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Abstract: To prepare protein peptides from Hohenbuehelia seroti-
na by enzymatic method, the composition of amino acids, struc-
ture and biological activity of protein peptide were analyzed. Pro-
teolytic enzymes were selected with hydrolysis degree and DPPH
scavenging rate to optimize the enzymatic hydrolysis conditions
by response surface methodology. The protein peptides from Ho-
henbuehelia serotina was classified to Py (<3.5 kDa), P, (3.5~
10.0 kDa) and P3(>10.0 kDa), which were analyzed to get the
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amino acid composition and infrared spectral signature. The an-
tioxidant activity was evaluated by using DPPH, ABTS, OH re-
duction capacity of free radicals scavenging activity and in vitro
simulation of gastrointestinal digestion was also studied. The best
hydrolysis conditions as follows: pH 7.6, the reaction time 3.0 h
and temperature 42 °C. The protein peptide P3 (P<C0.05) had the
highest content of total amino acids and the best antioxidant
effect. The infrared spectrum peaks of the three components were
similar. The activity of the three components did not changed
after simulated gastrointestinal digestion. The protein peptides of
Hohenbuehelia serotina prepared by enzymatic method are abun-
good stability and antioxidant activity. The

dant of amino acid,

higher the molecular weight of peptide, the better its antioxidant

effect is.
Keywords: Hohenbuehelia serotine ; protein; amino acid; protein
peptides; structure; antioxidant
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1.3.1 HEEABUKMEE DHIE S B3k 14].
1.3.2 JUHE & A B IBOR & R AR IBUBLIE 0 S DL

B L 10 80 (g/mL)FJF 0.07 mol/L NaOH #8 75 $2 Bt
40 min, $2HUEE 50 °C 8 A T 250 Wi id i85 8
HERIEZE pH 4.0,4 000 r/min B> 20 min; JLIE JH 28108
K A5 TC BE AR VR I AR D R 2T S R A Ik A
JE

1.3.3  MEfi s oo R R R PR R U o T 0 e il
PR RBR AR G K AR G . LUK iR B2 F DPPH « 3
B A HRARHEAT R R H 4.

(1) i 8 08 0 B 2 11 R A8 2R 5% o) < [ 5 pHL 7.0,
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(2) pH {E X T 2 1 i A 2800 1 52 Wi« 1] 6 A 1L
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4.0 h,#%%% pH 7.0.7.5,8.0.8.5.9.0 2514~ A0 Wl i 5 2R

(3 A A IR ) Xof 7 I 5 11 A0 A7 280 SR 19 532 00« [0 2 G A
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B .
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(<23.5 kDa) P, (3.5~10.0 kDa) }; P; (>>10.0 kDa) , 4} 3
BT AR TEE B K 3 AN ALy
1.3.6  SEEMRALB AT FREURE OB T OK AR A
6 mol/L HCl ¥, BLASE 10,110 “CK AR 24 h JFE 455 1K
1 mL 7£ 100 ‘C/KBZE T, 2.5 mL 0.02 mol/LL HCI &
i J& 3E BRI E
1.3.7 AHM-LZLANGIE T FRIRAE T 2 me, AT & 1
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W 1K BT S AR I 2,
K H Design-Expert 10 FPF X 8dla A7 [0 04 14
PRI
Y=26.898—1.464A+0.488B—1.157C+0.445AB —
0.114AC+1.376 BC—1.946A* —2.427B* —1.176C*, (2)
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Table 1 Factors and levels of RSM analysis
K- A pH B fif} fiff 15F 5] /h C ity A i 2/ °C
—1 7.0 2.0 40
0 8.0 3.0 45
1 9.0 4.0 50

x2 HBEETELER

Table 2 The experimental design and results

5 A B C TR/ 7%
1 —1 —1 0 23.94
2 1 1 0 22.00
3 —1 0 —1 25.75
4 0 1 —1 24.70
5 1 —1 0 20.73
6 0 —1 1 19.15
7 1 0 1 21.58
8 0 1 1 23.47
9 —1 1 0 23.44
10 0 —1 —1 25.88
11 0 0 0 26.26
12 0 0 0 26.31
13 1 0 —1 22.45
14 0 0 0 27.60
15 —1 0 1 25.33
16 0 0 0 27.60
17 0 0 0 26.72

x3 FHUHIWER
Table 3 Regression analysis and results
kIR CFAM O AWmE ¥ F{i P>F &
A 89.582 9 9.954  7.952  0.006 i
A 17.072 1 17.072 13.638 0.008  fk W%
B 1.908 1 1.908 1.524  0.257
C 10.702 1 10.702  8.550  0.022 i &
AB 0.791 1 0.791  0.632  0.453
AC 0.052 1 0.052  0.041  0.844
BC 7.578 1 7.578 6.054  0.043 e
A? 15.945 1 15.945 12.738  0.009 e 5
B? 24,799 1 24.799 19.811  0.003 @
Cc? 5.821 1 5.821 4.650  0.068
S gz os762 7 L2z
RKRZE  6.978 3 2.326  5.216  0.072 A%
a2z 1.784 4 0.446
M 98.345 16

