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Abstract: The structural characteristics of wheat oligopeptides were elucidated using scanning electron microscopy imaging as well as analyses of
their basic physicochemical composition, relative molecular weight distribution, amino acid composition, and ultraviolet and circular dichroism spectra.
The in vitro antioxidative activity of the oligopeptides was investigated by determining their oxygen radical absorbance capacity (ORAC) and their
abilities to scavenge hydroxyl, DPPH, and ABTS free radicals. The wheat oligopeptides were in the form of spherical granules and had irregular folds and
pores on the surface. Their protein and peptide contents were 95.86% and 83.74% (both on a dry basis), respectively, and 92.22% of the components had a
molecular weight of less than 1000 u. Their contents of essential amino acids and hydrophobic amino acids were 20.46% and 33.38%, respectively. The
maximum absorption peak was at 270 nm. The a-helix, parallel -fold, antiparallel S-fold, f-turn, and random coil contents of the oligopeptides were
5.83%, 3.14%, 37.57%, 20.32%, and 33.14%, respectively, indicating the coexistence of multiple secondary structures. The ICsy values of wheat
oligopeptides for hydroxyl and DPPH free radicals were 9.6 and 1.5 mg/mL, respectively. Moreover, their ABTS free radical-scavenging activity was
3.53 mmol Trolox/g and their ORAC was 1035.52 umol Trolox/g. In summary, these findings indicating the strong antioxidative capacity of wheat
oligopeptides provide a theoretical basis for their use in the development of antioxidant-containing foods.
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3h. BHELEFR)G, FHEZE 95°C, K 10 min, FFIH
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BERE RS K 1.0 mg/mL VAW, FIFHIE o
TSI i (T — il T 2T LA 0.2 nm
20 KA 2.0 nm 4 58 SRR S . DR REVE LN
190~250 nm, F3HEEE AN 200 nm/min. WA
LRI IS, A Jasco BN E )5
Hr R BCK A B BN BRI R () B,
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200 pL RHEFE 510 nm LI E R EM,

FEIE T R /% = (12 )

)%x100%

1.2.8.2 DPPH H & B 5E
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MESEE Axs ¥ 100 pL AR FIRE A TRS 100
uL K ZEERG, WAROGHE Ag: LAZETR/KAAEFE
m e R, 5 100 uL 0.1 mmol/L DPPH-TG/K 2,
BETE R A, MR A

DPPHH H3EIERRE / % = (-

1.2.83 ABTS H HAEFFRRN 2

¥ 100 pL ABTS VAR AT 100 pL A ALFIERR S,
BCE R ABTS TAFERK, ®ECFER, UM ABTS
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Fig.4 Scanning electron microscope of wheat oligopeptides
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Table 1 Basic physicochemical composition of wheat

22

oligopeptides

R REAOR Ko T
AF/% 9586+2.77 3.38+0.25 1.59+0.04

INFAR TR B RS A 95.86%, 7K Al

ROy EBARMK, 23909 3.38%A1 1.59% (£ 1) . BVA
HHRSEN 86.17%, i EHTN 89.88%, KM
AR N FERER S B . IR R &
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Fig.5 Gel filter chromatogram of molecular weight distribution
of wheat oligopeptides

AN IR BRI S WL 5. {8 GPC 3 fkab 3
IR, Wk 2 Pon, DNEIREKRB RS FERAR
b, BN FIRREY), 37 BiE/NT 1000 u
ANERFT O ERR 92.22%, B TREN 439.70 u.
H, 2 FRELE 150~1000 u /MR Y 72.15%, 1
1000~2000, 2000~3000, 3000~5000, >5000 u {2 fik
SRR 5.94%. 1.28%. 0.46%. 0.10%. B/
FMRAFEL RS9 1000 w BLR /K. BFFLEREA, K
MPTENIE S 2 TR RN R, IETHEERIIPTE
K7 RS RN, AEEIRR AL B H —RAE 20
ANCAAMT Rk, ANERRMOE — R R T PR
(EREZY )T

R 2 NERBINODFRES
Table 2 Molecular weight distribution of wheat oligopeptides

SFRELEMNM >10000  5000~10000 3000~5000 2000~3000 1000~2000 150~1000 <150
Fr44 B 8] /min 8.95 13.63 15.04 16.08 16.90 18.31 22.17
%5 B 18] /min 13.63 15.04 16.08 16.90 18.31 22.17 32.37

