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Abstract

This paper explored physicochemical properties of acorn starch, and its antioxidant activity in vi-
tro. The swelling capacity, the hydrolysis capacity, content of amylose and amylopectin, characte-
ristic functional groups, thermodynamic properties, crystal structure, micromorphology and tan-
nins compositions of acorn starch were analyzed. Its reducing power and its scavenging activity on

superoxide anion (O} ), hydroxy radicals (-OH), and 1,1-diphenyl-2-picrylhydrazyl radical (DPPH)

were evaluated. The results showed that the swelling capacity of acorn starch was (68.00 + 13.35)
g/g, and the glucose conversion rate was (0.23 * 0.025) g/g. The mass percent of amylose and
amylopectin were 19% and 81%, respectively. Characteristic functional groups of the infrared
spectra of acorn starch were similar to those of potato and glutinous rice starch. Onset temperature
of phase transition was at 101.19°C, and the peak temperature was at 103.32°C. Acorn starch crystal
structure exhibited A-type. Microscopic morphology showed spherical. The content of tannins in
starch was (1.60 * 0.11) g/100g, and the main components were ellagic acid (1.54 g/100g) and a
small amount of quercetin (0.064 g/100g). The acorn starch reducing power on ferricyanide, and its

scavenging effects on O;, -OH, and DPPH- were significant. Acorn starch is one Kkind of the general
starch, and its tannins is mainly made up of ellagic acid and its antioxidant activitives are good.
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1. 5|

WK AP AATSRECRE S 1) = ZRVE, Jek& s &0 0 7R e M2 &k &%. A0
CESERRN IS EROKEYI(FZE I IRNE, A0S, FEWE S BORE B0 T fe 2 S BUILRAE 1] [2] [3] O
EPIRLL] [4] BEIRIE[L] [5] [6] [715F. AHXS T BLREANRURE, Sk &5 MBH s N BIG, sRae s hlpfE 5],
BT AR T i SR SRR I R A [2]. Rk, PRSP IIBEME TN % 2 050, FFRlE KRR
RETEVEND, 1ZUERy R B AR e IR R, Re T BB o

B e — P EZE AR IR, ERRSE T E SUEM (2 58%) [8]. HT . FEAMIARNIEE. o
M- BYEYR, 1R 5% AENEE9]. BTk EA /T ER, £—SEFAX A &A% T
Mfes. Hur, REGSLXEREERETRSE TS, eMsigram. $Fme,. &, 81
. MrEEANE A IS A H A Jomon B N & LIS T N E, B8 203N 2 \RBUEN
g 77 R0 R O ) SRR, TR TE 7 i PR AR S A A A = R M AR G b X s 5 BN A 7l —
4N “dotorimuk” BIHRVR, TR FIERHRMAE “dotori” HITHIZ5[10].

EH T TRRER, LETRA —EEEE[11] [12], %m T HaHMME. FEE 78 KBRS
TN SHFELEERERELEFEN, SATEM. TERCHSE MR, EEERER
THRPER S 8] [13]. JEM MARLE KM I[10]. #I2ER 48] [10] [14], MISHWF R 45 R fEE—
E G o TR I AR R PR A O A B 7 AL S A B M SR AN E R T2 o AR SCIB I A FURR T T R R AR B
PR B Ferp s BRSO, DU E AR I 7 B N L R R SR (B S Atk

DOI: 10.12677/hjfns.2019.83025 196 T 5 E IR


https://doi.org/10.12677/hjfns.2019.83025
http://creativecommons.org/licenses/by/4.0/

MR 5

2. 5 HZE
2.1. RS

BT, KAZRE LK, BART, EEBE, BIRERB GBS .

1,1- K- 2-7 Bk H HH2E(DPPH, CigHpNsOg), FE[E Sigma Al B RKYiidniEit: WE TR,
JFILRR. REETILHRER. ILEER. RIEHER By SRR, 4B KFER. RILKER. IHER. 2L
REKETIREG. /51 &2t Bem. Wi, g, Wkx, 4iE >98%, WHEEEZRx
HEV L, RIS [ = 43 Hr 4

22. UFE5RE

722 BURT WA, R AR AR A EL AR e 27 4614 (Fourier Transform Infrared
Spectrometer, FTIR), fEEAMEwAR; Mot 28, £E TA AF; MR X FEATH HEEMRE WA
H]; Motic BA 200 X H AW B s, bl MIREERHE A RA ] SRS, 92 E Waters A .

