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Effects of Kudzu Starch Incorporation on the Properties of Dough
of Blended Flour and Quality of Shortbread Biscuits
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LIU Chuanju'?, LI Huanhuan'?

(1.School of Food Science and Chemical Engineering, Hubei University of Arts and Science, Xiangyang 441053, China;
2.Hubei Provincial Engineering and Technology Research Center for Food Ingredients, Xiangyang 441053, China)

Abstract: Shortbread biscuits were baked using blended flour in which the wheat flour (WF) was partially substituted with
kudzu starch (KS). The properties of the blended flour dough and the quality of the resultant shortbread biscuits were
analyzed using a rapid viscosity analyzer, rheometer, colorimeter, and texture analyzer. The color variation, hardness,
crispness, puerarin content, and overall sensory evaluation score were selected as comprehensive scoring indexes, and the
indexes were standardized to calculate comprehensive scores. The analysis revealed that with the increase in the KS
proportion, the puerarin content, final viscosity, and retrogradation values of the blended flour increased significantly
(P<0.05), whereas the storage modulus (G’) and loss modulus (G") of the blended flour dough decreased progressively. KS-
incorporated flour yielded shortbread biscuits with more accentuated and varied colors. The hardness and crispness of the
biscuits initially diminished and then increased with rising KS proportions, with the minimum hardness achieved with
20%~30% KS and the maximum crispness attained at 40% KS. At a KS proportion of 20%, the overall sensory evaluation
score peaked at an impressive 85.75 points. At a KS proportion of 30%, the overall score peaked at 67.08 points,
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corresponding to a puerarin content of 15.89 mg/kg in the biscuits. In summary, partially substituting WF with KS

effectively improved the quality of shortbread biscuits, with the optimal substitution proportion being 30%. These

experimental findings lay the groundwork for the development of KS-incorporated food products.
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Table 1 Sensory evaluation criteria for shortbread biscuits
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Table 2 Blended flour composition analysis (dry weight)
KSHA1(%) RIER (/100 g) EHERERY (2/100 g) 1 (g/100 g) I (2/100 g) M ZE (mg/kg)
0(WF) 83.44+4.34° 22.58+1.82° 8.70+0.58" 1.21£0.13° /
10 83.12+4.20° 22.19+1.92% 7.97£0.72% 1.05£0.06™ 11.0244.17°
20 82.73+3.72° 21.77+1.77% 7.30+0.52" 1.03+0.08® 25.97+4.80%
30 81.56+3.94° 21.34+1.72% 6.64+0.34° 0.99+0.13® 30.86+8.50
40 81.61+4.78° 20.95+1.61% 5.74+0.44¢ 0.95+0.22" 44 .47+9.65
100(KS) 80.02+4.79° 19.02+1.35 1.71+0.13¢ 0.54+0.07° 134.89432.17*
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Fig.1 Pasting curve of blended flour

CAPPA ZE fUiff 58 KW, RVA Wik S5 59t
T LA 435 PR A7 AE S 35 LR A S vk, Hodh PV
FV 1 SB 5410 EE IEAISCE, 5P B ARy
AL AE DG, LIU 4809 (938, RVA Bk =
b PV, TV. BD. FV #1 SB ¥ 59 T 10 E iP5
2 RE A, M5 T EE A, IR
JERE AR A 45 BT A 1 B e R h a2 I &
R FITLEREI L, PRl EE ik R B i AL B AR
Sy ¥RvE . BRI O B B0 LAk M, TRat:
e/ TR 3N ) 85 SN 2 N O E = A R A D DN s = DD
EIPOERE DT A BB T, B, A
RVA FHEBHORE KS MRINGEA BB EDET
PR

