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Abstract: Three types of superfine Pueraria thomsonii whole powder (designated SGP-1, SGP-2, and SGP-3) were pre-
pared using a dry impact superfine grinder and compared with the Pueraria thomsonii whole powder prepared by a ham-
mer cyclone mill (designated P-120) and the refined kudzu starch obtained by water extraction (designated KS). The effects
of superfine grinding on the physicochemical properties, sensory quality, functional components, and antioxidant activity of
the whole powder were systematically investigated. Results showed that SGP-2 and SGP-3 achieved particle size D90
values of 19.60 um and 19.16 um, respectively, both meeting the criteria for superfine powders (<20 pm). Compared with
KS, SGP-3 exhibited increases of 317.66 mg/kg in total flavonoid content, 0.12 g/g in water-holding capacity, 0.11 g/g in
oil-holding capacity, 0.97 mL/g in swelling power, 44.26% in DPPH free radical scavenging activity, and 0.74 in total
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reducing power. Relative to P-120, SGP-3 showed increases of 17.5 points in overall sensory score, 3.17 in whiteness, and

21.68% in pasting transparency. However, the final viscosity of SGP-3 decreased by 288 mPa-s and 2097.33 mPa‘s com-

pared to P-120 and KS, respectively. Analyses such as scanning electron microscopy (SEM) indicated that the enhanced

quality of the superfine powder was largely attributable to its finer and more uniform particle size. However, the intensifica-

tion of starch damage and the destruction of crystalline structure during the ultrafine grinding process could also lead to a

decrease in its final viscosity. In conclusion, Pueraria thomsonii whole powder exhibits superior functional properties com-

pared to kudzu starch, and superfine grinding can effectively improve its edible quality.
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grinding of Pueraria thomsonii whole powder, SGP):
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B RS UTUE E TG A, 50 C LT 24 h s
& H .

18 2 YE YT AR O R AL A EE VA T AN 2 30%.
60% F1 90% Ak (1Z 15 £ R T 1% v o =X 8 Tk e 1%
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SGP-1. SGP-2 £l SGP-3 =~ R A AYABHKT; K AR
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1.2.3.2 WL IGESCRME FREC 1 g TER (T30)
F1 100 mL 4li/K F 100 mL 4 555 P, bk i
FIRGINHAIL | h, B E =R R E T
BEASCEE e L, 0 S 45T = Ay s S AR 2, PR Y R
400~800 nm, FH4li/K A% 1F (L A, e HURE i iR
(T, %) .
1.2.3.3 BYEIEE FREX 12.00 g B4, iIA 50 mL
ATV 1 8 e = S I W R I UIE STA VN = B A E i 2 S A I
A 150 mL 37K, Fe454 Pk B 2 ol Ee 5 5g ehi ik,
AR SE AL, nTE TS R PR, R4
Wik, WA B HE RS TR E VRS « SR E E
ML TR, S AR B T s ERGIE . R ER
ZAEYN 10 AVFE NG, #5638 1 P TiPE . 8%
BHEZE AL, A2 Tl A3 435128 AR B vhiE J5 59 2R
1S ; AL A2 Fil A3 B AL TR 43 91l Sl 0.4,
0.4 F1 0.2; ¥FiF 8 % IV 0 8% B P4 MG v, (40~
50 41) . B V,(30~39 43) . H1 V;(20~29 43) . 2V,
(10~19 43 Firfle 22 V(0~9 43) .
1.2.4 BB 7K -G AREHE IR 502 B I
1.2.4.1 F¢7K J1 (Water-holding capacity, WHC, g/g)
F430h 77 (Oil-holding capacity, OHC, g/g) i 5E B
B 0.5 g ZEAREME T 15 mL 8.0, mHin Adl
KB GIH 10 mL. IR FHREEURY 30 min J&5
#E 24 h, ZJ5 5000 r/min 25.0> 20 min, 325 FIHHK
PREBUVE, ¥ FUITARE S WHC F1 OHC™,

