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Effect of Ultrasonic Treatment on Vitis vinifera L. Cell Wall Pectin
Components

YANG Yiwen'?, LI Dajing”", BAO Yihong"", NIE Meimei’, LIU Chunju’?, LIU Chunquan’,
XIAO Yadong’, NIU Liying’, WU Haihong’

(1.College of Life Sciences, Northeast Forestry University, Harbin 150040, China;
2 Institute of Agro-Product Processing, Jiangsu Academy of Agricultural Sciences, Nanjing 210014, China)

Abstract: In order to clarify the content and structural changes of different pectin fractions in grape cell walls under
ultrasonic treatment, the grapes were treated with different ultrasonic time and ultrasonic power in this study, and the
content of pectin fractions, composition of monosaccharides and structural changes of grape cell walls were analyzed by
means of carbazole sulfuric acid method, PMP pre-column derivatization, high-performance liquid gel chromatography ,
scanning electron microscopy, Fourier transform infrared spectroscopy and circular dichroism. Results showed that the
highest and the lowest contents in fresh grape cell walls were alkali-soluble pectin (NSP) and chelate pectin (CSP),
respectively, and they were 27.41 mg/g AIR and 8.25 mg/g AIR. The total pectin decreased after ultrasonic treatments, in

which the water-soluble pectin (WSP) increased and the CSP and NSP decreased. A total of six monosaccharides were
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detected in three pectins, and the monosaccharides of different pectin were not the same. The galactose and arabinose were

high in WSP, the glucuronic acid was the most abundant of CSP and the rhamnose were the highest in NSP. After ultrasonic

treatment, the contents of monosaccharides decreased, while the composition did not change, and the main chain structure

of pectin was no change, but the linear structure and the degree of branch chain were changed. With the increase of

ultrasonic times and powers, the molecular weight of different pectins declined gradually. And in the microstructure showed

a more loose morphology. In addition, ultrasonic treatment had an effect on the structure and chain conformation of CSP

and NSP, which made their maximum response values shift, and the effect of ultrasonic power was more significant. In

conclusion, ultrasonic treatment could reduce the pectin and monosaccharide contents in grape cell walls, and affect the

molecular linear structure and molecular chain conformation of pectin. These results can provide theoretical basis for the

quality change of grape products under ultrasonic treatment.

Key words: ultrasonic treatment; grape pectin; changes of content; structural analysis
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Fig.1 Changes of pectin in grape cell wall at different

ultrasonic times and ultrasonic powers
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Table 1 Composition and content of pectin neutral sugar in grape cell wall at different ultrasonic time (mg/g AIR)
Bedty BT (min)  H#E(Man)  BZHE(Rha)  BAPERERR (GluA)  A#IE(Glu)  2EZLKE(Gal)  FURIRE(Ara) HELLERT BELLR2 BEILER3
CK 0.12+0.02° 0.22+0.03¢ 0.43+0.11° 0.48+0.03* 2.10+£0.11% 1.82+0.20° 2.13 0.025 17.82
20 0.11£0.03* 0.14+0.05° 0.16+0.00° 0.34+0.01° 1.82+0.05° 1.52+0.12° 2.69 0.015 16.71
WSP 30 0.12+0.06* 0.26+0.06" 0.64+0.18" 0.49+0.04° 1.62+0.08¢ 1.36+0.04° 3.42 0.023 11.46
40 0.09+0.02° 0.24+0.15¢ 0.41+0.12° 0.36+0.03° 1.55+0.01¢ 1.13+0.03¢ 4.52 0.018 11.17
50 0.09+0.00° 0.36+0.01* 0.41£0.03° 0.35+0.00° 1.42+0.46° 1.02+0.08° 3.89 0.032 6.78
CK / 0.09+0.03¢ 0.75+0.09° / 0.25+0.05¢ 0.43+0.12° 10.71 0.010 7.56
20 / 0.15+0.01° 0.56+0.43° / 0.35+0.01° 0.39+0.01° 8.10 0.020 4.93
CSpP 30 / 0.17+0.00* 0.50+0.11% / 0.3240.02° 0.37+0.01°¢ 7.34 0.027 4.06
40 / 0.13+0.02° 0.46+0.00° / 0.24+0.06° 0.21+0.03¢ 10.10 0.022 3.46
50 / 0.10+£0.01¢ 0.47+0.03¢ / 0.2240.00¢ 0.19+0.12° 11.02 0.017 4.10
CK / 0.62+0.01* 0.24+0.07* 0.25+0.00* 0.18+0.02% 0.28+0.06° 25.38 0.023 0.58
20 / 0.54+0.01° 0.17+0.09° 0.23£0.18"  0.13£0.01" 0.18+0.07¢ 2638 0.024 0.57
NSP 30 / 0.50+0.02¢ 0.13+0.03* 0.24+0.02% 0.17+0.02¢ 0.32+0.02° 20.41 0.025 1.34
40 / 0.52+0.00° 0.22+0.02° 0.19+0.00° 0.18+0.02% 0.29+0.03" 20.76 0.025 0.90
50 / 0.49+0.01¢ 0.10+0.01° 0.18+0.04° 0.19+0.14* 0.30+0.02" 19.17 0.026 1.00