i 2% 3 AT ST 0 0 22 SRR T AR 3 5 2R SRR
WF MK RER =0.911, LW pe A R 0] DUAR 47 b 0L A
WIREE R, BDEERY, kW AREE.CEE.BA
B TR AT B R B .CARE I BC B3,
ABFI AC AN\ 3. R W B (6 09 8 0B R 4 & Al IR
RO IIVEENE A RN I R RS- A N N
AR R A>C>B,

B 12 3ANEZE i DPPH - 3 BR fig ) (4 1w L 18 AU
GH LR B, K AR B B 1R SR AR
pH 7.60, [ fi# Bsf (8] 2.90 h, g ff B 42.39 °C .DPPH - ¥
BREBLIE M v 3k 27.45% . B T RIE bk & Ak &0, A
B 2% P45 1 W AT 1 L 3 PR R 2% 1RO < pHL 7.6, Tl A 1 [

3.0 h, [Fff LB 42 °C L B8 UE SC 50 (n = 3) 14 2] () DPPH -
R A 26.85% , SHUSEIEAY & .
2.2 SREBEAMNT
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16 Pl B/ b & 7 Fl i & IR (B E R AR MDD ; #F
ANEAEMEAR. et 3 ANHa a2 m. 02’ MR
KGN FE XRS5 E AR MRS R A
BB & F DA S B DE Th 6 L BRI R 5F . 5 FAO ¥
AR UEAE LL 413 Py R RN &R AR &R & 7t T FAO
HEFRARUE s TR E A R M 2 TR & i 5 2 AH Y, ik g
AR BLA B e AZ S RIS A 1 S £ AT, B e
LT 5 % TR AR K10 43 R /N AR [ B 35 R 41 A
AL AR I WA, HE 4T EE . TEEA
K 3 AL dl oy P iy BB SRR AN T A LR & = I
i BT (P<T0.05) Ay PRI S; Po o BRG] RASRE
W3 Aot A A E L S fEZE 5.
2.3 LIANRIE ST

BB 2 WG 1Py Py R Py 1 I T R e o7 AR —
BOUH = FH BRI E RERT 3 414 cm ™" AL (Y A% 5 TR
Welg ] BB J2 N—H i 45 48 3l 0, & A1 e /Y R AL 2 0
2929 em ' by W W AT B CHL 3 X5 R 1 1 45 R 3
J& F WM B Ay 52 368 cm ™ ] fig S = A SRR A 4 R
BRI 51 637 om ™" Ak (Y 5 I oA U R RE O I T A
(C=O PR K B BE 127 FRAE 0 i 2 KB 22
B C = O Maa 4R sl 76 55 o 1 A5 BE T 51 (Y, Hoxf —
FAE BT B R R B AT RS R B
W51 404 em ™! b A IR T BT RE 2 C—N A 4 R 3 0
JE TR T4 5 1 249 cm ™' A0 g WIS 7T RE R 28 19 B 40 4b
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Table 4 The composition of amino acid
mg/100 mg
AR Py P, Py FAO #E#Ebr
KA AR 3.610°  2.770¢ 9.3842
TR R 2.062¢ 2.405°>  4.430% 2.8
2258 TR 1.964¢ 2.095°  4.348%
HAR 5.324°¢ 6.005>  10.529%
HaEmR 1.680¢ 1.755>  3.523%
[ 2.188¢ 2.200%  3.864*
e E R — — —
R R 2.672%  2.599°  3.668" 4.2
i 2 R 0.690° 0.746" 1.380° 2.2
5L E R 1.754° 1.558°  2.320° 4.2
SRR 2.501%  2.115°  3.279° 1.8
it 2 R 2.092P 1.862¢  3.776®
AT R 2.251° 1.631°  3.128° 2.8
AR 2.257%  1.818°  3.865° 4.2
HE 0.999" 0.805" 1.784#
&R 1.187° 1.187%  2.232¢
Iy = R 8.575  8.129"  10.208"
DEAEMGR 14187 12.8720 220700
MOELR SR 41,806 39.680°  71.718®
T AT RN R OR 25 5 3 (P<C0.05),

(c¢) ACTFEZK

(d) ACH B
o i A AR % B
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Figure 2 FTIR spectra of protein peptide

SGIE B BEE A A9 8 $r 851 035.1 076 cm ' b Y 98 T i
WETTBE J& C—N i 4 4 ) 0, J& AR Tt i 19 4 AR I U
638 cm ' Ak I O T REJE N—H R 45 4R gl

