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JE X 30 49 DPPH-# 1% R ALK& F 9 5 A 94.96% #= 88.42%. 5 K ZEEARAY G &) 3¢ L imAntt, Bafgfs 2 e
KigHERARASELEFFT (P<0.05) « ABJEZWHP<3kDa By R AN S K77, ZEHHTE<1000Da t9ib
1515 86.70%, &M% M (liquid chromatography-mass spectrometry/mass spectrometry, LC-MS/MS) @ 5> K HL#% K 5%,
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Abstract: Chicken lung is generally utilized as a low-value feed in poultry slaughtering industry. In order to increase the
added value of chicken lung, this study determined the proximate chemical composition of chicken lung and prepared
antioxidant peptide by enzymatic hydrolysis. Firstly, using 1, 1-diphenyl-2-picrylhydrazyl (DPPH) scavenging rate and
crude peptide content as indexes, the effects of the kinds of enzyme, pH, enzyme supplemental levels and hydrolysis time

on antioxidant peptide activity were investigated by single factor experiment. Secondly, based on the results, Box-Behnken
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response surface designed was used to optimize the reaction conditions for enzymatic hydrolysis of chicken lung

antioxidant peptide. The main influencing factors were pH, enzyme supplemental levels and hydrolysis time (P<0.05). The

optimal conditions were obtained as follows: pH3.60, enzyme supplemental levels 4200 U/g, hydrolysis time 5 h. The

DPPH- scavenging rate and crude peptide content in the validation test were 94.96% and 88.42%, respectively. Thirdly,

compared with the supernatant of chicken lung homogenate, the free amino acid content of the crude peptide increased

significantly (P<0.05). Finally, among the ultrafiltration products, the <3 kDa component had the strongest antioxidant

capacity while the proportion of molecular weight <1000 Da was 86.70%. Liquid chromatography-mass spectrometry/mass

spectrometry (LC-MS/MS) sequencing revealed that peptides with water residue ratio =50% were 60.97%. Meanwhile,

Val and Leu accounted for 48.78% of the total N-terminal frequency of occurrence from peptide. The present results could

provide theoretical and technical support for the comprehensive utilization of chicken lung.

Key words: antioxidant peptide; enzymatic hydrolysis; process optimization; amino acid composition; peptide sequence
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5] PD 500 Sl AL B E A IR A PR
H]; S2-Food Kit # pH it &g L HEAREFEAS 205
Vortex-2 iR HEIR I B 7 AT S0k A BRAS &
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A BRZN ] INFINITE 200 PRO BFRIY B E A
)3 Allegar-64R BN SEE Dl va S TR RER N 7
SCIENTZ-10N ¥ VR TRl TR Z YRR
BN F]; 7310 4 [ shad B s Hri SR (dbny)
Bl Y 2845 RN 7l ; LC-20AT EAGEAHGEIREY  H
A B ERONE]; Thermo Scientific QE HF g SEH
FEBR KA

1.2 XWHE

1.2.1 XSATHTEAIEE R T2 S 3Gk [13] 9F
VR, XS KIZHL 5 min WiKJE 5T 28R
BB, gk 3 IR EBRIRIEZRTIFLE, INA LT
KV LR 1:3(ww), BABEFRSIIK (10000 r/min,

INER AR REER R OK R A 1 mol/L 19FE
FRIER AN NaOH MR VA7 pH) , B At 58 s 1o SN, MR
pH P2 7.0 BE)5 3B /K 10 min K, B VKE
BLOH EE (10000 r/min, 15 min), B FIE DPPH-
TR S E HE
1.2.2 PREIZRSCE
1.2.2.1 [kds S5 1, ARIERTEH S as
TEMRFE R N FE M55 T, ¥ IR R [ i 25
A . B B . B AR A AR P
IS pH AEE T U e BEEFES I 6000 U/g, FHE Lk
1:3(w/w), BFfRRTR] 6 h FEATHGMR, 25 0 5 UGS O
(10000 r/min, 15 min) &M DPPH- &R
K& i, YePE DPPH -5 B R MUK & i X e i 19
H 1 B T 5 S0 1 PR 2 RN 7 TR o

# 1 AREABEGS pH AR

Table 1 Optimal pH and temperature for different proteases
AR HidipH o IR (C)
R (B 6.0 50
T 2 1 9.0 60
FEA=] 3.0 37
ARTNEE 1 i 6.0 45

1.2.2.2 pH Mkl DURRAEL 1:3(w:w), 1B 37 °C.,
WA INE: 6000 U/g. WEfERTIA] 4 h A 5540, 4351
BFSEAER pH(1.5, 2.5, 3.5, 4.5, 5.5) XSRS fiPi 48
ALAKIY DPPH- 15 R AR & B 52 .

