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Effect on Determining Polymeric Pigments and Tannins in
Wine with High Content of Sugars by A — H Method

Yuan Chunlong Zhou Yali Han Fuliang Su Pengfei Wang Shasha
(College of Enology, Northwest A&F University, Yangling, Shaanxi 712100, China )

Abstract; Polymeric pigments and tannins are essential components in grape and wine. A common
method for measuring polymeric pigments and tannins in grape and wine is using protein precipitation
assay (A —H). In order to investigate the impact of sugars on tannins and polymeric pigments determined
by the A — H method, the concentrations of polymeric pigments and tannins in wine samples were tested
after adding different amounts of sugars (glucose, fructose and sucrose). The experiment result showed
that after all the treatments the contents of non-protein-precipitable small polymeric pigments ( SPP) and
total polymeric pigments ( TPP) were affected significantly by sugars ( glucose, fructose and sucrose) in
wine, and the effect of sucrose was greater than those of glucose and fructose. However, difference was
found in the amount of protein-precipitable large polymeric pigments ( LPP). Some of treatments by
sucrose and glucose had significant impact on the concentration of LPP, but the content of LPP was
affected insignificantly by fructose in wine. One possible explanation for the different impacts of sugars on
polymeric pigments and tannins was that sugars could have significant influence on the combination of
protein with polymeric pigments. Meanwhile, the experiment result also indicated that sugars ( glucose,
fructose and sucrose) can significantly decrease the content of tannins in wine. Therefore, caution needs
to be exerted when using the A —H method to determine polymeric pigments and tannins in wine with high
content of sugars.
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BT A 2R S ) BRSO Y B A 2 R
g3 H AT VR 22 E A BT R R B S R G LA
o VIR WS BT AL RE ISR . RE AR AT R
oy R 2 28 AR S E A B ARV N TR E 0
2 (Small polymeric pigment, SPP) #1 5 & H i ;= 4= Ut
VEM) K 4y T B 4 14 & (Large polymeric pigment,
LPP) ' Somers % * % B, i B ‘el 4k 79 ¥ B 1 41
ORI AT R, MR G ORE LR DR AT
1 DL T RE AR ZE O 1 O 520 nm 1956, iy 1 57
TR U R R A

Bate-Smith 7 YO B 7F JEAT 14 A , 45 T
Je 7> §HEAE 500 ~3 000 Da 2 [u] i /K 3 P B 26 &
Yy, 9t BAT REUTTE A= W o WY Je 0 HE Al 25 1 5 g ) 1Y
FEFRVER 5 Haslam 45 H, 507 B 454 A LS &
Jo M AR W Bl ) 45 4 — R 2%, T L R e i ) 1
(20 000 Da) iy ZHf—FER 2%

Hagerman %5 1 YR 48 T 46 19 9% 19T 3 7 0 K
M BT, 45t Adams Fll Harbertson RS 5E 3% T
BTSRRI FR A A - H 3% R iz
FHIX 07 ¥E 53 50 o3 B 5 4 %5 B2 b R oh Y BT
R SR RSO R AR B LA e S B
A AT TE A 5 2% 52 S 6 J5 2078 1Y) 52 I 475 AS 1 E
R (BT R IRE v T NN (795 AR (A N S
AR (o o A E DRI R i AL L OR )| S S
T AR A A B X 2 B SE R g . B
00 5 4 4 94 v 0 ZFIBRLT Y vk A 1 BT
B (A - H 3 R GR35 3 (HPLC 35)
FIELF 4 R ik (MCP %) ' Ak Ak—PH e Wik (F - D
) T AR R T T R e S e
TR LY RIF B A — K — e sk —
JiL BT RER RS YA R e M2,
B — 5 15 RE 08 4 vl B 0 1ok 5 o) — T,
REFENT BA Ll A B, 805 £ K & 52 M 0 i
e Bz o PRI, R 0 R TR UG, R R — i B
T3 8 CHREE A I 5 A 4 98 b (0 R AN BT 2R ) R O
AP | R iU

