 89Y>8000. 205TI1>5000),

137 FaFHHRAFH RTEGN T

WE AR SR, GRS 2, K T G A b o T T
FFIIRE S AR EHLBER T
1.4 HIELIE

FIFH SPSS Statistics 19.0 Mgk AT Bl Ao 5E 143
Mr, URE58 ELAS AL BEAR BB 2[RI 22 5, 35 P<0.05 WA Ky
IR AA BEES .

2 HER5SMH
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FH 3R 3 40 AT BT e i A S T i e FE A 3, 41
WA ORI T S, WEEENAEN T, R
B Je A A B Vs 4048 % TG R 1) €0 2R R TR R
AT LTV B, BbAh, TR )2 M R B e R T T
A IR E M, RN RER 2 K B T REAE B T R R
MR E PR 24 RO R R AN B R, AT R A Y
K EVEARA, (PR 2R AT ke, B2 v 3
FENRALERE] 53% 5 ATA W AL, ]R8 1 7ed e T
T2 TG VR Vi T D SR B o SRR T R A BN T4 A
B B —E N, (R R ARk, 1A
SRR Rt A 4 e A 250 G VS 9 1y T PR SOR I ANBAE  SE RO
TR INS] 2.0 mg/mL IF, 203270 A0 7 s B B 2R
T, [FIBT I 2 5 B Bl T e o e Wk i e R R B
O MEEE pH AAXRGE, WA IR, XX
WA A S T IRk, PVPP FIZEI R T
AL BRI AR BE RSN, e U 2 EE B 22 B R AN TR i 1
P A pH R BN, R PF I EHE NI4T
IR BRI o 2T BT, FIER— MR T4 4
Y T RCARS, BHRREAE PR 0.4 mg/mL, &1
FERIEHEN 1.2 mg/mL, 55FAMN 0.8 mg/mL, PVPP IS
I EL P BT R 0.6 mg/mLs
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Table 3 Changes in physical and chemical indexes of dried red grape after gum application

TR JE R B /(mg/mL) (ENE BICHEY% pH JBE e JEEBE fem
KT 0.0 1.112+0.001 49.9+0.1 3.92+0.01 0.00
0.2 0.955+0.001 51.8+0.1 3.92+0.03 0.38:0.04
0.4 0.867+0.001" 56.7+0.2 3.92+0.01 0.63+0.05
Il 0.6 0.7314£0.001" 65.240.1" 3.90+0.01 0.75+0.04
0.8 0.663+0.002" 71.1£0.1° 3.94+0.01 0.72+0.20
1.0 0.602+0.002" 75.9+0.1" 3.94+0.01 0.68+0.04
0.4 0.938+0.001 49.9+0.1 3.95+0.02 0.45+0.04
0.8 0.984:+0.001 50.8+0.0 3.92+0.00 0.94+0.06
Bt 12 0.983+0.001 53.0+0.1 3.95+0.01 1.40+0.02
1.6 0.963+0.001 52.6+0.0 3.95+0.01 1.79+0.01
2.0 0.930+0.001 53.9+0.2 3.9420.01 2.36+0.11
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AL R J5i R e B /(mg/mL) o5 BECR% pH e )R /om
0.4 1.059+0.002 42.8+0.1 3.93+0.01 0.010.01
0.8 1.031+0.001 43.8+0.0 3.94+0.01 0.01£0.00
P 1.2 1.01040.002 48.0£0.1 3.92+0.01 0.01£0.00
1.6 1.008+0.001 46.0+0.1 3.9120.01 0.01+0.01
2.0 1.051=0.001 43.7+0.1 3.93+0.01 0.01+0.01
0.4 1.051=0.000 42.8+0.1 3.9420.02 0.01+0.01
0.8 1.031+0.002 54.3+0.2 3.90+0.02 0.50+0.05
TR 1.2 0.975+0.002 55.9+0.1 3.90+0.02 0.63+0.14
1.6 1.122+0.001 42.1%0.1 3.96+0.02 0.86+0.01
2.0 0.924+0.001 62.4+0.1° 3.88+0.01 1.25+0.08
0.2 1.029+0.001 45.240.0 3.93+0.01 0.10+0.02
0.4 1.093:0.000 46.60.1 3.9420.01 0.10+0.01
PVPP 0.6 1.000:£0.001 48.3+0.2 3.95+0.02 0.29+0.03
0.8 1.005+0.001 48.0+0.0 3.94+0.02 0.24+0.06
1.0 0.988+0.001 48.7+0.1 3.94+0.01 0.32+0.03
0.2 1.052+0.001 45.3£0.1 3.89+0.01 0.26+0.05
0.4 1.002+0.001 47.3+0.0 3.9420.01 0.41+0.07
I 0.6 1.023+0.008 48.3%0.0 3.93+0.01 0.53+0.09
0.8 0.938+0.002 49.5+0.3 3.95+0.02 0.45+0.07
1.0 0.9410.002 51.4=0.1 3.96+0.01 0.59+0.08