1.2.2.3 BEHESIEAER:  DUBREEE 1:3(wiw) | IRJE
37 °C.. pH3.5. Bt 4 h EEAS S04, S BIToeas
[F] A BEFAS IR (2000, 4000, 6000, 8000, 10000 U/g)
SRl ALK DPPH - 51532 . K B B i 1
1.2.2.4 PRt pgsesE LR EE 1:3(w:w) | i
BE 37 °C. pH3.5. [ HE 6000 U/g AFEASSEAY, 43
BT IR B AT A (1, 2., 4. 6. 8 h) XIXEATPLAR
ALK DPPH - VSR R AK & i s

1.2.3 Box-Behnken M)W AR50  FEEADE 22505619
FLhl b, BRI pH(A) |« BREZSINE(B) | B A1 (C) N
TSGR 7, PA DPPH - i BRFSFHLIN S 5 g i AR, SR

2 WA R MoK

Table 2 Response surface design factors and levels

IR A(pH) B (E#As i, U/g) C(Rtfirsta]l, h)
-1 25 2000 4
0 3.5 4000 6
1 45 6000 8

J Box-Behnken 1 H.0 40 -G 3T =R R =
IR ARG BE T, MR T e PRI 2R ARSI 2.
1.2.4 HUAEAALIGEIERST RS 4300RH 3 #1110 kDa 1Y
HBUEAE XTSIl T AR A B U8 435, KL
BT 223k, BothlHR BN 10 mg/mL B9
15 mL #7284 FAE 10 mL, 4000 r/min Z5.> 15 min,
Sy B AL 43 FH>10 kDa, 3~10 kDa F1<3 kDa (94
SRR TR, IR 2 mg/mL MR HGH T AL
FEPRIGINE , e TR ALRE I I L i A 150 T
SYATIN R T2 5E

1.2.5 FEARMZFMSGTE  FoKaE: =8 GB 5009.3-
2016 CE S KSR S P T S B ) —i B
TR MAE M 28 GB 5009.5-2016 &5 & H
I YEs—ik BILIGE UL R T: 218 GB 5009.6-
2016 & S AR B E Y3 —vk 2R ICHIER I K 53
Z: I GB 5009.4-2016CEL i K 43 1 I 5 ) & — 1%
B RS RINE; 81 . 40 =88 GB 5009.91-2017
CEFHRER | BRI AE YEE—1 KGRI TS
1.2.6 PisEfLIERR

1.2.6.1 DPPH-IFERMME = Liu &' #1907
VEAT, B DPPH ] 95% I 2 BV W s it e, e il
A% 0.2 mmol/L ) DPPH . FAW4Hm 1 mL DPPH
WS 1 mL AR IR AW, XTREZHA 1 mL DPPH
YRS 1 mL 95% CLEEARMIRGTR, 25 M40 1 mL
AR 1 mL 95% L BEER IR AR .. FiE 25 C
#EG R B 30 min J&, W2 FAE 517 nm &I SG{E,
AR Y DPPH-TERRE J1 1 W= (1):
AFfER-AT A

=3 &b 0/ — _
DPPH-RIERE () (1 ANTE-AZ ]

)xlOO

X (D
1.2.6.2 #RES TR HEST (Ferric ion reducing antioxi-
dant power, FRAP) f#i AT AALAE F1i070] 6
(FRAP 75) Mz, #efEde FEUa i 58517
1.2.6.3 ABTS - WEBRRANIE =% Zakrys 25 [
J7i%, ABTS %5 S SRR A& Bl ABTS
TAEMR, IR CHCE 12~16 h, FHBEMRELZ2 ik i
BETAEW, B 200 pL B3R TAEW S 10 pL #E5IR
A, IR RE 4 min, T 734 nm A E OGRS, LU
GliKAE R 23 AR IR . ABTS I A= R
Ay—A,

0

x 100 = (2)