wHC = 2~

m; —1m,

OHC =

m,

o my HAES T, g m, AR RTEL LY
BEHE, gy my NELLDEEOE SUTERN B E R, g
1.2.4.2 7K ¥ E 5 % ( Water solubility index, WSI,
%)ME  FREL 0.1 g FES, BT 15 mL B0,
A 10 mL /KJG 5850 UR 3450, Bk 4k 30 min,
R ZEZEIRJE 5000 r/min 2.0 20 min, 3] H I
FRAETD, SR EHUE 105 C LT EEE, T
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Table 1 Sensory evaluation criteria of Pueraria thomsonii whole powder
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I+ wsit,
WSIL(%) =

M7 100

Kb m, HFES T, g m, MRS TS EE,
gsmy NERETT FIEWRMLTE SRS S A, .
1.2.4.3 Ji@hkJ1(Swelling capacity, SC, mL/g) FI¥E5L
%% (Tap density, TD, g/mL)MI%E  FREL 2.0 g BUFE
fm A 20 mL mE P, LIRS BB HEARIRSS
RN HAR L, Z E I EEH A 15 mL 47K Fe5y
P 5), FEIR FBCE 24 h, # F 0018 sC #
TD! 141
V.-V,
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Kb m, AHERTE, g V, AR RIRSE S EEE
IR, mL; V, IR S R R KIS U 24 h )5
AR, mL.
1.2.4.4 #E VTP %2 (Condensation, C, %)  FREX
0.1 g FE&L, BT 15 mL JEIEZ) A P, i A 10 mL
alizK, FRATIRZH SIS, KBTI L 30 min, Ei&
THEEE 48 h &, # FECH ARSI TIEN

C(%) = :/72 x 100

K. Vv, B A E =R AL ET, mL;
V, NEE 48 h JGZIBEE T FIFWRAAT, mL o
1.2.5 ESRyifbat i
1.2.5.1 JKIFEEME  SRATRBK SN E SGHAT
s, I 2 IR E 105 °C, MR 5 3B o 0.002%/
min!'®,
1.2.5.2 FHEVER . LHEETEMANETEMIIE S35
TSN B T IR IEAEAE R, SR PR A 2 [T B S
HEVER AN L BEVEM B i o A3 FREL 100 mg BLHEUE
A RIS BEVER PR UE S TR, InA 1 mL JoK 20
9 mL EAALHE R (1 mol/L) F Tk 7K i Hr ik
10 min, B H)5H#ER 2 100 mL FEEIMHKESZZ
BE, 138 1 mg/mL % BLAE GE Y F1 S HE E R BRI TR
B . 435I EL 24 mL A1 6 mL [ 2 A% GE R A1 E 5
VERSBRUETS B ROR A Y20, TE % 401 IR A FRifE
W S R BUR G FREAR 0. 0.5, 1.0, 2.0, 4.0,
8.0 mL & T 50 mL &I, 435l A & AL eH
%H(0.09 mol/L)8.0, 7.5, 7.0, 6.0.4.0, 0mL £ 2mL
W (1 mol/L), 1 mL BRI (2%), FHK & %
% 50 mL. W CEETE MBS 0. 8. 16, 32,
64. 128 pg/mL; ELEETEM M : 0. 2. 4. 8. 16,
32 ug/mL. RS CCETT5H 0 ng/mL SZ4ERE
A B EEVE R, TER I 427 nm(4,) | 535 nm
(2,) . 630 nm( ;) . 757 nm( ) &b il 52 22 %1 bk i
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AA =A Ay AA G =A = A o SPRILL AA L FTAA
SRYNABRR, SCEETEM FI ELAE DE MR B AR Al bR, 2]
KA S BERS (y=0.0061x+0.0095, R>=0.9995) .
#5 TE By (y=0.0158x+0.0022, R?>=0.9986) b7 i 1 2% .
FREX 100 mg #f 32 AR 7 I A TG /K 2 BRI E 4R
LR REZSZE 100 mL J&, B 2 mL B SIS K
IO ZFEE ARG 2 25 2 50 mL, S
TEAS RS TR I 6 B FE AR A ARt £33
TURE Hh S EETE A AN A TE A & i (LA T3 ) 43 diild
TG, EUEH  ERE TR FI SRR O i R
_ C,x50xD y
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o X, RS TP S EETERY B, Yo; X, SRR
H EAETER B, % xo EEMIIKST S &, %; C, N
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1.2.5.3 BEEAME 235 SN/T 4592-2016(H A&
il R TR I ) T vk, SRS . TRIBOST T AR
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100 mL & &Eiffid . JINJe/K 2 W s B A F 2 30 mL,
MR I A KRS B2 55975 W (100 g/L) 2 mL, B2 A0 %
(98 g/L)2 mL, F&5) G B4, RIWRUER IR 515
A 5,10, 20, 30, 40 pg/mL. ¥ 1 h /5T 420 nm
Ak, LA 30% £ BEHS MR N 25 1, D2 WO B 225 il A
HERZE (y=0.0296x—0.0012, R*=0.9999) . HX 2.0 g ¥
G (CFE) BT 25 mL Eb @ b, ITA 70% 2 BE%
W 10 mL, 4IRS, BT kK v 41k
30 min, Z )5 BUH & TE S EBECHE RS 30 min, H
70% LEEEARE 25 mL JE L. B VW 5.0 mL,
BT 25 mL Ib@EAE T, InJo/K B 2 SR
7.5 mL, KK AGE R4S 0.5 mL, Fiff /9 8 7
0.5mL, FAIGEERZE 25 mL, #% 1 h FUSHIR
WRZ LT 420 nm AME OGRS, EEbruith 2k
TR VAT T B TR B . A R B T b R X
T
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mx5
\\%