TE: R GAR TR M)A, BA B352SR, P<0.05, £ 5[,

22 BIRLRERWEMHRE

SR R R IR A T R AR AN gz R Ok
R, T AHOC R AT Z M AR OGRS . Bk
4 FTHI 18 AT BT 3R I Ze Al ¢ REUYR T 0.9990, 1 2
SIATINE R, TN s B SE W R i X e 2k 1 AR
AT AR 2 T R A S B R
23 ETRMBANESREEFRIMESRITEE

M 5 ATAEKI T MR R T4 WA Rl b E s
FIUE, H Ca &8 547 mg/kg, Mg 4y 8170 mg/kg, Zn N
10.495 mg/kg, Sr & 95.592 mg/kg; E4JBITRB S ED
0.838 mg/kg, Cr 7 0.028 mg/kg, Pb. As . Hg.Cd K# i, %
T UHIZ A R S SRR SR s, EEE I YRS, %
PR B MM Z A A ST R Fe JCE &l 4.226 mg/kg,
Cu JCE ST N 0253 mgke, PHEFEMEEICTIH LB
R B,

TR LR, B4 R, SR PVPP
DI TR T A, WiARMNAY Al Cr. Mn, Fe,
Ni, Cu, B, Mg, Ca, Co, Zn. Sr. Mo, Sn. Sb %5#"J&
JTCER TR A AR AR, T2 A R Yy AL E
FAMRE . BB TR, Al B FRE ke R
B, XAT AR TR A AR S R AL B %
WA SR Al BFREWRE FET 20%4L1,

x4 HUFEREXRY

Table 4 Linear equations and correlation coefficients

TR Y R LEBSERY
Al Y=567.00X+8665.10 0.9995
Cr Y=21349.30X-3170.63 0.9998
Mn Y=12228.24X+1079.10 0.9999
Fe Y=18434.98X+57164.83 0.9999
Ni Y=10034.27X-3320.89 1.0000
Cu Y=26865.73X+20722.29 1.0000
As Y=2689.11X+5026.77 0.9995
Cd Y=6908.15X-6273.74 1.0000
Hg Y=10170.8237X-828.77 0.9991
Pb Y=53226.0157X+17090.76 1.0000
Mg Y=1450.5284X+12334.6599 0.9995
Ca Y=28.3905X+285.0259 1.0000
Co Y=37219.1270X+15699.7022 0.9999
Zn Y=3756.5914X+3253.1985 0.9999
Sr Y=17390.9550X+27310.0044 0.9996
Mo Y=14192.4340X+13510.0092 0.9998
Sn Y=15856.4006X+7701.1312 1.0000
Sb Y=18637.8850X+14884.7241 1.0000
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Table 5 Sedimentation effect of gum materials on mineral elements in grape wine (mg/kg)
IR KT B it B B il TR PVPP K
Al 0.838+0.014 1.380+0.0517 2.191+0.205°  0.794+0.033 0.662+0.050°  0.873+0.085 1.167+0.080"
Cr 0.0280.030 0.033+0.007 0.031:£0.004 0.034+0.008 0.028+0.002 0.030:£0.001 0.046:0.020"
Ni 0.069+0.003 0.037+0.007 0.031£0.003"  0.0310.004" 0.045+0.009" 0.036+0.004" 0.032+0.003"
Mn 2.076+0.056 1.926+0.055 2.015+0.015 2.020+0.011 1.950+£0.007°  2.047+0.073 1.961+0.009
Fe 4.226+0.045 2.067+0.079" 3.666+0.086"  3.916+0.162 0.963+0.018" 3.751+0.109 3.486+0.202"
Cu 0.253+0.005 0.209+0.004 0.18440.003"  0.245+0.004" 0.15120.003" 0.248+0.006 0.225+0.004"
Ca 547+1 52646 580+19° 536=10" 458+2" 547+23 5502
Mg 81705 8029+57" 8252499 8124421 8051+22" 8383+268" 8118+46"