s AR S F5 TR Rl R 3R B 83895 57 (P<0.05), B %81 9 GalA/(Fuct+Rha+Ara+Gal+Xyl), # L %82 )y Rha/Gal A, # L. %43y (Ara+Gal )/Rha;

MREARA H; K2,
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PIEUR RS, BRSPS EIIN T 63%, PFLBE S A&
FH 2.10 mg/g AIR TFEZE 1.42 mg/g AIR, FIHiAAFE
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Jin Y R B

AN (W) 75 Ty 3 A B AT 2 20 HURE AN TR SR e A
WHLH N S B AR b N ER 2 Fras . B2 2 AT, ORI
S TR AN ER S 3 bR 20 43 i) SOl R 2 e AR Ak,
TR MR, S S AP A AR AR, B
FHHREFE DR AN, WSP Hh RS0 5 RS,
FFAIR T 33% ZiAqs CSP i BRSPS i AE S 1000 W
A ok 25 14 i (P<0.05), 1 0.06 mg/g AIR J} & =
0.13 mg/g AIR; NSP HrZUHHFIBATRLA 1 & e B4 AIK,
ERASME S AR S A0 FE 1000 W i 35 4R (P<0.05),
FEAIR T 72%. LA a5 R & )3 s A FH T R fl
ISy TR 248 K A AR o
2.2.2  AS[A]HE P Ab PR 4 2 2 e SR RS 2H S0 LR
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B 1B (RG-D FR M AR, e 1 sk 2 7]
1, 7E WSP Holl Eb 3R 3 iy, 16 HH 45 20 Hh K i SR
B2 LA RG #EL5HFTAE, HSZBERR 400 ; 78 NSP
BELEAR 1 B, 2 = AT SRR B A e 1), LA
IR LA HG S 325 WAE CSP 5, HWEEL % 1 i F

WSP, BELLZ 3 35 WSP IX, # CSP £&PHEFR I WSP
=, SCEEFREEES NSP &,

W2 1 s, B G A5 B fa) (e in, —FP el
Sy LR 2 AR AN I R, W SRR T2 A Ak A A e AR 5
WSP UBH b 1 i R . NSP OB b3 1 3 Wi
/N, BEHBH B 12U S i oA S | R
B/, 5 2.1 ORISR AR —FG B LR 3 R
SR R, U6 SR EE PR S RS,
KW, R 2 AT 53 1 ol Lt AR T
FERL, B RS DR ATREIN, WSP (OE b3 1 SRy
Kugkadh; CSP BB ELA 1 B Wi R, BEELR 3 2T
I/0; NSP Aol L3 1 Seudi/ e 3, Wb 3 3T
/b, AT, AR AE R AL B 2 %) 3 P AR i

RN, A A — e AR

23 FAREEBELEMNEEMMERRES Y FEN
20

Oy TR R R R G A R 22—, 5 PR R A G
B, NI A5 Ah B A5 20 A i s 2 — Rl R e 4H 4y
M5 F AN 2 s, BRI, =R R
Sy BT AL RS HERH (35 1, RpPih SRS 2 2~3
A KATFRAEY), Hop Bl @i F e R R A
Yo DREERLASERALAASIR], AS[FIHEFS DA U LA
ZH 43 BT ] 5 A [ 7 A Ab B oA e 22, {H.
KT LTSI HTICHE N o AN [F)AE 7 B a] 1 75 D 3 b 3
J&, =R L 43 i HR R TR] A e AR £k, BEBH M (5
i ] HE RS 1] DT X A3 SRS AT i B S A A E

e, AS[RIEFS B 1a] A P o) 2R A LS 3 Ff
] 534 F AN 3 Fion. Hn] %0, s 4 s
B 3 FRBE ST TFHEI/NIT i NSP>CSP>WSP, A~
17 P B TR] A P9 A 245 TR AN AR R A T
FARA(P<0.05), BEZE 8 A AL BB R] g0, AS [R5
B 43 F B AR 2R s, i WSP 5 CSP
oy AR AR, H5eN, 7R S AL PR 40 min

