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Effects of Three Foodborne Polyphenols on the Physicochemical
Properties of Potato Starch
CHEN Tiange', LI Yongxian', WANG Lu?, XU Min', HUANG Lixin?, LIU Lei""

(1.School of Pharmacy and Food Engineering, Wuyi University, Jiangmen 529020, China;
2.College of Food Science and Engineering, South China University of Technology, Guangzhou 510641, China)

Abstract: Potatoes are a type of grain and vegetable crop that contain polyphenols and starch. The interaction between
polyphenols and starch occurs during the processing of potatoes. This research was designed to investigate the effects of
different foodborne polyphenols on the physicochemical and functional properties of potato starch (PS). Changes in the
solubility, swelling, retrogradation, freeze-thaw stability, pasting properties, thermal, and rheological properties of potato
starch were analyzed after the addition of varying concentrations (5%, 10%, 15%, 20%) of ferulic acid (FA), gallic acid
(GA), and rutin (RT). The results demonstrated that ferulic acid and gallic acid significantly increased the solubility and
decreased the swelling compared to the native starch (P<0.05). The addition of 20% ferulic acid and gallic acid resulted in a
1.3-fold and 1.8-fold increase in the solubility of potato starch, respectively. All three polyphenols could significantly
reduce the retrogradation, water precipitation rate, and peak viscosity of potato starch (P<0.05). Thermodynamic analysis
revealed that ferulic acid and gallic acid exerted a significant influence on lowering both the pasting temperature and peak
temperature of potato starch (P<0.05), while no significant influence of rutin was observed. The rheological characteristics
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of potato starch paste in a steady-state condition indicated that the polyphenol-starch paste exhibited notable shear-thinning

behavior and functioned as a pseudoplastic fluid. These findings provide a theoretical reference for the processing of potato

starch-based foods.
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pH F &, 3E M 4IRS pH BREE (pH A 3.0~3.4)
IS K M R, i AR R B R A R KR Y
TRRROL,

R A A WA AEL R B S A R R 2 (Al 22 1E, 7T
FHF R VERPR g RO e e, AR AR R AR, HLHAOR)
e Mgl SR GERYAH EL (2062 cP), BRI By
&, RS S GERIRI Y A A 2 T R (P<0.05), Hoh
B 5 P B IR A E AR B by, O E 535
[ 2 836~1045 cP. 965~1119 cP Ju N, XK £
P A I AT AR 0 Eh 48 S50 Bl i ok R e M o

Bl A (B MBI S A AR E I 2(E, WTHTF
FENETE AT 49 S 10 [l A R B L M e MR v R e 1k,
TR TE R AR R AR AFR 1 Rl E S,
ABE 5% BIMESMYBERIR S B TFIRE, DS

K1 ARRIZES R B RO LR A 2
Table 1 Effects of different polyphenols on the pasting properties of potato starch

HEf FSHIEEE (C) WE(EFIE (cP) BHEFEE (cP) ZAEFEE (cP) HAfEAE (cP) A= E (cP)

NPS 71.7040.21%® 4353+20.97° 2291+10.25° 2648+17.92° 2062+14.25" 357+16.55¢
NPS+5% FA 71.00£0.06° 2637+13.00¢ 1801+15.03° 2261+15.57" 836+13.51™ 460+13.60°
NPS+10% FA 70.90+0.05¢ 2490+13.51" 1608+22.318 1924+23 51 882+21.53! 316+24.69"
NPS+15% FA 70.90+0.10° 2397+15.51% 1502+27.02" 1778+13.21 895+14.04* 276+10.24
NPS+20% FA 70.85+0.60% 2472424 51 1427+33.06 2140+14.51# 1045+12.65" 213£11.52!
NPS+5% GA 70.90+0.10° 2654+27.25" 1639+22.52° 2041+14.16" 1015+23.05' 402+15.13°
NPS+10% GA 70.10£0.15¢ 2414+12.08' 1449+24.041 1757+33.06¢ 965+22.52 308+13.51
NPS+15% GA 69.30+£0.31° 2384+16.66" 1265+32.12 1513+24.58! 1119+23.51° 248+13.41*
NPS+20% GA 68.60+0.18" 2272422.65' 1176+15.03' 1494+13.61™ 1096+15.57¢ 318+15.68"
NPS+5% RT 71.000.10° 3883+18.51° 2207+16.11¢ 2677+17.64° 1676+32.54° 470£14.16°
NPS+10% RT 71.90+0.79° 3915+25.51¢ 2142422.08¢ 2722+14.04° 1773+13.06° 580+12.15°
NPS+15% RT 71.80+0.65° 4058+14.04° 2222+13.21° 2823+24.72° 1836+21.53° 601+13.46°
NPS+20% RT 71.90+0.75° 4232+24.93° 2220+16.25° 2780+7.35° 2012+23.48° 560+9.68°