10.010+1.600"
96.108+1.971"
0.130+0.026"

8.635+0.074
91.833+0.938"
0.112+0.008"

Zn 10.495+0.293
Sr 95.592+0.351
Co 0.443+0.030

Mo 0.454+0.021 0.061£0.002" 0.079+0.008"
Sn 0.756%0.156 0.532+0.019 0.527+0.032"
Pb At A AR
As HA H A A
Hg A H A K
cd KA EN oA K
Sb 0.310+0.030 ARAGE A

10.897+1.718"
92.817+0.427"

0.123+0.018"

0.058+0.045" A 0.100:£0.024" 0.102:£0.002"
0.535+0.022" 0.506+0.023" 0.629+0.062" 0.515+0.019
At EN oA Ak AR
A H AR A A
A H A K K
A H A K K

8.108+0.293"
33.366+0.744
0.102+0.016"

9.235+0.306
95.953+2.768"
0.102+0.013"

9.361£0.707
93.590+0.683"
0.110+0.009"

RIEEEF PVPP BT Al B v i R UL (g A8 A
Cr 211 Ni 25175 208585 5008 v 14 02 ek v 3 AR VA,
{FEREEH TG Cr & F Rk LA T 64%, AT
JEE W R 12 o B e B W RS, T A R B
AT LA SR Ni & TR E . ST Mn
BF, WIS SEIRMERI AT R T R AT s A A Mn
BB, HoAh TR MR RN B . A TR
LS AT A AR T 214 %5 JFU7S P Fe 81 Cu B 1 Rk
i, HA e BEIIRECR L B, FHT 77%. T4
HFEWH Ca, Mg, Zn B FIRER S, & T RAHEE
LT R K 2 B0 R IRIIR R A R 1 s A 4
Wi Ca BT BRI A 2T, R | SR AN 5E R
TG Ca BFRUEHREA P NRE; 2R PVPP FRfi
Mg &5 Jo B ik FE S o, JLAb AR T I Mg B I vk
ER TR 2TRARE Zn &FM Sr & 7Rk e
REBRM B EE TS . EFHHEFEESN Co.
Mo. Sn i Ii R, fEL &R F IR EE, HmE
WP TRIRE B B AR . B m, T20M% 500 P, As. Hg
i Ccd nERA

3 REHie

B O A RS B E AP IR, B
2T P A% I B P A SRR, T S A 4
MR, BIEE . HFAOMIREE RS, AR, 17

Py 2 AR HC At 193 2 1 45 400 110 5 A Al T e ) A 2 T 1Y
PECO RS M T R AR . R L BRI 2
Wi FLVE T RS R0 R Y | Rk
WOV A7 2 O B i ) DG 3R 304 2 1) A SRR AE T R
WOy BT AR ) 0 AR R DU B ) 11
G161 P, Bhfieft AR AT LA Ak 20 A 4
MEPE . RABIESCR . REFWFIES FEt, 2m
PTG AN BT AR TR SR A A oI5 B B T £ 2 Sy
SR IR, B RIEE. PVPP Roc R Y
FIAL PSR SIS R, #ATH AL Cr, Pb, As, Hg.
Cd. Mn. Ni, Sb. Cu. Fe. Ca. Mg. Zn. Co. Sr. Mo
Fl Sn STRMWEAARRER TR, JLHE R
LB Cu Fl Fe U HHRIM = M MECR . L% R BoR
IRERT LU F I E B CER Pb. As, Hg fil Cd
A R T AR IR, RBEARSH ALF Cr Y& U, 4
i Fe Al Cu JUR 3% b AR A B Bom i FRFE

AW IR T AR T R X T £ % R R )
JLR S AR, Rt RN E &R R &
T S 3 A0CR . X O A T I Ll B b i e R AR R
BT R BT AMRER, #IRAME TR
V8 TH o R A DT RRORA X 2 T e A 0 (s 2K AL
G RIEY TSR, DARERELR N RS
BOR; fEPRIE S BRI ETE T, I IR L2,
FRBIMRE . BT B ik, LA R T R R R
BRI oK . XSGy A o A i R AR A
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