B AE 23 BT 4 2 00 R BT R R S R A R,
FEEBUVETE (A - H &) BA B AE ) 5, fdi 115 i
PRBE AR A, BRI B2 B 1 Ok B 22 Y A 4 T AT Ml B
54 76 45 4 2 F 95 A A T L TR L L
LB T R B & A B 2 W FE L WX A - H
S 2 T R A 10 3R BT Y R I AL 2 A AN
o MORSCEAERFENIAT A — H 200 5 4 45 19 i)
S (0 2 BRI BT 00 A 2 SR R ), LR 5 3

il

A = H 3k fol FC S G M i 55 T B PN R T TR
9 A 7 S Bk

1 HESHE

1.1 #5S

IR E T 4% %457 ( Cabernet
Sauvignon, 2012) ,
1.2 FZERKA

A= 1M 25 E (BSA R T8 ) L 8 i R G4
(SDS, B34 95% ) F( +)-JLAS R K G (i
IE98% Ky K ) , I T 3% [ Sigma 23 H] . RERE
D-7 %5 b5 D05 | i 55 0 67 FR B . = L B (TEA,
i B 98% ) AR (i - K 98% ) L I T Y
YA F A RS T o AR R A R i 2
Z: I Harbertson F1 Rio %E‘Jﬁ‘]ﬁ“st 5
1.3 FE{UE

UV — 2450 B AR50 6 3 ( H AR Bt A
")) R, B O L.
1.4 RIGFH*
141 Fep gl g

BT I 5E 2 B8 Harbertson [ 77 111, JF #E 47
TS B

P o 22 1 A B 0. 50 mg/mL () JLIS R
KEVE B (I o B BOILAS R K G
Y B 0,50 ,100 ,150 200,250,300 plL F 5.0 %
o, A Buffer C (50 g/L SDS Fl{& f1 4 %% 5% (1)
TEA,2 mol/L HCl il pH {5 F 9.4) E 4 % 875 ul,
JH Buffer C 8%, £ 510 nm & I & H W6 B2, B R
BTME R, ICH A A 125 wL FeCl iF K,
MR A), IR EE 10 min J57E 510 nm Rl E W6
JE A A, = AR RSO RE o 2 il bR o it e, OF
KGR

Y =0.3202X +0.061 7 (R> =0.997 4)
X Y—OBE
X— LA R s W, mg/mL

BEEZMPRERE 1.0 g 4 1005 & 1 (BSA) ¥ T
1 L Buffer A(250 mL 7€/ 7K .6 mL JK % 2 F1 4. 93 ¢
FAALH,10% NaOH ¥ pH [HE 4.9) i H
() e 2 i B B Ry 1 mg/mL

9 B 75,100, 150 wL £ # %5 W, n A 3|
1.5 mL .04 %, B Buffer B(400 mL €18 /K 2.5 g
WA R A4 A1 60 mL Jo/K Z B ,2 mol/L HCL ¥ pH
HZ 3.3)MBEE 500 pL, SR 5 in A 1 mL ()2 A%
PR, ZE R R B 15 ming FEES0 5 min (13 500 g) |, 45 458
VW, A 875 pL i Buffer C, = i F 2 M
10 min, SR G 7EHR 3% % b 4R35 (0 U0 0E ¢ 2 W d .
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Buffer C /%, 7 510 nm il & F WG HE, By 507
M SUE,ICH AR ETEL AL A 125 pl /Y
450 FeCl i W, 7% T~ [ 10 min, 7 510 nm
I W R B BT R B AL R AL BT
AIROEIE A = A, — A R BUEAC AR o it 26 B R] 75
FRTHE R,
1.4.2 EE0OEHNE