23. Bk

231 BFERHEREERBLEFESHT

BT IR I & S5 TSI 7.

1) BFEREIKEE . SRR KRB S 'NE

5y S SCHR[16] SCHR[16] [17] SCHR[L8]/ 7.

2) BT IERIHEE At AE B AR AL SO0 IE St

FREXZ) 0.1 g B2 TRy, MM 10~20 g T8 KBr, K& RA1, FWFERTIEE, SRJ5 2451/ B
TRA AR ANBLE A, B i B3 B R AT (8 B AR e 2D AR ik A, LS R ek A
P ST aP

3) B e ERBHER(DSC)AHr

B il B S % 5+ 10+ 15 9/100g AR TIE ¥ FLi, DSC /b &N FLHAE T3 # Sl = IR %% A1
TEZ 1h, WAV 30°C~120°C, hn#AGE A 10°C/min, ZSIE Y 40 mL/min.

4) RRF IR IRL AR X-FRATHHL(XRD) M &

P HT Al Cu B, M X 622 KW), 610 TGRS g i s R 5 45 3k ik W 2 fr)
LynxEye FEFIERMIZS o

232 BFEMERBRUNEREATEENE

1) B FIERTER ML

PC BT 2 E 2 HON 1% MR T UERE L 33 T SN D VRRE, T 2 T, 3ET RS B
2) BTFERETERNR
KA A BRIk 4y Y66 FE L ik« TooK SBERC IR BE 43 1) 0.0+ 0.02. 0.04. 0.06. 0.08. 0.10. 0.12.
0.14 mg/mL {5 BRERUE IS, B4 FIEL 1 mg/mL [ B BR AR R 04 0.2, 0.4, 0.6, 0.8. 1.0. 1.2,
1.4 mL, KKIMAFIRES 5. 4.8, 4.6, 4.4, 42, 4.0, 3.8. 3.6 mL pH N 7.5 MR A —4H-F A ALANLE h
W 10 mL BB, B A BRI 5 mL, 7E 680 nm AbIIE R AE, FELPERIA T, KRG
[H] )4 772 y = 4.803x — 0.0061, R?=0.9987.

FEa e BL1:10 (o/mL) R L, FTE/K ZBHR &5 Uk 12 h, 400x g &0 15 min, it Bz
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TR OIS Tk T R fh B MR IR SObRHE il 2R ) A E R E FE R IBOLE, AN T B R TIE 8 5.
TR
_ Cx10 o
0.01x1000

A Y, BB TRET 2, %; C, FRRBREIRE, mg/mL.

2.33. BFIEMINE W TEMERNE

1) BFIEM R REACSE IR 58 77 1l 2

K& L, 2% Amarowicz Z5[19]F1 Kaur Z6[20]/97772% . LA 1:10 (g/MI)FTENE LG, H 70% (viv)
I3 B % B R o 1,00, 0.75. 0.50. 0.25. 0.10 mg/mL HIFER, #HL 1 mL, 20BN 2.5 mL Bk 22
M (pH 6.6, 0.2 M), 1 mL 1% (Jii & 1 77 %) KsFe(CN)g ¥, T 50°C/K¥ AL 20 min, VKA ZEL, A
2.5 mL 10% (i & [ 70 8) = S CBRIEW, 1E 400x g &0 10 min, HCEEW 2.5 mL, 0 2.5 mL Z&1H#
JKAT0.5 mL &7 H0H 0.1%FAERIE, #8250, FE0] WA 6 BETE 710 nm Ab e OGE A FF A IE R
Re MR, NSRRI RERER . 3% R S L R e

v B=(AZA) o )
A

100 1)

X Y, BIREETT, % A, FERTROGIE: Aoy XTHEIBOGME: Ay EAMOLIE.

2) BT O, IERRER /1 Kl 2

K PMS-NADH 14 £ 5 8 1-Je M B 2B B T I Bk A8 71, 2% Guorong S5[21]1771%, 1EE4y
B350 L AN [F) 5 Bk B B REBOM N2 1 mL 0.1 mol/L B R 2R 4% i (Ph = 7.4) b, FEAR BN 150 pmol/L
) NBT. 60 pumol/L i PMS £l 468 pumol/L ) NADH. & T 25°C%f+F 8 min, & HAEWK 560 nm At
RO

A
Y =[1-"2 |x100 3
= ©

XA Y, FEROGEBEE FIERAE S, %; A, FRRTOGME: Ao STHRIEOGME.