EEARE 2% 0.00 0.10 0.46 1.28 5.94 72.75 19.47

24 NZARRIRE BHEB AWK

B2 3 IA, DR R ER. HERR S =
IR7E, EEEN 49.50 ¢/100 g. 1 BE R & BARMK,
N 0.4620.06 /100 go /NEIREKTE&HFEE L

TEIEMR, SEN2092 ¢/100 g, HNEH, BHEK
RIS FRNE. A CEE, 2R REREAPER
REJT, REMUT MG H B, WRER . e &R
HER. HER. WER. HER. HER. d20R%.
EEIR. BAR. FHERSEP, NERERE S
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PUAMMEREIR, HAPHER. RER. SaR S E
Bmo BeAh, NIRRT R R IR & O 32.23
/100 g. (&R i & R I BUK A A RRAE I 1 IS
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Table 3 Amino acid composition of wheat oligopeptides

RABRE AR 4AF/(g/100 g)
52 (Glu) 37.93+2.56
FHEFR (Pro) 11.57+0.95
FHRB (Leu) 5.68+0.28

FAEABL (Phe) 4.8740.29
2 5B (Ser) 4.32+0.41
HEBR (Val) 3.29+0.19
BERER (Tyr) 2.83+0.10

RAZER (Asp) 2.7240.18
H&E (Gly) 2.7140.26
FRE (Arg) 2.66£0.15
FEFR (Ala) 2.64+0.23

FREE (Ile) 2.50+0.08
72 (Thr) 1.81+0.09
A 8FR (His) 1.69+0.11

FEEL (Cys) 1.23+0.06

FEHAFL (Met) 1.2240.13
BAFL (Lys) 1.09+0.09
EE28 (Trp) 0.4620.06

2.5 NEARRIKE £ EE

FABCHI BT R FE 2.0 mg/mL HI/N AR IR EAT
LHMNERESTHE, K 245~320 nm. 25 R0 6 Fr

e MEHEH, /INHREKTE 270 nm BT 50X
BB, WAL N 2.0687. HRFE I IH AR
K— M 200 nm A7, RS EAE 270 nm,
WG 3 2 Je PR SR P I o H - S A AT R 190
TR AE por FEHUAE T - BRI 7 AR A e A
AR
301
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Fig.6 UV scanning analysis of wheat oligopeptides
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Fig.7 Circular dichroism spectrum of wheat oligopeptides
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Table 4 Secondary structure of wheat oligopeptides

KA ok PARBATER RPAAXATER pAEA TN A
S#/% 583043  3.14x0.12 3757195  20.32+2.10  33.14+2.73

BRI ZE M BN — s s, 53R
LR (25 R AR Lo T B ), R — it il (B 1)
(IR AT R, NSRRI — g 2540 DL 2 Fhy
RIAE, INEMCRIRAE 200 nm 7247 I AN XA B
W, A5 F DR B4 . FIF CDNN #4534
RENKBS RS R, Wk 4 Fon. IEIRE
JEH a-BR0EHN 5.83%, AT p-HT8H 3.14%, K7
1730 p-HEN 37.57%, BN 20.32%, TR
9 33.14%  /INARZEREH p-41 78 S TR Hh 7 B4
%, B HRA BRI SRR oS8R as i & R
b, BRI TR FKPERY . HEm R PR T A2
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27 NEARRIKE AN GLA AR

271 N FEARFIRE K B dARFRE

Wk 8 s, FEFEIKEE 0~20 mg/mL JEH A,
N SRR 358 1) E S 110355 o 26 S B B () B RO
2, TEFURIRE N 20 mg/mL i, JE3RiEF] 90.53%,
YU IRGRIREE A HETERREE S, PSR 1Cs
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{62979 9.62 mg/mL. /N2 HR i SRR, 18
L AL s R R FR R, BERSZ IR 2
BB, T —E MHTE A B T
Ph i B Fe R B AR AR BRI g N, AR e T
2%, 1Cso{H294 0.08 mg/mL. /NZAREKFEEEH
HIZETHRRAE /198 T M IPUA IR, (HAIEN—
MORSRIITIREE TR, 4tk TIREREITEM.
A 5 R VA ok A R R XU B 1 Tl 2 A 7
BN RN, SRR, BEEBHRYRR T =
DPPH H i FRAE g, SALIGE R 8.

a 100r
S 8ot /
%
£ oor i
by _—
= 40} /yA
giig
O 1 1 1 1
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NFEARFEIRIKEE / (mg/mL)
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b L]
£ g0t /
BN 60_
[id
NP
H 40 -/
giig
5 0f
O 1 1 1 1
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PR MR / (mg/mL)