BAE MO EINE S W Harbertson 19735, IF
PEAT T S R E P

3R 2 2 1S mL RYBSOAE LS 1 A BT
PESH 17,56 2 dcAE 8 27, o 728 1w, 23 il
B 75,100,150 Wl 21 % 45 3 , 2R J5 il A Buffer B
M BE 2 500 pL, #H A 1 mL Buffer A JR 5 1%],
SN 10 min J5, BT mL OB T OERR 10 mm
) LB L, A 80 L 0. 36 moL/L (%) {7 1 R
PR A, =R T N 10 min, 520 nm ) I
JERELICH B B 2 4l in A 75,100 (150 L (# £L
H%W, ] Buffer B i B 2 500 wL, 3 A 1 mL
HEEZ MW, W T RN 1S min, SR 5 B L 5 min
(13500 g) , /MO EEHY BV 1 mL FOURE N
10 mm [ F @I, SR 5 fA 80 wL 0. 36 moL/T. 1y
i I o R B (A 50) ), &R R RS N 10 min,
520 nm FIIMOGE 8 C M .08 P RIR K L
TR 3, A 875 wL i1 Buffer C, i 35 {4 0 & %
fi#, T BT RO E o MR RE B WO B AR bR HE
MR RG ORI & .

Ko T R A 4 2 ( Large polymeric pigment,
LPP) 52450k

Ly =1.08n x4(B~C~b)/k

NG T B4 0, % (Small polymeric pigment, SPP)

HRAX N
S,, =1.08n x (30/7)(C-b)/k

B 4A 1 ZE (Total polymeric pigment, TPP) {2

NS
Top =Lpp +Spp

A Lypy—— RO TRE ORI PR, mg/L

B— 1 FEWAE 520 nm AL
SN TREORM R ERE , mg/L
C— 2 PR 520 nm LbWRSE

Tpy—— B RE ORI REKE , mg/L
b——hr o il £ 9 A, B 0. 061 7
h——hr i 22 1R R 0. 320 2
n— BEAR AL
14,3 WIS 4 4 1 o B 0 B4 T
TERT BT GEAT o0 B i 0 R mR O ACAS [ e B 1Y
Bl R 80 B ROBIE AR ) A — 13 0 R ) ok

XL BT SR o FH T R R R AR AU AE 413
S WA TR vh AT B8 L I Y A RS RV EE ) BT, 7RI
Bk B ep R R A ROME U T K SR
JE 1 g/mL WA B75 pL 21 T 5 4
L L, 4330 i A 0,100,200 300,400 L fi9 8 5
i, FH] Buffer B i B¢ & 500 pL; [AFf, B 100 150 plL
2 G L RAE S 75 L I AR AR [R] (A 150 pl
I, SR A W B s Dl 350 W), 2 TR R I SE Uy v
6] 1. 4. 135 By g I g Ty vk o

1.4 B0l 2 T o 2R €8 2% I 1Y 5% 1)

T AE T I AAS (] e B2 1 W (i 7 4 R b N
FEWE) 0 A — H LB @M EE X 2Ll P R A B R
IS o RS I R o R A AT A R R T
IR BT R VR R 1 g/ mL AW L TS wl iy
AW TS AN amrh, 4 5 A 0,100,200 ,300
400 wL AYBHEW, ] Buffer B 5 B 2 500 pl; [A]#f,
B 100,150 WL #2510 B, 52 /E 34 5 75 wWL AR AR
[F] PG FE 150 L B, 945 T 5 W o5 2 o4 350 wl) | 4%
TR B E Jr k) 14,2 5 RA AR I E T
L5 Sitah

BAREWEL 4 W, KW R HE « bR
223K o FHR3. 1.2 BAFAE K (DPST. 55 #7581t 41
Bro Her DPS7.55 FI T Al 22 5 2 3 v, X i Uk
5 ) Ak 3 2 () B 25 S MR R R R B SR i A X
(P<0.05),

2 ZER5ITR
2.1 HEE

75,100,150 wL ()70 FF 38 55 45
JIi 7R o

LPP 5 5 il il A ) % W 2 0 15 n i 1 L 5 22
S EMEE A LA, 75 wL AR A TN 300 pl 1Y
M BRSO LPP & 5XT AR B EE R (P <
0.05) , HAxab ¥ 5X M A 22 7 W, HAb ¥ Z
) 22 5 AN 3% (1) 5150 WL R A 7R 100 pL
MR 25 B VS MR, B RGR B AR B E E H (P <
0.01) , HAM 75 WL W HE—4£ (£ 3) ;1M 100 pL 1y
TEAE, Ak 3155 ) B2 (8] 45 Ab B A Y LPP 5 4K
AREMEZES(E2),