3) BTFIEMT-OH BB AL A1 KM =2

KK IRIE[22], I E G T Ve X -OH TR AE 1. 76 10 mL 3R HF i 2 mL AR RVR A RE S, 2 mL
6 mmol/L FeSO, ¥, 2 mL 6 mmol/L /K#ER- 2B W, 2 mL 6 mmol/L H,0, ¥, #/miRA1ET 37C
Kt 30 min, T 562 nm AbIIEWSEE A, DUINZEEAK RS FXF IR, 4% R S F0-OH g kR

Y :wxmo (4)
A

s Y, FEBEERE, % AL FERBOBE: Ae ZEMAKMRBRER XTI Ay BLZEMRAR
BRSO HL0, 17 A1

4) BTIEMXT DPPH-IE R RE F7 I 2

%2 Dudonné Z5[23]F1 Negi Z£[24]/ /7% . HX 1 mg DPPH ¥ T4 20 mL J/K ZEE 1, HU DPPH ¥k
2mL, [FFEARHIRE, MBI A AR LR, SR AR R KR, S EIRREE
5NINFERE; U DPPH ¥R 2 mL N BN (B EH) 1, IMA/KZEE 1 mL, smariRa, WEH A
E(519 nm); HU DPPH ¥ 2 mL A ZI/NGRE A, IR S x ul, FEA1(1000 — X) uL Jo7K 0% 28 SRR
J93mL, FE 30 min 5 IEH A {E(519 nm), ARKKMERES ARG AE, % N0 X DPPH-
RiEEREE T
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A—-A
Y = x100 5
! ®)

A Y, DPPHIERRE, %; Ay, NHROGE: A, BRSO,

2.34. BFEMETEMR HPLC 47

YT S Waters 2478 B8 AN 38 AR ZE T Rl 4%, %K 280 nm, 1%+ Agilent5 TC-C18 (250
mm x 4.6 mm x 5 um), FEiE 30 SCHEFEAAR 20 uL, HBIAH B A 0.1% (viv) /KB, shH D N H
iz

FREEGEL: #2405 mL/min, 0~7 min (95% B %, 5% D #{); 7~9 min (70% B %, 30% D i); 9~14
min (50% B ¥, 50% D ¥&): 14~22 min (10% B i, 90% D ¥%&): 22~25 min (95% B ¥, 5% D ). & kE
A HEFERTF 0.45 pum (ORI IE . HPLC 247 B 15 28 45 DAL ARHE Shdk 47 LU A A

PRAERIZEHI1E: 16 T 22 Fybm o 5 2 G AU SR 1.2 mg/mL RSV, 4% 1:1. 12, L4 ks
JG 43 AERE 20 pL, DA ARG IR B 23 IR S FobrdE St bR e d 22, SKRIENE T AR o 8T 2 By ali bR i
W EA RS, BERERIN, FEDE R SRR S & .

2.4. BiEALTE

BRI AT EE 5 W, WREEE R SPSS16.0 #1777 % 41 (One-Way ANOVA), Turkey’s
s 5% /K PHEAT 2 BILEL, S9RULFIME £ brrfkde (X +SD) &ors

3. B{RE S
3.1. TR B H ML AEERE NHNESR

1 45 BB, ¥ T Ve A K B8 71 5(68.00 + 13.35) g/100g, FE1T B4 B 3k VA K BE 71(64.04 + 7.40)
0/100g, &K TH K IEk I RK AE 77(121.68 + 5.81) g/100g (P < 0.05), iX 5 Correia Z[25] 41 Irinislimane
L2615 TUE R TR IR ) BT e 2 AR — B 1] 2 45 SR AL AR T R B A BE R 10 % 08 (0.23 £ 0.025) glg,
BT B e (0.011 £ 0.00084) g/g FkE K JE#7(0.049 + 0.0060) g/g (P < 0.05), &5 RI&Rmg T ek vl
RETE 55 T o-TE KRB /K M. ELBEVE N R SCREVERY & S e 5 SRR W, MU kn vh B RE e b FH SR VE A
U BN 19%F0 81%, 5 SCHR[ L1614 IE 1 4% S e K BLRE T AN SCRE e R 7 i 1 45 AR .