Hob X O BB S, me/kgs m i ARAERRZ
5 19 B i i BB TS R T R, ng/mL;
W RS IR AL, g
1.2.6 BB PTE A REEN
1.2.6.1 DPPH H HILWEERAEI M E HL 2.0 g £
i (TFE) BT 25 mL BEE 1, A 70% L BE%
W 10 mL, For PR 5], BT K b Fe o ik
30 min, ZJ5 B B TR TE B R 30 min,
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It AR 2R Sl A B A T (Al R A 22, Il 5E P
515 nm), DPPH H i 33E 4% =018,

A, - A,

0

x 100

DPPH H &5 (%) =

Kb A, RS DE RS AT &P IRT IR A
PSR Ay RisFR S R R B0 R 2 )RR
IMA G RE
1.2.6.2 EGAJRESIME  #2 DPPH A i 7 vkl
FRES AL, B 1 mL B0 500 _LWEW, IIA 2.5 mL
PR EL 2 W% (0.2 mol/L ., pH6.6), 2.5 mL 551k
B (1%), P H51)G TG 50 °C 2% 30 min.
ZIJEINA 2.5 mL =& BRI (10%) Y& 5 1R 2T,
5000 r/min B5.0> 10 min, B EEW 2.5 mL. 48200
A 0.5 mL FeCl, %#(0.1%) F11 2.5 mL 4liZK, Y% 1R
SIS HE 10 min, 7E 700 nm Ak DL 27K A2 He i s
S . SRR RIS ASEs 1, # FiRmirRAab 3
JE WS o RS 4% A