2.4 MELBEE

2.4.1 DPPH - WEBR/EM a0 &l 3 Fras , Bl & ok B2 1 1
3 A4l 4y o B R A Bk DPPH - 3 BR g ) ¥ B =2 3 K.
WHESWEBREREIEME: 3 M40 PN
(72.95%) & & T (P<C0.05) 414> P, f4 4> P, X4
TR K B £ Ik 22 R UE A B 3 AL A TR
W41 DPPH - i5Frfig it S5 AH

2.4.2 ABTS" - JEBR{EA W 4 Fros, BE & WRE Y 1
T2 3 AN EL 53 1 B e 34 i =2 8 O L ik 5 T B R I A OG5
3AMSY Z A 4y Py X ABTS' - 35 BR fig 1 dpe i (P<<
0.05) s ik A dl 43 Py, 4143 Po il ¥k & 4 10 mg/mL
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Figure 4 ABTS" + scavenging ability of protein peptide

B, 414y Py I B3 3 IR 5 (97.82%) . I B 21 2510 % B iff
SR N TR (0.13~2.00 kDa) B #4719 ABTS' -
THBRBE ST s S50 25 AR 7T A 2 EORIEAS TR BT A
AT AW, 7 AR 0 22 K L B 7 B AN TR) 2 fig

JHARAT 2 5% .
2.4.3  « OH UGB W0 5 FF % B 45 06 FE 1 50 M

3ANALSY « OH 35 BRF 0 e B 53 bR ot 222 TEAH 5%
3G Z H S Ps B EFR R B3 = T (P<<0.05) 447 P,
g s Py BN 20 mg/mL B, 4153 Py 1935 B e dx =
(60.99%0) . FRAREDYT R IAL A U5 Hh Ko T &
HoxF « OHIHBRBOR 22, S 45 AR . Ul R [
SRR By F i K/ - OH WERBRVEFIAS T .

R
Scavenging rate/%

Concentration/(mg * mL™)

FEEAR R R R AR R i 2 ] 22 57 2. 3% (P<<0.05)

B 5

» OH scavenging ability of protein peptide

« OH # i dt A
Figure 5
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2.4.4 JUEEEPKBMXTERBE S WA 6 BTN BEE
VR BERG RGN 3 A2 53 AU I IS RE g L 3, 12 B 1
KA. 3AHDH Py X & B AE T B3 = T (P<
0.05) 47> P, AL 3 Pys 7 Py (iR IR Jy e 22, MWK JE
A 20 mg/mL i Py 4150 MG I8 5L RE 138 F) 9755000 K
SRR ALK 3 A4 ARG i B B 5
JERE T Sl 45 AR . Aderonke %50 fff 3¢ £ Y L [
il 9 o 228 A [ ol 248 2 14 T A P oy R AR 02 3 S [ BT
B E 2 IR AL TR T 9 A [ 7 A TR R 2 T i R/ 2
IR TE N CINIDE /R o €
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Figure 6 Relative reduction capacity of protein peptide

2.4.5 ZiBBLEARE ST FIASEIE RO A E 4 F R OT
B2 KBS ML fg 1 il AT &5 & W M. L DPPH -
ABTS" « |« OH FUARX & J5 J1 4 A1 05 MK 3 T B &
TEAR AR R . 23T AR 4 T & U0 B 2 IR o
B 197 E R BN/IMKIR 443 P5 (0.70) >Py (0.43) >
P, (0.19) , WA R [/l 4 F o0 B £ R 44 Ps 25 & L
SALRE ST R s K L4y Py LAy Pl s,

A W T P R I B SRR R T S B K e A R RS
PR B AT BRI AR DG . I T R Rl A T R T £
RGBT K P IR MR M55 & M R R & 3 L
Mo P& i T (P<T0.05) 414y Py M4 4 Pyl
EIE T A5y Py B s Mt /AL AR . ok v dd 4y Py
Iy Pl s, SEEAPURALRE BT M AF . (X — 258
R Y S T W N e o = R < N s N 1
AT A P S5 R R . X — 25 SRR A AT RE
JEOGHE TS A R R 2 XU B K I O B B 4 4t
J& WAL SR 7] 5 AT 7T R 43 G A1 43 vh S R & i 1 2
SR RE A HALTE R FERIEM . AR T8
SYESAiAL T AT D) RETE MR
25 BMBMAIBEHEXMTEEARKEEENTME

[ 7 SRl 8 B Ak X 3 A 44y 0 BE A 1 kA
PERE I . 25 1 h iy B O S 41 Py R4Sy Py
A 5 A B AR TE 90 %0 LA b s 41 4% Py 0 M AR B Rk
) 106% ., ULBZ N HE A EER S b AL RE ) )
WAk, ] BEAE B VR IR R A0y P A B3 — L
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Figure 7 Activity retention rate of protein peptide
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