140 - b

120 _I_

Ik (g
swelling capacity
o o =
(=) (=} (=}
o

S
o

[
(=)

Bty ChE TN AR

W EHRARRNG PR R ZE R EEP <0.05), FEIFE.

Figure 1. Comparison on swelling capacity of starch from acorn, potato and glutinous rice

E 1l BTRMSDREREY. BAREMBKENL
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Figure 2. Comparison on glucose conversion rate of starch from acorn, potato and glutinous rice
B 2. B FEMEDRERN. BAREHEERERLELR

3.2. BFEMFIEE A H EH TR NIE R TER

TR B 48 B AR 4T A0 6 8 AT 45 SRR, LA 3420~3320 cmt -OH A 454 B MR I
2958~2912 cm™ C-H 4RI T, 2100~2000 cm™ C-H T 48 LIRS WIS TY . 1656~1593 cm ™ -OH
RO, 1421~1311 cm™ C-H & fh4Rh R SCHs R, 1149 cm™ 3 | C-O e shmlics ,
1049~1004 cm ™ -OH 28 M IR SR H? , 904~846 cm ™ P HF 48R 5 I i, 570~500 cm™ CCC Al CCO 25 JE
PRBNWLC T, o5 T B4 2 R RO K T o () BRI 6 21 A s il 0 VR AU S A AH AL (14 3)

A

T T e B e B I S E o o B e e e S B S E e |
300 600 900 1200 1500 1800 2100 2400 2700 3000 3300 3600 3900 4200

FH (em)
Wave number
e ARKEKIEN, BRSBREIEN, CRETIEN.
Figure 3. FTIR analysis of acorn starch main groups

Bl 3. BT EREAEENTRAINGEST
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3.3. BFEMBRAFNRESEDHT

R T EN PAEFE AR AR RS IR TR FE A0 7E 101.19°C A A, AHAR IR i IG5 2 20 7F 103.32°C /2 A (1 4), 45547
G T VERAE AR IR B A AR AT, ST B RN BN o JE R UKL X S 2R AT 5 R = 2 B 3 FPANE
rmR G RTY, B AL B AT C B, A3 X 3 FhbraE S X SR AT 5 B AEE — X, A TR
5N A B 5), 1X5 Stevenson Z5£[10181 Yoo 5 [27] 10 7o 45 R — 3.

(o]

101.19°C
66.59J/g

HIR/(W/g)
Heat flow

103.32°C
-4 T T T T T
o 20 40 60 80 100 120
RBE(C)
Temperature
Figure 4. Heating DSC curve of acorn starch
B 4. BFREBHRNF 54 DSC #hzk

1250 o
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Figure 5. X-ray diffraction pattern of cystal structure of starch granules
B 5. BFiEM AL ALZE XRD 5347

34. BFRMBETESEMNEERMATAL R ENUE
R UE R BT B T 70 $08(1.30 £ 0.20)%, K THE 787(7.30 £ 0.18)% (P < 0.05), 455RFEHI/K Ik

DOI: 10.12677/hjfns.2019.83025 201 5 E R


https://doi.org/10.12677/hjfns.2019.83025

Mm%
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Figure 6. Comparison on tannins mass percentage of acron powder and acorn starch

E 6. BFHMMG T RN ATRER SRR

35. BT EMInELE Y

BRI R R VRN R SR TR R E AR, PTG B B R BRI 45 B i

HIEANRGRE 17> T TR 23

R, WHGURRE R i 7@, BTk

TR RE F1 ST R AT 7B O R M A (R = 0.9966), Hixt O 137 b R SR bt 5 1By o B 94 J38 (00 8 v T 484
Sk, EEKRE 0~1.00 mg/mL FE P I KT 2R M55 R (R? = 0.9543), 1Cs0 A 0.50 mg/mL, 15T
FY I E A 1.00 mg/mL I, 35 EREIE 79.07% (18] 7(b))s [RIREHOT-OH B3 Ik R0 SRt il 255 S Ty o 2k S 1y
SRR SR, 75 SV S 0~1.00 mg/mL PN X R R I RLIF LR G PE(R? = 0.9261), 1Cs 9
0.37 mg/mL, {EMNR AR E B KK E 1.00 mg/mL B, JEBRZIX 97.05% (/4] 7(c)), X5 Sanchez-Burgos
281 T4 3 BT UEN B T AR B R P A 0~1.00 mg/mL (1936 [l P %4 DPPH- (135 b 25 Rt 2 81
— ERERE IR AN 3¢ A (R? = 0.7228) (4] 7(d)), Uddin 25[29] A4 FH LR E