RIBR T =A, - A,

o A SRRSO REE; A, SAS FIOGRE .
1.2.7 BBy AR AR a2
1.2.7.1 PUEFESHHALRVA)MIE  FREL 2.5 g #f
i (35 B RVA MHESAHART, A 25 g gli/k/5H
PEREELIR ARG AL . AR R : 2t
960 r/min JEFE 10 s, ZJ5I8# & 160 r/min, K A}L5E
TE 50 °C T P45 1 min, ZR)5 LA 12 °C/min B0
#E 95 °C, 7E 95 C £-FF 2.5 min, FFLIAHFE M9 3R
BHEIE 50 °C, FJ57E 50 °C 454 2 min 2R,
1.2.7.2 ZREMSHX(DSO)MlE  FREL S mg
i B T DSC MELA I, A 10 pL 46K, JE35 /5
BT 4 °C vKF PO 24 h )5 EALINR. FHZS HHHR
VEZREHATINEK, FHEH A 5 °C/min, EFHEE R
30~120 °C, "FTAEA 50 mL/min"®,
1.2.8  EAWI0 T 5 ARSI
1.2.8.1 £I4MERE(FTIR)MIZE B 2 mg FEAiilER S
55 200 mg KBr Tk iR G0 5] Ja R FH R A
MLUE A o ML Absorption; F 3 3% B: 4000~
400 cm'; STHEER 4 cm ' BRI 32 K.
1.2.8.2 X STERATHH(XRD)MIAE  #EAEHE 40 kV,

7L 30 mA, L Cu fERH . HURESL & THRESL SR L,
FAHEE A 10°/min, WHRATH M 20 7 5°~60°7L Hl Y
79 i, #33) XRD itk 2% HE 55U 19572,
W 5°~30°7 Bl NATT A ZE R H Origin 2021 HUHEZL,
FH X 48 4 B (Relative crystallinity, R, %) #% F =
AL

R.(%) = A. % 100

A +A,

Kb AL XRD T2 45 d X B A, R
XRD [T IESs b X i,
1.3 IR

#5525 ¥ 2 W 2 3 WK K Origin 2021
AT AN 2R 7 2253 H1 (Tukey ¥, P<0.05), 3545
YEPIME . bRdE2E i I R TR TE N
B R 3R A A S 3 25 57 (P<0.05) o
2 RS9
2.1 BT E SRR IR SRR S0

1 2 & A R AARTER PR 43 £k, R
SHFE 2. P-120 [ DO F1 Span {E14 i e T H:
ERE(P<0.05), KB ITZTE 3~700 pm X [A] 2 LE
LS AT, FEIH ORI A, HRAR A AN 5], KS
i) D90 FN1 Span {H &3 = F SGP(P<0.05), FURIEEHH
LR ELNUESIAT, 7 200~700 pm H BRAY /NG R] BESZTE
it SR A2 %A . SGP-2 Fl1 SGP-3 A D90, Span {H
Yoo 22 55 (P>0.05), (B W 3#EIKF SGP-1(P<
0.05); It 4k, SGP-2 Fil SGP-3 ) D90 43 5|4 19.60
pm A 19.16 pm, 735 2B OB (<20 pm) 237, =
FF) o 25 5 1 5 R Pt Tonier A2 sl e/, LB ofe sl g

S
:L;( SGP-3
= [ sGpP-2
=
< | sGp-1
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Fig.1 Particle size distribution of Pueraria thomsonii whole
powder
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Table 2  Particle size parameters of Pueraria thomsonii whole powder

R D10(um) D50(pum) D90(pum) D[4,3](um) D[3,2](um) I (m*g) Span
P-120 7.4240.05° 33.42+1.20° 257.80+3.42° 88.02+1.19° 19.02+0.20° 197.14+2.24¢ 7.50+0.32°
SGP-1 5.37+0.02° 11.62+0.16° 28.20+1.61° 18.30+4.41° 9.95+0.12° 376.54+4.76" 1.96+0.12°
SGP-2 4.88+0.01° 9.88+0.03¢ 19.60+0.16° 11.22+0.08¢ 8.56+0.03¢ 438.28+1.29° 1.49+0.01¢
SGP-3 4.90+0.01° 9.67+0.04¢ 19.16+0.32¢ 11.02+0.08¢ 8.50+0.03¢ 441.12+1.43° 1.47+0.03¢