SPP 1) & it Fifi 75 4 2 0 A o Sk 7 15 m T e 3 1
T R KR B 2 25 Sk R 75 L T KRS
100 L /Y % %5 B% (£ 1), 100 pL 0 #£ 7 100,
200 pL 4 (% 2) ,SPP & & 5 X B & P2
S, LA AL PR 5 X0 BRI R B T 3 25 e A SR B TR
0525 5 T ELUBE VR R e, 2 R A R (SR~
3) o UG A 2 e £ 2RI AR R 2 R A 4 G, X

sl 1 ~3
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A — H L0 E A b SSP & A —E IR . IIAIE T 100 WL A 5 4 I, 507 10 25 25 0 ik 3]

F~3EPRER AT H R TSRS  WREEES. WA RSERR T AESRZE
2] WEAS IO Sk (0 48 T S A BE AR, 75 wL R 150 pL o 4RGN A - H RIE WA P T S e A B
TR B IAE T 300 WL A 454 100 pLEAE PR A9 .

F1 Bl BEGRTPHEENESERAERMETHHN

Tab.1 Effect of glucose on polymeric pigments and tannins of 75 pL wine sample

AW i/ L LPP )i/ (mg- L") SPP Jii f ¢ fF/ (mg-L~") PP FRRWE/ (mg- L")
400 509.30 + 174. 324 926. 59 + 54,37 609. 62 = 16. 62¢
300 523.43 +35.97** 783.95 +24., 41" 651.19 +53.02°1%¢
200 418.82 +141.01°** 776.23 +166. 40"*" 739. 87 +100. 49"A8
100 433,22 £33, 53" 637.52 +17.19°% 818. 49 = 60. 47"

O( AT HR) 364. 62 +50. 90" 623. 40 +20. 55" 861.26 +35.54"

RN IR EK NG FE4r 31375 P <0.01 F1 P <0.05 F 255 %% (DMRT 3%) , F i,
F2 100 L BESTEHERENFAEREEEMETHIEM

Tab.2 Effect of glucose on polymeric pigments and tannins of 100 pL. wine sample

5B R/ L LPP Jf bR i/ (mg-L™") SPP ik e Ji/ (mg-L~") BT R AR/ (mg- L1
400 557.83 + 144. 394 902. 24 +129. 74*A 781.27 +67.07°¢
300 607. 45 +192. 82** 761.53 +131. 628 841.75 +35. 67"
200 581.67 +14. 62** 700. 07 = 11. 06" 905. 33 +31. 88""
100 514.63 +37.41** 642.32 +27. 34" 900. 28 +71. 34"
0 (X)) 509. 94 +58. 34** 593.75 +19.53°" 1035. 94 = 14. 63

RI IO BAHERPHERNHAERSEEMETHZMN

Tab.3 Effect of glucose on polymeric pigments and tannins of 150 pL. wine sample

ARG I i/ L LPP Gt ¥ )%/ (mg-L™") SPP e [/ (mg-L~") PP R/ (mg- L")
350 532.60 +27. 68"*" 607. 68 +8. 41 1041.70 +20. 22
300 541.70 +28. 04"*" 580. 10 + 10. 96" 1057.77 +15. 69°®
200 536. 40 +52. 03" 504.99 +28. 52" 1 102. 20 +40. 39"*%
100 596. 56 + 14. 89 440.73 +15.07°¢ 1131.92 +36. 65"
0( X i8) 520.37 +15. 18" 467.08 +5.15% 1156. 67 +30. 52

Kl la 7, B 100 wL 5 RE S, % 26 Bl 04 45 in 100 L P HE

HETHTREELERRE EMNIEHXELR (P < Y =0.0004X +0.07 (P=0.0561>0.05)
0.01) . HEIHF RSN - 150 wL iR
75 wL B FE Y =0.0003X -0.0139 (P =0.0027 <0.01)