ZLRPERLA (K] 2) T 23 KS HFITE 0%~40%
B, H b5 PV, TV, BD. FV I SB £ £k 1k 1E4H

£33 IREMHILRIESE
Table 3  Pasting property parameters of blended flour
KSHFI(%)  WEEF B (mPas)  A{EHFE (mPas)  Hf#(H(mPas)  BZAHE (mPas)  MIA(H(mPas)  WE(HAFE (min)  EBIERE(C)
0(WF) 1853.00+30.51° 1243.00+17.35° 610.00+36.06" 2326.33+48.42° 1083.33+58.16° 5.86+0.12° 80.33+0.03"
10 2025.67+40.50° 1370.67+32.87¢ 655.00+£11.53° 2521.67+£22.12° 1151.00+11.27° 5.76+0.10™ 80.37+0.06"
20 2278.33+23.07¢ 1565.33+13.05¢ 713.00£12.77¢ 2779.67+36.67° 1214.33+29.01° 5.67£0.07° 80.33+0.10°
30 2572.00+28.69° 1761.33+23.35°¢ 810.67+8.62° 3010.33+32.72¢ 1249.00+12.29° 5.51+0.03¢ 80.37+0.06"
40 2899.67+23.50° 1955.67+13.28° 944.00+35.68° 3203.33+£5.51° 1247.67+8.74* 5.33+0.07¢ 80.27+0.03°
100(KS) 3726.68+20.90° 2301.06+11.06" 1425.62+12.37° 3438.70+2.75% 1137.64+8.33° 4.91+0.03° 80.75+0.09*
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Fig.3

Rheological curve of blended flour dough
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Table 4 Rheological curve fitting data

G G

KSEL (%)
K'(Pa-s") n' K"(Pa-s") n” R

0(WF) 11129.18+1440.91° 0.23+0.03" 0.9608~0.9902 8564.08+750.63" 0.27+0.02° 0.9452~0.9898

10 10762.74+1920.06 0.18+0.02° 0.9388~0.9596 8335.72+580.64° 0.23+0.01° 0.9729~0.9872

20 6001.67+2429.05° 0.14+0.02% 0.9029~0.9300 6893.51£1035.37* 0.21+0.01° 0.9579~0.9871

30 5590.85+947.91° 0.13+0.01¢ 0.9062~0.9954 6506.46+1201.25° 0.15+0.02¢ 0.9554~0.9701

40 5353.24+832.79" 0.12£0.02¢ 0.9315~0.9798 6077.84+754.99 0.17+0.01¢ 0.9280~0.9823

B G'F G RFE, TAO £5:20 FENFSY S48 Z ekt
T A AR AR R AR S B S 2 B T 44 SEE A I B N s

R T A G'Fl G”; KAUR 2627 (i iR, Gl
G 5P R 2 B EAHSG . ARSCH KS iEsin
BEATS T T A %) 2o e, (e A5 g AT AT S R A, L eE

JEOF T EEREAR, X FRRME U BRIEAY 1 AT B

EF.

2.4 BEREMIERMYEHT| A RREN

2.4.1 EORIERXTEMEDE T @R RER S AT
1, WF Ky L5 KS Joi 325 5 (P>0.05), {H a
b i T KS(P<0.05), W i kT KS(P<0.05),
XATRERR WF P& LT 4 S AR pE by 4H 00 A % .

VG My SV ) A LR D T I, SR B 0 2 A

o, H LF wi IR Ky, B im KS /gt 1+
(10%~40%) LA W i 2 BEAIK (P<0.05), T HHIMA
KS EWt Bt nig . gt i v g i Ar fb

