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Analysis of Physicochemical Properties and in Vitro Digestibility of Acorn
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Abstract: The physicochemical indices and in vitro digestibility characteristics of acorn starch were systematically compared after
exposure to dry heat, pre-gelatinization, and heat-moisture treatments. The results showed that acorn starch has a smooth surface, with mainly an
elliptic, spherical, and irregular shape, with a particle size distribution ranging from 0.42 to 26.30 pm and a gelatinization temperature of
76.75 "C. Dry heat treatment caused the migration and removal of water molecules, which did not obviously involve starch gelatinization and
retrogradation, and had no significant effect on the physical and chemical indexes such as particle shape, particle size, gelatinization temperature,
and A-type crystalline structure of acorn starch. Pre-gelatinization and heat-moisture treatments changed the particle structure and crystallization
type of raw starch, and increased the size of starch particles, with a particle size distribution range of 1.26~416.87 um; starch particles became
irregular in shape with a rough surface when the gelatinization temperature was reduced to 50.17 °C, and AH, T,, T,,, T., and freeze-thaw stability
were decreased significantly (P<0.05). The in vitro digestion rates of acorn starch were in the order of dry heat treatment > control treatment >
heat-moisture treatment > pre-gelatinization treatment. On the contrary, the content of resistant starch was the highest in the pre-gelatinization
treatment (38.21%) and the lowest in dry heat treatment (16.15%). This study provides a reference for the deep processing of acorn starch, which
can guide the development of high-quality acorn starch products.
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Table 1 The proximate composition of acorn starch (dry matter, %)

b LN B Eah iS5 BIERH  HAERY 7
T4 87.70£0.73°  0.18+0.05°  0.65+0.04° 1.47+0.08° 11.58+0.75 21.82+0.53° 1.32+0.02°
KT 92.05+1.51°  0.17+0.01° 031+0.02° 144+0.03° 6.32+0.12°  26.1640.26* 0.12+0.01°
F 32 91.94£147°  0.14£0.01° 021£0.04%  1.39+0.08°  6.53£047° 24.41£0.74° 0.12+0.01°
FAHMLALIZ  91.03£0.98  0.18+0.02° 0.28+0.06* 143+0.09°  6.71+0.18°  25.70+0.58" 0.08+0.01°
AT 90.9442.11°  0.1540.05* 0.20+0.01¢  1.48+0.04°  6.64+022°  23.74+0.69° 0.13+0.01°

i BIRRNBEERELNAEESZHER (P<0.05),
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RITHRE, 7AW SHA, 2R, K2R
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AT IER R TR AR . hoh, TIRIEAR SR e
R RURL LT AL BRI TE AR, X FT RE2 R A
WA, S/KEME, EHBRIESHAE R,

AN [FFAAL B 25 A AT RLAR A 2 e DA S
Dyl 2. % 2 Fos, xR RaLEH,
BAIER IRAR AT EA 0.42~26.30 um, Dy
11.41 pm, FHAAEE T IR IPRAT /A0 A B 2
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Fig.1 Acorn starch scanning electron microscope
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Fig.2 Acorn starch particle size distribution map
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Table 2 Mean Volume particle size of acorn starch from

different heat treatments (um)

ME  BTiRe TARAE Teea®  ERAE

Dpgz/um 11.41£0.09° 11.09£0.11¢ 132.00£0.05" 100.42:£0.04°

23 X-A&ATH

HHPE 3 AT, FRAEER A AR TFUERM I X-512k
RIS EVERARL: £E 26=15.7°, 17.7°, 18.2°, 23.6°
SO AR AT SR 0, i B AL B EANRE U S i
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TIEM BT I A RS IALEHY, X5 David 2501
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Fig.3 X-ray diffraction patterns of acorn starch
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Table 3 Crystallinity of acorn starch from different heat

(=]
w
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A T THRAE b E SR
AR 45 & B /% 46.72+0.23° 48 4440.23% 3.45+0.12¢ 5.67+0.20°