100 1

90 1

80 1

70 A

&R EET1(%)

30 A

20 A

10 1

0

60 A
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40 A1

oo -
y=127x+4037 e
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Figure 7. Antioxidant activities of tannins from acorn starch
E 7. sFEmaTinanEt
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3.6. BFEMETRYRBEM ST

R FUER BT AR HPLC AT B E 2 1 /N RIERT 1 AN/NE(1] 8), 5 F g b i £ B I 1] Ll X &5
RBURG FIeky s R EONEAERR (1.54 9/100g), LA K/ il 57 25(0.064 g/100g), A5 TV Ky B 7 Fh s
TR (K 8 H ) K i o &5 AR IR T R SR EUFAE IR 1 R 4 B

350
300 ]

250 ]

200 1|2 = = T <
1l 700 50 100 150 200 250 300 330 400 450 300 55

WL (mAU)
Absorption intensity

150
100
50
0 l .
N \
-30 ]
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PREARS ] (min)
Retention time

Figure 8. HPLC analysis on compositions of tannins from acorn

8. R FIEME TR HPLC 54
4. ¥1ig

FE B 25 R B PUAEA[30] [31]. PURE[32] [33]. #ME[34]. HUREE[35]. TRBHKERIK[36]. i
O ME IR [37]55 2 M A PTENE . AR SCHT 45 SRR I T Ieky B R IIPTEAIER, BRAEIR N 1% 2 H
PUAMIETER G A 7 . AT ER Y R T RGN R L, em AR R 7). bug 554 2
YERI[38] [39] [40], Bravo S&[411AfF 78 A B T {E TS AVE T AT B, WO MBI . i B 5.
T HeEtE . B M R G AR T T A FHEAER . Custodio SE[42] AT 7T K BIEE
B ] DLZR AR B IR 0 BR R A 23R AT MR DA KR BRI AE S B REAR - SAnchez-Burgos 552818 7t
4 R B PURR %2 T+ (Quercus resinosa, Quercus laeta, Quercus grisea, and Quercus obtusata) ) 7K 2 B 445 %f
DPPH-FI-OH IR R s, b Q.laeta F1 Q.grisea $ZEXIIK DPPH- SR BURE L, 1M Q.grisea Al Q.
obtusata 7K FEE AT LAEE 4 B7 11-OH 7748, 1IX 5 A SO Tk U A AL /E i 9 45 2R — 2 Nourafcan [43]
S8R IRG T P ERUAD T 8 A IS 1A 240 7 (< € 9 4 3K A1 RS 5 2 AT 1) AR 79 A I 1 400 7 (it 8 o 78 411 R AT
AR AT ) BoAT RAFHIPT RS L, Vinha SE[11H VR T 57 7] DUE S RRPUR A, X R HAEIR L
Bz —. HAE, Korus 55 [441EHRERE T IE R fe G ot 2 i) 7L BEVS B3 I i i

IR AR TIRTR, AR BT PRI, — B R AR 5T SR R B I £ % - Ghahfarrokhi
SE[AS)EIEAN [F] (9 AL BEALHE B K, K TE, BREEAN NaCl i i AL HE &5 7 v 2 BRig T I s = 28 b B9,
ARSI T 25 SR 2 B 7K 2 I BR AR Ve M A5 1 BT SR o ) — b 10 A R v
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TRETUEREABARE, IRt T T SR B AL R TR T RE . SRR T IEm B
PR SEARFE, AR R, B RIFIPUEI IR, AW TG 7 iekn IR BT R A
feft 7 iR

E&WE

B P45 2 A0 &+ R H (2016NY-212, 2017NY-060, 2018ZDXM-NY-094); 1% % ik %1 35 B

(20193038YF026NS026) .
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