E 8 NEERAK (a) FFMER (b) MEEEBREEFRE
Fig.8 Hydroxyl free radical scavenging effects of wheat
oligopeptides (a) and ascorbic acid (b)

272 ARG DPPH A @A FTREE 7
FHIE 9 W%, FEFTEAE 0~10 mg/mL YEEIK, /)
AT, DPPH H HiFE TR 5 TSR L 2 ] B
FERFR, FEKEN 2 mgmL B, HERFEILZ
60.27%, JREWREEN 10 mg/mL I, EBREN 81.54%,
ICso fHZ99 1.54 mg/mL. XFRHNZACRIKEA K
DPPH H tH3KEE, BRWTAR UL E AU N ) e
PUAIMEERT DPPH H HHEEAIERRAE B 2L H B R
BHER, 1Cs (N 4.13 pgmL. /NEEER DPPH
H BRI R AE )T Re A R /N 22 2 i o R ORI
A E R IMARIY5, 5 DPPH H HZE S NS
HAR AR TE I S o1, AT S R LA
fe 410 AR N RS 5 1 NS
¥x DPPH H HZEMRES ), HEAERRYEEKRA (%

100 mg/kg AR ) /NRILER DPPH B HEERR
BTG (5 20 mg/kg REHER ), SASLG
/NFHAREERE) DPPH H HHIEE MR AR R — 2

a 100
= 0t gt
& _—
e 60r
3
= 40f
=
E 20 -
0 1 1 1 1 1
0 2 4 6 8 10
INFARTIRIR B / (mg/mL)
b 100f
S /i/}
< 80F
& N
o oOr g
3
= 40f
=
E 20 —-
0 1 1 1 1
0.000 0.004 0.008 0.012 0.016
IR MK BE / (mg/mL)

B9 NEERAL (a) FHALRILEE (b) Xt DPPH BERESERRE
Fig.9 DPPH free radical scavenging effects of wheat
oligopeptides (a) and ascorbic acid (b)

273 ARG ABTS A A FTREE A

LSRR, ANZARSR RN AR ) ABTS H
HIETE R 98 3.53. 29.36 mmol Trolox/g, HilLH]
WHIRMER) ABTS [ HIFEF IR AE L0/ N ZARTE R
1) 8.32 fif. NEARIEIAI) ABTS H HHESERRIEH W e
T/ NEERAMME, A, ZEERRAH A7)
TSNS R A, P A TN R IR SR RS
k. b, FECEERIEER (Tyr) SHMHE
5, Rt T, R BAEMER B B, i
b B R N, O B R e B ) H
U, 2R REY, TR RN AR
TR INE IR BA SRR RE ST ANEAR N
Gy TR I RAT LUK, S K AR iR
PrAIE il 2,
2.74 EARFAKE) ORAC 1A

SEREIR, NIRRT MR ORAC 187>
5174 1035.52. 1056.88 pmol Trolox/g. HILFI L, /I
IERIE S PR AR ) ORAC {EAHY . XK /MR
JIR e U A% RELIKT ) b R =S N R ST AR
AEAY. CAHIFRRY, EiEtE Ak B —
SEMRTIREEE, 7 RN IR— R R
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PRSP S P i A ] FH AR PR
B BSEEA N T IE<1 1~3+ >3 ku 113 4
Hoy. 731 iE<1 ku 701 ORAC I RE =T 514k
PIPALTr (p<0.05) , BA RIAFHIAHE hiERikhE
AT N AR IR R 70 R <1 ku /)
fik, XATRE S HEA RN ORAC (A —E KiK.

3 ZHig

DAZS ok A JEokh e i Wi i) & N IR IR, &
FRAIPE S BN 95.86%. 83.74%, 4T Jfi&E 1000 u
DAY 15 92.22%, 05 5 S AR ANET K PE IR &
B0H108 2092, 32.23 g/100 g, EERS N TR E
/INF 1000 u /N, 7E 270 nm KA e R o .
TR EFIGIEAT, ot PAT BT S
FCFATA -4 & - MR A il 2 ol
5.83%- 3.14%- 37.57%- 20.32%7F1 33.14%, LB K p-
P& NEREMAREEE BEA DPPH H M
ICso {7314 9.62+ 1.54 mg/mL, ABTS H HILiHER
A& 7174 3.53 mmol Trolox/g, ORAC 1& >} 1035.52 pmol
Trolox/g, BEARIRINBUAIAETT, NHAEAH I E T
FRE TR R T — @ S H KA.
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