ABTS* - 15 %% (%) =

Kb Ay LK S ABTS TAEWR WG
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A, HEESRR S ABTS TAERIINCE
1.2.7 KEEMME 2% Luan U7 0y 7 2314
VERCHE, SRJHERE L (OPA 1) I HLAK & &2,
SRR R AR I BCHI 5 80 mg SRR H
[T 1 mL s, AR 50 mL PURIIFR AN
(0.1 mol/L) . 5 mL | 4% EE M 18 4 (20%, w/w) .
200 pL B-#HiFE LB, BB T /KERE 100 mL, 257
HEFHEAES . B 150 pL ¥)E R 1 mg/mL ARLIKIAE R,
IHA 2.0 mL R SR G, RIZURS) =R
SEESG N 2 min S5 U052 SN WETE 340 nm K ALY
WeOGAE . FHIRER U RVE AR HESR 1, ORI Dy 0~
1 mg/mL A2 AR UER T, 43 30058 W, AR
R AR AL R, WOGAE S A AL bR il R ith £, 115
SR Ry Fr ) 2 A& i, 1157 =LA (3):
it i 22 X6 B FRT i 5

1 mg/mL
1.2.8 AT E R IR A BT I AT SRR S
I GB 5009.124-2016 & & 231 i a2 ) I vk atk
ATE IR AT LA FRAGELEAG il 5] S AR H il
SRR ) U RS IR o B S RS T 38T e, I i
TR Ry RS 513 A PRS2 TR, e IR T
SRR S o B YR YRGS TR
1.2.9 JRAFHEAMME R SEORAH RS
REXG T AR AR S3F 2 o0 AT, Bl 1 mg/mL
PR UESRA T ORMR-EIR- AR (M, 189) . 4
HR- £ 2R 2 TR -KE 2R (My, 451) . FFEIAR (M,
1422) . JPAKTE (M, 6500) . 443 C (M, 12384),
AR 10 pL, £ TSKgel SR REATAEREE VLI, Hish
FHLH R 25 7K =8 2 18=40:60:0.1(v:v:v), #E
I3 30 °C, Wik 0.5 mL/min, 2 HFRHE S -5 Pe B st E]
ZE R RAERRZE . FESRIRZE 0.22 wm BB UE, 78
LRk R4 F U, S hriiiHare s o+
R En i S
1.2.10 LC-MS/MS %5 kE: By 4tk &
JG R 3 kDa 08 A THUE, BO85 1 Wk
VEWR, BT ER L HET, rr i PR (- FR R T
4549 (LC-MS/MS) #E47 xE . LC-MS/MS #& 5t tH
Thermo EASY nLc-Thermo scientific QE HF #H hl,
{35448 PepMap RSLC Cgo

PG Xing G B, TLahAREE AR : A A8
(0.1% W), B #H(0.1% Hig, 80% ZIE), Bk AL
A1 350 nL/min, P& R R : 0~7 min(97% A, 3%
B), 7~46 min(92% A, 8% B), 46~51 min(68% A,
32% B), 51~56 min(56% A, 44% B), 56~60.10 min
(1% A, 99% B), 60.10~70 min(97% A, 3% B). ik
P 6 D — i b 08 B AT R R, A
Peaks Studio X *JAKBE 1T M 3L )F (De novo), 1%
PEEA S BAEE (95%~99% ) BIFFN BT 40T o

BEATIIEI ST, R IRt ) BT 3 FH =0 (4)

Ik B (%) =

)xlOO & 3

Hor
o NIERCH SRR B
4 &k IR = -
BRI = o o e R AR LR B e
A D
1.3 HIEAIE

SCYG TR AT YR, B DA I (E bR v 252 1,
% JH IBM SPSS Statistics 25 #{2): (IBM, USA) #£47
PR T 22500 . ST REAS T K5, ARy 2250 Hr Ak
Wi Z, >R Duncan’s T2 H LR, BE /KR
A1 P<0.05, )W/ FH Design-Expert 8.0.6(Stat-Ease, USA)
BEATIR R pH AR BRSS9, 121 Origin
2021b(OriginLab Co, Northampton, MA, USA ) %1l
FEARAE | Prek S,