KS 6.1120.10° 13.38+0.38" 59.52+2.83" 36.20+2.45 11.86+0.27° 316.92+6.89° 3.99+0.16

TE: ARG TR ] 22 5 835 (P<0.05), #3~3K4[H].
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Fig.2 SEM image of Pueraria thomsonii whole powder
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Fig.3 Appearance, whiteness and light transmittance of gela-

tinization solution of Pueraria thomsonii whole powder
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A LR AT B T P-120 A1 KS, ZnhiE)E1E %
PR BT (75 1 2 s, DRI AR 1 B AR AR AR
MR BE BRI BN, ZE AN TR
Bk, SGP-1. SGP-2 1 SGP-3 M ¥ 4 W 3 &5 T P-
120( P<0.05) ; H: b SGP-3 24 i 43 b P-120 & HY
17.5 4y, 5 KS Jo i 325 573 (P<0.05), F=2 B
AT B FcE S Ak B R R, HUBE T S AR
TEMAH .

#3 HORNEEITE
Table 3 Sensory evaluation of Pueraria thomsonii
whole powder

=T ATSMIL A2 A3SBE AT
P-120 19.00£6.32°  16.00+6.54°  18.83+3.76"  17.77+5.26°
SGP-1  30.17+£3.76™  24.50+8.98*  31.67+6.50°  28.20+4.43"
SGP-2  27.50+7.34°  26.67+9.99*  36.67+5.13*  29.00+7.07°
SGP-3  34.83+4.26™  35.50+6.89"  35.67+7.09"  35.27+4.44"
KS 40.33+£3.27°  41.17+6.94"  16.67+5.68"  35.93+3.58"
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KA R E R B AR AR ok EE 22 g m T A H
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Fig.4 Hydration characteristics and tapping density

of Pueraria thomsonii whole powder
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Fig.5 Effect of ultrafine grinding on the chemical composition
of Pueraria thomsonii whole powder

P-120. SGP-1. SGP-2 F1 SGP-3 [ifi & 5 itk 5 JBE
PR INFRIAR PRI, L ELRE VEAS A SRS VEA & 5048
Jo i AR A, (RLRIERY & B RIS TR
B, BV S BRI . RIS S i aT,
P-120 My BERAIR, AAAE R AR BT 01 14 DE A5 AT 75
(B 2)Fner4e(E 3), by LL/NBUS I GER: S 32, X
I HTERY S R T i T SGP-1; SR AR OB v s 55
AR R AT 4 | e Ay AT A 4 o AE s 2 ) 55 VIR
TORLAR S S RRAIR, T TE R AR R S AT AR
WO BRI SO AR S DEAS ot R I 2 i TR DE
B4l 4 B3 n, 7E R B L B2 B SGP-1. SGP-2
1 SGP-3 H ¥ 5 3 BB Wi N, 3t S SO o e



- 82 - £ Tl B

) SGP-1. SGP-2 il SGP-3 HHEJERYLH 4T WEAIL T P-
120, P B B & 5 ka3
2.5 ERMESE SIS AR

El 6 MU T B 48 DPPH H HHILTEMRR
FUEIRF 10 . Bl s P-120, SGP-1., SGP-2
1 SGP-3 1) DPPH [ 1 285 BRZBE LG 5 T 13l 25
=T KS(P<0.05), H:Ahr SGP-3 fY DPPH A LR
RALEIR IS5 5 e KS B 44.26% 1 0.74, P-120,
SGP-1. SGP-2 F1 SGP-3 [ B R 1 JC i 25 5
(P>0.05), SGP-1. SGP-2 #ll SGP-3 f) DPPH [ i3k
W R W3 T P-120(P<0.05), Hirr SGP-3 [t P-
120 &) 5.47%. BH4AmPrA et 2k A ¥
BRZAEEY, B AT KS HAT o e A0 A P 5
w7 (E 5), B B A i P EfbiE . 5 P-120
FHLL, R 4Ky (SGP-2 #1 SGP-3) 1Y DPPH 1
KB G W (P>0.05), Uik EA B T2
E BB IPUSEALIE . LIU 2523 & Eiop e
T+ T Bt E RIS, PR TR R R
H FABRAG R IR T 27 2 3L 57 M T A SR AR b &
YyeE Gy e I, AR BE B Oy I 1T Be 2 S 3 )
W BT AIRESA, IATTREARL A TS P .