SEEIAL . AR SN T SE R N A %, KS 1Y

IOARTRER A T HR IR ES  J5bs, fedt T b b se

PRI R 08 A, B e iz =, L 0% £f
ShgE Xt BE, BOHE L7 o F b IS E A E AR S

M AE, AE BRSNS 5 %] B S 22RO . 45

B EIR, Y KS HHITE 10%~40% 5f, AE TE 2.69~

3.22( AE 7E 2.00~4.00 BF FEHARE S TRl A R A5 DL 122
5, AR Y R T 3252), B KS AU I iRt
PP RIS, H R R B B HAS I B A ) 1
ITREI,
2.4.2 EARIEXSYFT B A sZI 2R S A A A
FLA DT REEF G TAs g e, s i (H ) a2 A
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(g); BRIETE (Fy) 52 S BF — > s KU N 1 R
(mm), PEES i/ NFe BHBRIE PR AR LT
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i, Hy F1F Y52 35 AR S TH s n s, KS Hufil
A 30% Bf H, 241 (1570.52 g-s), KS LA h 10%
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KS Eu @ in, iR (H,) IR S B RS T B
#ad, 78 KS el 20% Bt H, %1% (1107.66 g), T
F, BB RN, (H2ZE R AR E
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J& EFmokas, R KS BIES IR R T I A5 & 119
i, AR YT P A A T R EE R, R RAZ 19
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Table 5 Color of shortbread biscuits

PEdh KSH(%) L b w AE
ik KS 94.01+0.21° 0.16+0.01° 2.37+0.05° 93.56+0.17° /
S WF 93.52+0.60° 1.49+0.25° 8.35+0.20° 89.31x0.19° /
0(WF) 79.28+1.35° 1.61£0.35¢ 17.84+0.46° 72.59+1.08° 1.29+0.57°
10 77.72+0.81° 2.67+0.46° 19.60£0.34° 70.20+0.61° 2.69+0.55°
BRMHEDET 20 77.55+0.48" 3.06£0.25" 19.48+0.23° 70.12£0.29° 2.84+0.25°
30 77.30£0.50° 3.27+0.29° 19.43+0.34° 69.94+0.42° 3.0840.38"
40 76.82+1.51° 3.48+0.34° 18.43+0.27 70.17+1.24° 3.22+1.40°

#6 BRIV R
Table 6 Texture of shortbread biscuits

il =l
KSHA1(%)

W (H,) Bk (F)) W (H,) PR (F,)

0(WF) 1811.81+61.83® 4965.34+555.27% 1427.36+130.03" 3.76+0.34°
10 1792.20+£330.64% 3008.17+134.78¢ 1279.47+214.09 4.00+0.09*

20 1723.274239.99® 3807.53+165.43° 1107.66+99.94° 3.98+0.20°

30 1570.52+91.63" 4474.34+214.49% 1384.19+48.17° 3.84+0.39°

40 2049.98+252.88° 5183.05+546.93" 2136.95+130.92° 3.7340.29*
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Table 7 Sensory evaluation scores of shortbread biscuits
KSHA1 (%) A& Rz 1k EAEED bk By
0(WF) 23.00£1.07° 7.75+0.46° 24.13+0.99® 17.00+0.76° 8.380.52% 80.25+2.25¢
10 24.88+0.35® 8.00+0.53" 24.50+0.93 16.75+0.71° 8.13+0.35¢ 82.25+1.16°
20 25.63+0.74° 8.88+0.35° 23.75+1.04° 18.25+0.46* 9.25+0.46" 85.75+1.58°
30 24.88+0.99 8.75+0.46° 24.13+1.55® 18.63+0.52% 8.88+0.35% 85.25+2.66™
40 24.50+0.53° 8.25+0.46° 25.38+1.85° 16.88+0.64° 8.75+0.46" 83.75+1.83"
8 BRMUFT B IS
Table 8 Nutritional composition of shortbread biscuits
KSH41 (%) 7K (%) EH(%) R (%) HRZE (mg/kg)
0(WF) 3.72+0.15° 5.51+0.41° 22.36+1.34° /
10 3.68+0.32% 5.41+0.30* 23.07+0.45° 4.98+2.00°
20 3.59+0.15" 4.5240.45° 22.61£0.90° 13.96+2.79°
30 3.80+0.30* 3.75+0.44° 22.57+1.87* 15.89+2.63°
40 3.40+0.31* 3.16+0.17° 21.57+1.63 22.19+4.44°
#£9 BRHEUETZE AR
Table 9 Overall score of shortbread biscuits
FrifEAL(E[0,100] ‘
KSHA1(%) —— — LEA TSN (T,)
B (AE) i (H, ) BRIETE(F)) BEH S PRESE
0(WF) 87.32+9.44° 61.35+£7.21" 74.5119.61° 32.69+17.32 0.00:0.00° 5117
10 64.2249.11° 63.64+38.57® 5.40+4.76% 48.08+8.96° 18.72+7.50° 40.01
20 61.86+4.10° 71.68+28.00™ 33.63+5.84° 75.00£12.16° 52.43+10.49° 58.92
30 57.86+6.33° 89.50+£10.69° 57.17+7.57% 71.15+20.46™ 59.70+9.87° 67.08
40 55.60+£23.00° 33.57+29.50° 82.20+19.31° 59.62+14.09™ 83.33+16.67° 62.86