2 GBR5SH
2.1 FSRERFER S

Xl (FRAE ) LM e #5205y S s UL 3. ik 3
AT LA Y, e 5255 PO IFSEAS 20 14 88 i 3 AR Bl
S UEAT AR R IR, XS h K 43 E EESh 81.45 /100 g,
g IS K (83.10 g/100 ) AH bL, P &35t
X EE B S T, D 14.00 g/100 g, AW R 43
T IS, 435N 2.50 F1 0.94 g/100 g, ZAERNEH
Tt i H B Tl P R B g Tk o X il 2 11 o 5
TN (12.20 g/100 g) AR & A T34 M11(3.90 g/
100 g), FEASE FE B 4300 I B8 3 A 64 7 28 I I o
X B B Y RER NG ER, AT A XS
TS TR (4352 210 FT 81.40 mg/100 g),
FERE TN ERE S -

3 OEASE I,

Table 3 Proximate chemical composition of chicken lung

TRy i
Koy 81.45+1.63(g/100 g)
BEH 14.00+£0.04(g/100 g)
5l 2.50+0.02(g/100 g)
Zix 0.94+0.03(g/100 g)
# 223.06+4.24(mg/100 g)
# 106.49+1.49(mg/100 g)

2.2 EEMEEMHIEBRERT

2.2.1 FEAEERE  N[EIER AR ARSI 25, 7
Pttt A b, AS TR AR B A e 2 X A 4 )
PRZH W AR R sE i, SE I 2 B0 P EfLihe
FIFR IR B A AR — R B 22 521, R A 2L i il
AR AT IS VA TR . anEl 1 T, DURP R
ik r= 1040 DPPH- Y5 SR 8 1 ALK & 4y B #&&
H > 42 & 88 1 1> A TINER A > P 8 g, Hoh
T AR 0 DPPH - WS EREE 1 3w T Hifth =
Fh AR I B EGA# T~ (P<0.05), i5E] T 92.20%, FHIK S
HIRF] T 74.15%. THEIHES FERFTT ARG IR il 55
PUAE IR [RIA: 22 30 B 5 1 Bl v = A e v 1
KSR A CAEALRE T, PRI LA T 2 P A Bl S



- 116 - £ Tl B

20224 5 H

PRI T IR SRS . B EE IR S N R MR R L,
BAT—E WYL 5 Ve, H DI, o 5 2 e 2 At
5% R KL S Phe, Tyr, Trp A1 Leu B9 KB #8422
WFFEFRIA Trp A1 Tyr P35 5 A7 05 e R 2 LA
SRS, AT AR Y ) B ER A

DPPH-#5 %5 (%)

100 KA (%) g

. 80f d
ISP ¢ =
< | e b b
g O 2
# 41 a
o= 40r
E=
= 20t

& e e @

& F S
G N x
it

F1 R[RIE FGRE R A5 T 19 DPPH- T R SORLIK 55
Fig.1 DPPH- scavenging rate and peptide content under
different enzymatic hydrolysis conditions
T Al — 48 pR 4% L LA Al /NG 7 B 378 28 57 135 (P<0.05),

P 2~ 4 [Fl.

222 pHMEE AR IKER T BFMS RS AE
pH XX Jili i % 77 4 (04 DPPH 15 565 5% 5oL 25 B 114
S, HIE 2 T RIE Y, pH XA 1 HAA 3 R
(P<0.05). >4 pH X 1.5~3.5 B}, iz pH By Jm,
DPPH - 78 555 5 UL & 5 38 88, s {843 50k
93.37% Fil 84.59%, Bl Wi A #RAT R Fats ., HIR P
TE T 2R FAEAE N A= 206 M o, B R AR E I
i pH B, ask PRkt i B £ 1 AR BT e
S58% M <, FEF H BV E R B ST e I R
53T A SRFEEA ek AR, BRItk HA ANMEE B A pH 7
FEI N A REAT R DI R, R h BT B AR RE 1109/
SrFRREERPY, PRI, 25535 R PR pH3.5 A N N
Tl 0 7K

—=— DPPH-#§BR*% (%)
100 190
P~ MUK A (%)

> 0 O O
wn O W
T

DPPH- 155 (%)
()

pH

K2 [ pH %} DPPH-Ji kA< FUHLK 25 et 1 5200
Fig.2 Effects of different pH on DPPH- scavenging rate and
peptide content