vz1 DPPH H 375 R

60 JESiY Vil a 1.0
~_~ a ¢ I
S sof LIS -
il 40 H S a 7 7 ’ 108
& 4017 8 N N R
= 10.6 &
140
E ol 0.4 1
A )
E ol . 10.2
b
A= 0

0 P-120 SGP-1 SGP-2 SGP-3  KS

K6 BTN B AR U A AR P B
Fig.6 Effect of ultrafine grinding on the antioxidant properties
of Pueraria thomsonii whole powder
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Fig.7 Effect of ultrafine grinding on pasting (A) and thermal
(B) characteristics of Pueraria thomsonii whole powder
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KS>P-120>SGP-1~SGP-2=SGP-3, H:r' SGP-3 (1%
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BEAT KS B 04 {HE B[R] 70 A 0 VR R B S5 IG5 &
(P<0.05). VLBHESRFEEST KS BEYfb. ZiE
K BB IR PR REAR T B B I B el 2B (. P-
120 ZEEEAIR T KS 3228 i PRIAE T I da AE e M 4 43 BE.
5 T TEA UL K | RN AR i, BEAIR T TEM 5T
] Ay 2M R B AT 2SS B T s HLYR e i iz
PRt A A BT S DERY L TIORAT L, I [
Zh R REPA, BB R B9 SGP-1. SGP-2 Fll SGP-
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Table 4 Pasting and thermal parameters of Pueraria thomsonii whole powder

FE VE(HZNE (mPass)  AEFE (mPa's)  Fiff{E(mPa-s)  RZAFE (mPas)  BIA{H(mPas)  WEfEHET (min)  E&BIRE(C)
P-120 1222.33+26.84° 989.00+22.87° 233.33+4.04° 1346.67+36.67° 357.67+13.80° 5.47+0.07* 87.00+0.91%
SGP-1 1033.67+23.18° 810.67+12.10° 223.00+£11.27% 1094.67+14.47¢ 284.00+3.00° 5.49+0.03" 88.05+0.44%
SGP-2 1010.33+14.36° 801.33£9.07° 209.00£6.56° 1082.33+15.82°¢ 281.00+8.89° 5.53+0.00" 88.88:0.92°
SGP-3 997.00+9.17¢ 777.67+8.08° 219.33+6.11% 1058.67+7.51° 281.00+7.81° 5.45+0.04° 88.02+0.49%
KS 3240.00+£12.53" 1986.00+2.65° 1254.00+10.54° 3156.00+4.58° 1170.00£6.56 5.07+0.00° 85.60:£0.00°
FE T,(°C) Tp, (°C) Tp,(C) T, (°C) AT(C) AH(J/g)
P-120 70.90+0.21° 74.74+0.73° 87.06+0.21° 93.15+0.15 22.26+0.36" 7.09+0.39*
SGP-1 69.77+0.41% 74.66+0.44° 86.37+0.90° 93.59+0.69" 23.82+0.31° 6.84+0.78%
SGP-2 70.23+0.21% 75.03+0.09° 87.01+0.39" 93.18+0.17* 22.95+0.05" 6.08+0.28"
SGP-3 70.00+£0.04% 75.03+0.21° 85.97+0.13¢ 93.01+0.53* 23.01+0.51° 6.49+0.39®
KS 68.99+1.84° 76.23+0.10° / 82.37+0.49" 13.38+2.30° 5.29+0.53°

T /" FoR TR
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Fig.8 Effect of ultrafine grinding on the molecular and crystal
structure of Pueraria thomsonii whole powder
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