4 NPS: Ji S48 BENT; FA: BTELER; GA: & T2 RT: 1 T ISR R R38R AT i 22 5 (P<0.05), 2. &3,



- 98 - £ Tl B

2025 4F 5 A

AR [T AR RAAER, R HHBRTERIR 5 7% &I T b4
ELER I R A AT B AR, X T R W S TE
M=z Al S A ARV E R, BRAS T 3R 43T HE I AC IR AN
ELEN T A A A Sy (1A AR i,
XA REE R FESS IR TS T, X T4 e iy 1 4 1
|l A B —E e AR . mIHeSE0RY R, 78
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PP 2 Wy THAS A B AR 2R B S i
22 iR, HIERTA, SR 22 15 Xt B4 S I Ay T4
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A5 SRSV B HH BRI  RAE, LSRRI S I X Hose
MBS/ T BT I ThH AL ST I AR T B 1 S )
N, R TRV DI (8, R
FEIEIE . M E TR IR N 20% B, D485 3E
IR RIE RN T 7.52 °Co USRI &
TIRIG, THES S TER WA IR B A2 IR AR A R
#aF, HEAA WIS E . IR RF A TS, &
AR ETE R IR A TELRE (VR RS HY B A, {H 44
FRINLRIRERRAR . =P W A 15 S 2 e
AR R R FRKS (B B9, AR SR RS E B P BRI S D
BEINTRRAR . S TFRRADS T AN e, &%
HEIE MRS LTS B TG, K51k
KB REAIR ZE 2.44~3.78 J-g' 0 B PN, B8 SR UE 45 R A1
T 34.7%~57.85%.

22 RFEIZ IR BB TE R ) R 5
Table 2  Effects of different polyphenols on the thermodynamic
properties of potato starch

e MR MR SRR A

m (c) () () Jgh
NPS 57.80+0.21°%  68.89+0.30° 79.05+0.12°  5.79+0.01*
NPS+5% FA 56.55+0.837  67.65+0.15° 75.43+0.21" 3.81+0.15°

NPS+10% FA  57.63+£0.34%*  67.57+0.07° 74.83+0.50% 3.58+0.52°%
NPS+15% FA  58.25+0.38%¢  67.39+0.26° 74.24+0.33% 3.32+0.24°*
NPS+20% FA  57.44+0.31  67.19+0.32° 73.97+0.18% 2.91+0.06%
NPS+5% GA  53.70+0.33¢  64.91+0.07° 74.61£0.56* 4.73+0.17°
NPS+10% GA  52.01£0.16"  63.42+0.53% 71.09+0.31° 3.25+0.42%
NPS+15% GA  51.63+£0.26"  62.34+1.64° 69.97+0.42"  2.37+0.162
NPS+20% GA  50.28+0.16'  59.1144.50° 69.09+1.79"  3.24+0.15%
NPS+5% RT  58.65+0.58" 69.11+0.13* 76.57+0.41° 3.78+0.07%
NPS+10% RT  58.99£0.37®  69.24+0.22° 76.17+0.58°  3.15+0.60°
NPS+15% RT ~ 59.49+0.49°  69.14+0.11° 74.75+0.10° 2.44+0.27%
NPS+20% RT  58.84+0.20™ 69.21+0.19" 75.69+0.18™  3.03+0.11°
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Fig.5 Effects of different polyphenols on the apparent viscosity
of potato starch
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Table 3 Herschel-Buckley models for downward steady shear
properties of potato starch with different polyphenols

SR T A S A AR A R R R . n (HSET 1 B
DA A A TR AAS s n BRI, AR s H A S P T
R RFAE . AT A, &R LGS R R IHE
0.998~0.999 Z [a], UG HEREUT . RIR AL TEM

i K n R VL Ko 4% Z2 Wy - Eh R B VE MY S -5, e BT 1 AT s

f c S, S > > Y BT

NPS BSOS 0SSO0 09978 g T 1 B SR (BB VLS, AT DY
NPS+5% FA 41.206£2.107¢ 0.537+0.008 0.9988 e . .

‘ ) . DIASKRE IR, Chou 45091 i J R AOHE, KB
NPS+10% FA 40.748+1.833 0.4630.005 0.9996 R . B e s A
NPS+15% FA 39.479+1.842" 0.474+0.005* 0.9996 TR N TORGERT B SERZ I -FER S5, .
NPS+20% FA 42.398+1.633 0.4790.004 0.9995 VEBYRA ) ARFR B TE 0 1 1 Z 081, £56 89 V) A8 H
NPS+5% GA 45.596+1.932° 0.499+0.013' 0.9991 PP T, S R BB M AR
NPS+10% GA 35.479+2.117 0.528+0.009° 0.9984 S N

° . . 2.6.2 ZTHXT THES SUEN SRR SR R i R i)
NPS+15% GA 22.583+1.733 0.579+0.010 0.9976 L DR o
NPS+20% GA 15.550+1.071* 0.623+0.011° 0.9982 BRI | 2 BT TS S PR R AR A AN
NPS+5% RT 65.9843.156° 0.509+0.008" 0.9989 A R AR L B 6~IF 8 ST R . FR B AT A,
NPSHIO%RT  GL042714° 052150007 09991 it 25 1 AT R 0 B, 75T A S 1A R 1

a g \ >,
NPS+15% RT 69.353i2.977d 0.513+0.007 0.9991 Gl G"ij][], H G'j(:J: G", Bl tan o !Zﬁ‘@}/]\:‘F‘ 1, ﬁ
NPS+20% RT 60.7373.186 0.5290.009° 0.9988 " X - s .
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Fig.6 Viscoelastic change of FA-PS system at different frequencies
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Fig.7 Viscoelastic change of GA-PS system at different frequencies
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Fig.8 Viscoelastic change of RT-PS system at different frequencies
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