2.2.3 PBEASIEAYBERE B H B R i
PESBL FE 2L ZR, RIS IR s e JEE A AR 114

FEEA WE 3 PR, BEE TR ITE A3 11 (2000~
4000 U/g), DPPH - &5 R FHLIK S 3 W28 3 hn (P<
0.05), T4 BIEAE] 93.24% F1 85.21%, TEERMH
— 2B}, B B IR A0, 4o T 2 0GRS A
R PRS2 75 4R ik, DE TR S N 8 R, A B
W A A ARRE J1 00/ N T 22K, DT~
IRZR KT RS E R IEERRAE . HRIRKIS5E
5T 2SI MBS I 21 as— 2 RRRE R, 4k&ett s (o
B4 FH e, £ SEURWI A, BA YAV E RO IKE:
WeitE—2E KR R JCTE PR /Ny T IR 2 R, S A
FI4 E LTS BREE S FRLIR S e S R M. 2R
iRy, e 4000 U/g AE NN E 0 7K.

 _._ DPPH-VSIREE (%) ,
B kA (%) ”

2000 4000 6000 8000 10000
RS it (U/g)

K3 RFEIEGEAINEXT DPPH- 7 bR A AL & 2 A
Fig.3 Effects of different enzyme dosage levels on DPPH-
scavenging rate and peptide content

2.2.4 [EEfEEIRISERE BEAMAAAGESET
BEAT— 2 B TR] PR, A REFT A IR 25 2 R FH K
B, RAEF=INA A TOEE . AR 4 AT, R IE
fit Bk [E] X DPPH - % B3 R FIUFL K & = 397 i 28 2 i
(P<0.05), HFiE aH#—3. 4H#E 1~6 h B, B
Tt Est [E] A EH, DPPH - V& B R AR K S i 37 4 35
i, £ 6 h B5F 43 513K 5] 92.53% Fl1 74.15%, 6 h J5 Wi
FHWEE TR, R AT RELE T NPT, IS ot
W BERE S, AR S5 IS 8 A FE 2 P S BLAS
A, B A S (A g5 kAR o AR, 2B B I
SARIT RO TEFTI 7, YR AT,
BT BEOK S, [RIE /N 22 IR RIS PR, Pisenk

—=— DPPH-I5 %3 (%)

94— MUK (;A)) N 175
93 o
L9t
o1t 165 £
S o0t 1 6o
= 89 g
= o)
& {55 =
& 88t =
aj
g7t ffa {50
861
45

0 1 2 3 4 5 6 7 8 9
Al (h)
P4 AS[RI B R DPPH-T5 R AU & B 5
Fig.4 Effects of hydrolysis time on DPPH- scavenging rate and
peptide content
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AR FABSYIVE FAA 2SR PE, SEUEAPUAEIRRE I
22 IR 5 K 1 BB IR, JK it ol A Ui 25 2 R 02T, 2%
I, ¥e4E 6 h YERMRLTAT 0 7K

23 Mo mEIRIELER

2.3.1 [IJABEAY A A 7 FNJy 225001 FIJH Design
Expert Z4%F pH. BEGS G | Bt i 7 =R 3
= 7K~¥ Box Behnken &5, M W AR IS e M 25 R
W 4 Fros. S Sghal Bk f 107 25530, X 8cdE E
112 IellH 4, 4%5] DPPH-IHERZR (Y ) SRk &
(Y, )%F pH(A) . BEGS N (B) . BfAHTE] (C) 19—k
e AT CIVS Wop sy (T

4w p i B 44
Table 4 Design program and experimental results of RSM

g iy Y,DPPH- Y, Mk &t
A B C TR (%) (%)
1 I 0 -1 90.23 §3.01
2 -1 1 0 81.02 45.19
3 0 0o -l 92.05 81.56
4 0 -1 1 88.76 75.46
5 0 0 0 94.22 84.50
6 110 86.51 7732
7 0 0 0 94.50 86.75
8 S 82.77 49.80
9 1 0 1 83.05 70.12
10 -1 o 82.36 51.59
1 0 0 94.86 87.86
12 o -1 - $8.32 80.51
13 0 0 ! §1.85 78.49
14 0 0 0 94.67 86.57
15 -1 -1 0 79.48 44.48
16 1 1 0 80.39 80.41
17 0 0 0 9431 84.92