F 2 N[AH AR AR R R SRR PR ) e B (mg/g ATR)

Table 2 Composition and content of pectin neutral sugar in grape cell wall at different ultrasonic power (mg/gAIR)

FEf BRI (W)  HEEM (Man) R0 (Rha) A FIRERR(GluA)  HHHE(Glu) PZLKE(Gal)  FIHi{fbE(Ara) BELERL FELLE2  BELLR3
CK 0.49£0.06®  0.12+0.04° 0.33+0.04° 0.36£0.00°  1.26+0.11° 0.78+0.08" 3.58 0.015 17.00
700 047021  0.11£0.05® 0.18+0.02¢ 0.33£0.01°  0.83x0.19° 0.7420.08° 6.70 0.009 14.27
WSP 800 0.43£0.19®  0.10+0.02° 0.26+0.05° 0.31£0.07°"  0.65£0.09° 0.68+0.10° 7.95 0.008 13.30
900 0.31£0.01° 0.07+0.00° 0.30+0.06° 0.3120.03¢  0.49+0.05° 0.43£0.22¢ 9.66 0.007 13.14
1000 0.5140.12° 0.08+0.00° 0.33+0.15" 0.32+0.02"  0.57+0.18° 0.45+0.44¢ 7.42 0.009 12.75
CK / 0.06+0.01¢ 0.32+0.15°¢ / 0.24+0.03" 0.3040.05° 12.83 0.008 9.00
700 / 0.08+0.00° 0.360.15" / 0.23+0.06" 0.24+0.03" 1202  0.012 5.88
CSP 800 / 0.06:£0.03¢ 0.24£0.01° / 0.20+0.04° 0.15+0.00¢ 1517  0.010 5.83
900 / 0.06+0.07¢ 0.33£0.06° / 0.16+0.01¢ 0.18+0.00° 13.78  0.010 5.66
1000 / 0.130.01° 0.26£0.06° / 0.18+0.02° 0.15+0.04¢ 12.11 0.023 2.53
CK / 0.60+0.08* 0.18+0.15" 0.29+0.01°  0.30+0.07" 0.59+0.07* 19.58 0.034 1.48
700 / 0.53+0.07° 0.14+0.10° 0.27+0.02°  0.24+0.04° 0.54+0.13° 14.95 0.027 1.47
NSP 800 / 0.64+0.03" 0.06+0.00° 0.26£0.00°  0.20+0.01° 0.53+0.03" 12.64  0.036 1.14
900 / 0.6240.03* 0.05+0.00° 0.23+0.18°  0.16+0.02° 0.41x0.02¢ 20.23 0.044 0.92
1000 / 0.17+0.01¢ 0.21£0.18* 0.35+0.00°  0.19+0.00* 0.44+0.03¢ 24.85  0.008 0.90
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Table 3 Weight average molecular weight of three kinds of
pectin under different ultrasonic time and ultrasonic power

B HFEM, (Da)
AL KBV AR BATERK
(WSP) (CSP) (NSP)

CK 3100+3.99* 3321+5.95 3559+9.38°

20 3025+25.70° 3199+8.22° 354443.02°

A 1] (min) 30 2854+3.31¢ 3093+8.49° 3529+1.96°
40 3039+1.69° 3174+3.68° 3517+1.13¢

50 2997+6.68° 3167£5.29° 3515+1.96¢

CK 303742.59° 3261+7.27° 342042.91°

700 3027+4.46% 3179£13.9°  3388+13.20°

Ui# (W) 800 2993429.60°  2740+5.50°  3377+13.20°
900  2926+£30.20°  3145+1.48>  3355£12.20°

1000 2760+12.20°  3102+1.01° 3343+1.86°
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Fig.3 SEM of three kinds of grape pectin under different ultrasonic time
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Fig.4 SEM of three kinds of grape pectin under different ultrasonic power
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