Y =0.000 8X —0.025 (P =0.0085 <0.01) 1b 575 , B 150 WL W5 RE 4N I 1 TPP {34 i

B 11 g/mL %0 #0935 00515 BT A AR R0 TPP B0 2 22 [l (1 56 &

Fig.1 Relationship between additive amounts of 1 g/mL glucose solvent and decreasing or increasing percentages of tannin and TPP
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FEHMARKHEREEE NP F EMLELR (P <
0.01) . H:[mIHJ5 #2453 518
75 wL AL

Y=0.0012X-0.0375 (P =0.0003<0.01)
100 wL 7 FE

Y=0.0009X -0.0330 (P =0.0036<0.01)
150 L {75 #f

Y=0.0005X-0.0105 (P =0.0585>0.05)
2.2 RipE

&l 2a 7, LPP {25 4k i 34 5 RS in i 2 1
MR RXR,BERARE(P>0.05), HEIHJ;
T3 51 N
75 ML?@&

Y=-0.0005X +0.3215 (P=0.3453>0.05)
100 p L 7 K

Y=-0.0005X +0.1620 (P =0.6068 >0.05)
150 WL JF L

Y=-0.0003X+0.0456 (P =0.1664 >0.05)
MBS ROk, S AR AL (R 1 ~
3) BT A ) LPP & & JL-F A 50 .

11 2b mIHIL BR T 100 pL B FESL, SPP T K
i AR A 3 R 2 R K (P <0.05)
A2 U, SR RE 1 0 4 45 08 b SPP & i, Hirp—
A Ji [R] AT B e SR B i 2R 6 2 4R T I A

Hi &

B2 1 g/mL SRR A B30t

Fig.2 Relationship between additive amounts of 1 g/mL fructose solvent and decreasing or increasing percentages

of tannin and LPP, SPP and TPP

M fsE SPP (1) & &
TR K
75 wlL G RE
Y=0.001X - 0.1585 (P =0.0133<0.05)
100 wL A AL
Y =0.0009X - 0.1005 (P =0.1003 >0.05)
150 wL P ke
Y=0.0005X -0.061 4 (P=0.0127 <0.05)
ME 2¢ ATLVE H, BR G B FR (TPP) i3 K %
LR By T EAS TS R el B R, B AT
ANERNE R ILF 2 AT R H R A 150 pL il
FrREER XRWURAGORXSEARZAEEL
FVEFRAE — @ B 2 BRI . Hom 3 7 72
mr:
75 wL i RE
Y =0.000 804X -0.2375 (P =0.0882 >0.05)
100 WL JF£E
Y =0.000 704X -0.128 5 (P =0.073 3 >0.05)
150 L i FE
Y =0.000 804X -0.1056 (P =0.0160 <0.05)
Bl 2d SR, 760 A S AR & e, BR 100 L i
FES , B 1 2 ik Bl RO 2 B 00 1 A 2 1R
FE(P <0.01) , b WY 2 979 v RO & & 1Y 3% i‘
5 e 2 A — H 3k X P B 0 g L

bt 2L A A 389 o e e JHG [l S

L5 LPP SPP TPP {4 i 5 Hl 507 PR AR R 2 [A] 9 56 5%
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AT AT 150 pL B

75 L K Y= -0.0005X +0.0164 (P =0.0031<0.01)
Y= -0.0008X +0.046 5 (P =0.008 8 <0.01) 2.3 JE4E

100 L iR iR POR KRR SRR S U A

Y=-0.0007X+0.0275 (P=0.0532>0.05)

Kl 3 s

3 1 g/mL JERE AU AN GE XS LPP SPP TPP 15T ) 5% 1]
Fig.3 Effects of additive amounts of 1 g/mL sucrose solvent on LPP, SPP, TPP and tannin

Pl 3a SR, JRE W BB K I A 4 0 b LPP ) & &,
LTG0 7R B I A B A B G K, H A
150 pL PIR AR 3 T 2 25 55 (P <0.05) , HoAth 22
SR L L TR S A
75 WL AL M

Y =0.001 6X —-0.0037 (P =0.0720 >0.05)
100 L 5 #E

Y =0.000 6X -0.1250 (P =0.063 3 >0.05)
150 wL i FE

Y =0.000 6X -0.0413 (P=0.017 8 <0.05)