%5 DPPH-TEBRFIARAT KT 20T
Table 5 ANOVA for DPPH- scavenging rate

SekIE PR ABE ¥y Ffi Pl

TR 533.20 9 59.24 278.57  <0.0001"
A 26.46 1 26.46 12443 <0.00017
B 7.53 1 7.53 35.39 0.0006™
C 37.63 1 37.53 176.93  <0.0001"
AB 14.67 1 14.67 68.97 <0.0001”
AC 11.46 1 11.46 53.88 0.0002"
BC 28.30 1 28.30 133.08  <0.0001"
A’ 262.93 1 262.93 123631  <0.0001"
B’ 95.39 1 95.39 44853 <0.00017
c 16.96 1 16.96 79.77 <0.0001™

B 2% 1.49 7 0.21

P 1.22 3 0.41 5.96 0.0588

A 534.69 16

Y,=94.51+1.82A—0.97B—2.17C—1.91 AB—1.69AC—
2.66BC—7.90A%—4.76B>~2.01C?

Y,—86.12+14.98A+0.98B—2.40C+0.59AB—3.67TAC+
0.50BC—19.82A°—4.45B*>—2.67C>

Bz = 0% DPPH -1 ERA3<0% [0S )5 B2 05 285317
LA 5. SRR M)y AR rh R AR b S AR
ZIAFAERR B35 OC 2R, RUAEAR P<0.0001, 156 HH 2245
PR o AR ISy A ORI A T T R, S
B R b =%t DPPH - T BR300 PR 38 s 2P HE 7
Sz BRI (C)>pH (A)>EFA N (B), H = X5
HA W 220 (P<0.01) o 2 LT P=0.0588>
0.05 AN I 3, FRWIAT PR 3 X 235 2R (52 M 45/ )N,
5L 2% FEOR A TRENLIR2EPY . TEAIR AL, JuE &
B R*=0.9972, FLIEIL A E R%,=0.9936, WLl
JE R?,,.4=0.9628, FIEALL & B AU B U5 BEAH 22 AN
K, HARRI A5 LA 43.61, R IBOR 580 &
AREEGYS, VT LSRRI EA T4 A TR A TH00 53

Pl 5 BEAE EDULS R 25 [ 5 — S P A ol sK
SRS, HAth A R B9 32 HAE XS DPPH - 1H BRI
S, DA I P25 G352 a0, 24 i i 2 ph AR RO,
S e EB T R I, B As R 2 2 Ml 5E 5 AR

e R T B (P<0.05); **Fn 25 5 3% (P<0.01); #E6lH],

SR (%) e

iR

i
H

DPPH [ 37

%) o

bR

12
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DPPH [ &7

6.00 .
m 5.00 2 0 300 Ty
/H/(lz) . : N
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iR
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H

DPPH [ &7

5 DPPH- 1 [ 5B r 44 R 28 5 B V7 1T 1]
Fig.5 Response surface of various factors in DPPH-
scavenging mode

BRI, 2% DR 2R 2 [A] B A e R LA PR, AN R =
(] AH A A5, XA TR HLAT 1 3 25 52 (P<0.01),
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20224 5 H

L0 ira m—3. ANE S Frnl g, [ wf st
(6] kg s 2K, MG ES IR /DT, B pH 9Tt
=, PEXT DPPH -VE R T, SSRGS 5
Z 0, B pH T s 7= % DPPH -1 %358 7t
J& TR B pH. BEAINE Ry o A A5 2140
[RIMIZ5E o

it ity ) o REL JOR 5 174 [T U1 Ry 2 50 M UL
2 6. MR PNy AR R R AR B S [ AR R
[FIAFEEAR B OG-, ARAUEE AR P<0.0001, BB ZAR
e S 25 AR [T A o — I 247 AT 20, S it
R AR R AR A i A R R B HE T A pH(A) >
s TR] (C)>REAS Nt (B), H. pH AR ] X R H
1 2 52 (P<0.05) o ZRHUII P=0.0586>0.05 A~ i
B, BRI R HET . FEASAR AN, i R R=
0.9889, IIEHUAHE R, 7=0.9747, HUMIUAE R, =
0.8518, FLAERIGEME N 21.07, AR 5 E63
B R BT, TT DA AR IR S SR A 7458 Shy S 1) TOT
ax I