S T3 B, MR A R BRI T B 24 KS H
g i Bk, T R ey A SR S a M, KB RTER S
PENG ISR 433 BT £ 25 A 5 TGERTE AR, BERsHRbRs
PFT ARG A R TE BT e PR 445, T35 ) A X 350 4
T, M35 B AT ARG E L FC, FRPED HAa
BATR P 8 B AR e IR R, 27575 1 KS LAl
FE 20%~40% BNEHE

243 EAARBEREPETRE N 3k 7 ] HBEE
KS Eefrssn, Bt TS . Hg . SR
T A5 I 20%~30% B 35 328 B FRAE, 1 1 ETE
40% AR FEE A Hodh KS Eufilh 20% A, BB
Sy, N 85.75, WLETERIEGETAMNE B, (iF
5], WriE 2 2 IR H A il 57, BN Ul . 4
KS oA 10% A, Bk srmgAa L1, {H g
LIRSS 0% AH ELA 3Bt SR PES A BT
B%; 24 KS Lh#2h 40%, PF T H Bk, Hiads
JEOARIAEARE, (ELH A 2 1t (IR o T 2R i Y
BRdE, HoB 5 RO R R

2.4.4 BEIREREDFEEIEMIIGER S 2 8 A,
BT A RE 5 K 4y & B AE 3.40%~3.80%, £ & GB/T
20980-202 1 YT /57 538 W) ) X R 9F T 7K 432 i
P ER (<4%) . BRH T EAE 3.16%~5.51%, FE 5
KS EeBlfg3en, B A& R FRE(P<0.05); IBIT &
TAE 21.57%~23.07%, 25 FE A To i 22 5. K3
A B & ESSH WWEREDETAE Y, s

AT EBMRER, ZEEREDE T R RS BTE
4.98~22.19 mg/kg, HiE EBEILT 3R 2 # KW IRE&
¥l oy el RS U b s AR S (6,13~
24.66 mg/kg), =R AR R AR BT SRR AT H 4
Way: 28
2.4.5 EREMEYETILESE TS ARIERTIAM LS
S, VT @22 (AE)  REEE(H,) . BRI (F,) . B
EIE BB AR R Fr I 5 DR bR T S AR IR
YT ILEEPESr. HBREYE (F)) . BB PR S5y
FIESAR R A M IE M FEAR, (022 (A E) FIRERE (H )N
WimFEbR. AFRPRE MR BN —3K, FEXT 2548
PRI TARUEALARER)S , ST LR B PRSI B R bRE
B B U T3, a5 R 0L 3R 9. T4 R e
7R, 24 KS Feilhy 30% B, LA PErdr, 153 67.08.
3 g

SR KS #4384 WF il & B, XHES
s T AR D A AA L . B AEREE | A
REE . R B AR T TR o AhsA 2 sl
ZERBIR, KS s Fl iR S b SRR
i RVA 455 R, BE#E KS Fu @ agsshn, 1R &8
FOZE AN A A W 3 ETH(P<0.05), HIREG He@mFniR
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