] 3b 7, RE 0 I 25 b 1 ) A b SPP Y B
i, LR S I TR I A 00 1 0 e A K
100 pL A1 150 L Y #5261 [l 03 il 28 L7 & &
1, R B TR A 2 . LA M Ty R Ay R
75 wL B FE

Y =0.0029X — 0.437 (P =0.0143 <0.05)

100 L VAL
Y =0.0015X -0.1905 (P =0.0055 <0.01)
150 L JHE

Y =0.0014X -0.1872 (P =0.007 4 <0.01)
b, I e W o) 4 A 7 SPP I B R S A B

HEWH RE R 225 M 3% 49 5 b TPP i & &,
2 AN R —FE (& 1b 2¢) o & 3¢ BoR 1 REHE
AU i 5 TPP 3y I8 2Z (8] 1 ¢ &, [l 05 J5 72 43 53l
B
75 L kR

Y =0.2904X -43.675 (P =0.0031<0.01)
100 wL 7 FE

Y=0.1517X -19.099 (P =0.007 5 <0.01)
150 wL P kE

Y=0.149 1X -18.223 (P =0.0065 <0.01)

TR R 4 25 308 P %) BT B R e JL P 5 R
T — 2 (Bl 1a.2d . 3d) , 225 H R AR o T i &
it & 3d BoR, H RS0 R
75 pL kR

Y =0.0007X -0.0395 (P =0.0370<0.05)
100 wL i FE

Y =0.0009X -0.1650 (P =0.0340<0.05)
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150 wL JFEE

Y =0.0003X -0.046 5 (P =0.0312<0.05)
A AT RIS 75 L A 2 T R, U R A 4
I A~ B B rh T R e TR 7. 28% L 1E
100 wL A1 150 WL 4 %5 9 b, B & 500 0 T B2y
8.93% F13.35% , ik — 5 UF AR AE — & R b2
BT R 2

I B G 43 B 45 4, TPP [ 5 B 3 4 31 i
T, 3 2 BB AT BE R ) A — H 3K 0 G A T o 2R
HEEMP T, B HRAE, TR S5Ha 6 R
G54 AR R4y (0 2K 23 B AR R AR IS Y
B I ELWE A A RO B B 3, SPP Y
T E RN, LPP A Y N B RERE R
M) 5 4 5 A SRR A 0L, R B AR T), B RT DL
HuREAR LPP A9 3 &, 35 M SPP Y & &, I i
MR R R e R S B R Z 4 S, T R
TR 21 45 4 EL BB b v R R Aty T 1) A
ZHTHIWEFE S0 BT T WX AL T R A S, o B 45 R 2
REMEXTAE T R EARYER . BRAREXMNENR .
BT UL — R (R L
T 3 00 7 4 2 T R R € R T T Y S I ) LA
SR WL AN R A R — DT

A 200 W SR AR P R
TR 1 2 SR v R LA 2 o R B A ) T A 2
S, GRS S I AR T Ok, DRI, o B SR R
R e ] 2 7S TR A R v A W 2R W B, ) A
ARCE Bt A B R AR . A IR LR T AL
WA TR G P SIS TR A2 A [ ik
OB, 285 TN E KR A G R MR TR &, IR Z R
VLT R A B (s LR JEE 66.7 ~266.7 ¢/L) X
A= H 2P b T MRS R A R, R A
T VR 4 A T R T A T AN

3 H&RIE

i 2o AR BT, 2 SRR I A R S
W LPP 5 i (9 00 45 5, HL25 A BRI B 22 ] Y
ZE 5 W EVEBCA ML AN R (EUE BB 3 B
AT h SPP A1 TPP 145 i, U6 WA 4 1 RE 2 2R
HBRS @RS a . R, Al A8 b 3 4 % 5 i 2
LT R T R A A, S ORI T
I35 3 ARG 5 RO AT REME XS LPP SPP [ TPP 11 il
SE 2 SR 14 R R L AL T A B L RO AR A
IR o DI, A 0 S AR i, A - O3k
5 BT RER S R A — R R R

& % x Wt
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