F6 KA RG220
Table 6 ANOVA for peptide content

BRI FHFM ARE ¥ FlE PfH

orii) 3754.26 9 417.14 69.35  <0.0001"
A 1794.01 1 1794.01 29826  <0.0001"
B 7.76 1 7.76 1.29 0.2934
c 46.18 1 46.18 7.68 0.0277"
AB 1.42 1 1.42 0.24 0.6423
AC 53.88 1 53.88 8.96 0.0201"
BC 0.98 1 0.98 0.16 0.6985
A? 1654.45 1 1654.45 27506  <0.0001"
B’ 83.29 1 83.29 13.85 0.0074™
c? 29.96 1 29.96 498 0.0608

B2 42.10 7 6.01

PR 34.41 3 11.47 5.97 0.0586

B 3796.36 16

El 6 Hels EHWL R B4 BRI AR i A8 BAE FHXHRH AR
ErEFE, M 3D g B 4SS T A, pH FNEGE
B TRDAR [ e B e e, 20 R R B A, B 28 2 IR AH G
B, MR EAT W 520 (P<0.05) . AAEIH AT,
(2] e Pl et P ] Ay v O SRR, MBS I e 5/ s, Bif
% pH MIFHE, PR & 2 DI, MG
AL, B pH TS R & 5 BT
JE FBE. [EE pH. BEESIIE A o0 A AT REFR 24
FII4E1E . Wang 45290 ZH¥E 5 i 205 FR R HE —
4. 2R (trichloroacetic acid, TCA) A] &P & &1
INMAE R, JA A T RHEE /KR R T, 28 7K AR
A B/ NI R B L BE AR e A B i Y R LR bR
I, P FE BB AR IS P BB, AR R BT
VARSI - ERNI Y PSS W
2.3.2 BIEIRES 456 e L T T UL ST,
S RNFEBHHSECHIRTE 37 °C, B L 1:3(wiw) Y
ZAFT, UL DPPH- & s R ALK & 2 35 i KA E M vF

Pl 6 Ikt A v 5 DA 3R A8 e o T ]

Fig.6 Response surface of various factors in peptide

content model

MrFebr, T B & ARG B UL T. 22 pH3.64, [if
AN 4197.53 U/g, BE@EFA] 5.01 he S5 SR
M ERHEAEIE A pH3.60, BEASIIE: 4200 U/g, fig#nsta)
5 ho FEULSA R T8 0E IR 615 2] DPPH-1E R
T KB 94.96%+0.15% Fl1 88.42%+0.23%, 5T
MIME 95.27% FN 88.64% JC i 3 P24 7 (P>0.05), &
BHTONAE 5 S B = (A Sl G ATr, AR n] 17,
24 BEBFRIESERER T

RIS 7 BE T W AT S AR VR 2 B 1R 2H
BEA 5T, XA S BRI, 40 R B0 B 2 3R &
R FFH(P<0.05), XHAEBEAMMWIEAT,
X il 2R SR _L AR AS B 0SB A T K,
AN 2K R RO T IR &A% . &Y
SRR 0 2B M iE R O D et 5 2 R R Y 2H K
JEHN MASBEA B YIRS BT AWFFERM, P fbic
RAFEPUEACAEF B4/ MO R PR a3
FRCY F T B i S FEMRD, Wi B 1 2 A eE LA T
Ja 3 HA 055 F RS RENSAE S F AR &R
5, BT A A 3EAE R N, RBLH —2 Y H AR 5
AEJ7. MFRHTA] DLE BB S AR iz e R & &
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Ay 0 2 e TR (P<0.05), Bk PR SR &
i S BL IR SRR 1Y 44.88%, i /K MR A BRI A7 TE B
Y5 NGy T RTERR A 22 T s gk, ik 5 ok gk
Zil 5031 N PR o N TV ) e N i L S [ DR
YEFH, XA DPPH- o S BRAVEA .