2.4 T ANKIE AT

M 4 DA, ASRFRCES RS PR
ARSI, AR RIS B — R R 1
%, SRR IILAMNEE ML 3401~3 420 cm™
(1) 58 5 P iy R AR FUE M PR R A /e A B O-H #81Y
PRANFARS RN 2 931 em™ XEHIEEZH T C-H
BRI EIRED: 76 1 648 om™ XIBMEEH Id 2 i T
WK 71 O-H BERRSN; 7E 1 420, 1 371 M
1 343 cm™” WIEERIIES C-H BN HAGR; 575~




MK EmBHL

Modern Food Science and Technology

2023, Vol.39, No.11
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Fig.4 The FT-IR measurement of acorn starch
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SEUESTCIERI . T HAACER IR E R (Rl AR
AR AR AR SR S FIe M L e B3
Pz (P>0.05). FIfHE-STEm IR E A S,
SRR ARE B e b AR e e M, 45 R i

IAEBE R AR AR A, IR IR R e s, X
FETRIACAR R, TAE B ST I AR 2 P
Zo MR HIEH 7 E IR I RE P B s R
SEM, A EBIGORENE S ZN, FER BT
WERRITER A ZEAL, HOCGETTILALEE, T-Hvb
Rty B, TRICEDE T et
RESUIAANK,  TOMIGAL R, SRR e L
PERERZIECR . Molavi 2 FFC RN, KIS A%
TUEBCRE RO s TR i N 2eks, TR fr e
TT R INZEGER, TSRS RE R

2.6 PRI T IR A F RN

WIS IR R TERIL IS R T BB Ui 45+ e
mIRERE, 5T WEAREEA R, WGRETERER
ANER 73T NI G AR B 20, G5 SRR SR
NG EREFTBOR, RS KB . AFRIREE RIS
TUER T RN R S FR. WRPATLEH,
TP IR RIS R 4.07 g, WILIRERN 74.97 C,
5 RVA WSS B . TIOMMLALEE . Jp st B
AR T IR IR AR R AR W R AR, BRBIG TR
VB SN, TSI BEEIR, AH N 4.07 /g B2
k3 1.30~1.40 J/g, T,v Tpn T.M 70.10~81.07 C .3
PEAKE) 43.67~66.83 C, THUCIITCHRAAL, H]
TORIMAC PR, AR L K S R AR
RO AR YTt AL 27 N NG LI i
WFFU R B il T A B T SR 707 IR AH ELAE
T35 RFTERYRURLSS & DX R A FrHED ] S SR e 45 1
PEAE T RE TR, HE TG AR e AR TR AT (B AT PR

* 4 FRFAIES RIMGF MR RIS

Table 4 Effect of different heat treatments on the gelatinization characteristics of acorn starch

H&  BMGRESC AR F/min : A Bars) :
EAEREE O RRRME ARSSRE =) A E RELAEEL

MFiRe  7675£045°  7.1320.07° 2.87+0.06° 0.72+0.08 2.16+0.04° 1.02+0.02®  3.18+0.05°
F#AIE 76174024  7.00£0.13°  3.03+0.04° 0.80£0.02° 223+0.03° 1.06£0.02° 3.29+0.02°
eI 50.17£0.03°  10.71+£0.50°  4.54+0.11°  0.1740.07° 4.37+0.05° 0.88+0.15°  5.25+0.12°
R AL / 12.98£0.04*  0.19+0.01¢  0.00£0.00° 0.19£0.01°  0.10+0.00°  0.29+0.01°

ErREAA Y.

® 5 FREFAIESRIMGF R RN FHFERIRT

Table S Effect of different heat treatments on the thermodynamic properties of acorn starch

s AH/(J/g) T,)°C T,)°C T.JC T.-T,)C
BT 4.07+0.29° 70.10+0.10° 74.97+0.75° 81.07+1.85° 10.97+1.75°
Tk 22 3.65+0.34° 70.77£0.21° 76.33£0.42° 84.00+0.60° 13.23£0.47"
Fmeat 22 1.40+0.62° 45.93+3.12° 54.57+0.47 63.50+0.95¢ 17.57+3.96®
AL 1.3040.04 46.030.42° 55.90+0.36° 66.23+1.46° 20.20£1.15°

& T-T, AWAR T,
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