T BTSRRI IR AL AL

Table 7 Free amino acid composition of samples before and
after enzymatic hydrolysis

PO X (mg/ghE i)
FHMFE —— - —
X5 it it e i R i3 R R
REE R (Asp) ND ND 0.42+0.02°
A2 (Glu) 1.24+0.08 0.31+0.02 0.85+0.03"
225 R (Ser) ND ND 0.12+0.01"
HZER(Gly) 0.60+0.04 0.15+0.01 0.25+0.03°
20 %% (His ) ND ND 0.18+0.02°
FR (Arg) 1.28+0.20 0.32+0.05 0.32+0.05

Ja MR (Thr) ND ND ND
[E=VAVNEY) 0.64+0.08 0.16+0.02 0.35+0.03°
Jii &R (Pro) 0.48+0.08 0.12+0.02 0.13+0.02
i &2 (Tyr) ND ND 0.2240.01°
SR (Val) 0.52+0.04 0.13+0.01 0.24+0.01°
ER R (Met) ND ND 0.26+0.03"
LR (Cys) ND ND 0.52+0.01°
SseE R (1le) ND ND 0.13+0.01°
S (Leu) 0.68+0.12 0.17+0.03 0.72+0.06
KN EZ (Phe) ND ND 0.32+0.05"
12 2 (Lys) ND ND 0.28+0.03"
B K = LR 2.32+0.12 0.58+0.04 2.15+0.21°
JuS iy 5.40+0.40 1.35+0.10 4.79+0.24°
T XTREHF RS ARE SRR ST BT W17 <+ Fon 25 R 2

(P<0.05); NDZRIR A H 5 X135 5 R AR & ek i i AR AL At S
K EIARFR LTS o

2.5 BIEAAESRR R EA S IMENEMITN

Z AN [R5 F 5 1 20 43 HoA A R bt A ik i
J1, 38 H IR ST N Z2 A He T4 R
HA R BTEALRESIDY, T3R5 HoAA 1 =S Pis
AT VR I LH 55, A5 D Bl = ) A T i — 2 1 4l
b MBIEFEARFIHEAH A 57 F BN, 5 AE 5
T RO 5353 B, HAA TR S R S, )2 N
HFZMAE A5 st AESF R
TEAF R IR BE Ry 2 mg/mL B i A AL BE T UL
2% 8, KA H1r B <3 kDa #H43# DPPH-, ABTS"
THBRAESIAN FRAP ¥ 200 T HALP-™H53(P<0.05) o
Onuh 2P 5T & BAL, 5K 4-F KA Eb, /NG IKE
AR TS A IS SR, 55T
—3, %TF <3 kDa W PLEALLEE F7 ik, YEHRIZ
FRATIEA TR ST 53 A0 S P A e oE .
26 MK FERH

JRGyF 1 53 AT BEAE S 22 IR 43 B i A X B2 v
RREE, Jo I LR S A b AR AU EE e b . SRAHEIRK
VR AH 22 Gu LG BE S (35 vk AR T 1 o J G R 4
— RV IR B B VK (SDS-PAGE ) 2 BEAS 58 ERf

8 UG A FLL S rb A AT
Table 8 Antioxidant activities of different peptide fractions
after ultrafiltration

/¥ DPPH-T5ERfE S (%) FRAP(umol TE/g) ABTS™THERAE J1 (%)

<3 kDa 66.55+1.41° 30.72+0.47¢ 56.80+0.51°
3~10 kDa 32.39+1.63° 17.48+0.26 35.31+0.44°
>10 kDa 21.55+2.50° 16.46+0.26" 24.08+0.19°

TE: FISIARNG TR 28 5 3% (P<0.05)

HAAR IR Z2 IR A5 03F EJu Bl AR XS & &P, [® 7
SHEAH TSGR, i i R E XSt R IR ST
YU WL 9, Hidh<3 kDafZH 5343 T8 90 Bl S AH X
FECM:3000~2000Da(2.48% ), 2000~1000 Da(8.87% ).
1000~500Da(18.70% ). 500~180Da(55.44%).<180Da
(12.56%) . MFRPEHETT AT H#<1000 Da (45>
F1ik 86.70%, FRBHEHFHREEEIR, 2B T 2T
ZEAK. Samaranayaka %5037 35 HY, KEEEYIRIEIYHT
FEALAKEY ST AL T 500~1800 Da 22 [d]., ERKIFTE
T 3T 4 A 25 1 UR DL A AR AR Pt 3R BH 4F oA 500~
2000 Da MZERRIHA = T2 IRPi A LEe 1P%, H
AT 4 TS A BT A AL BE T30 5 H AT e B
YIFEG,

W YEAH (AU)
et e e
O——NMNWWEABRAOULOO

SQUNOUNDODUNOUNOUNDOUNO W

1722362 - 10.891

A (A (min)

K7 R AR BERE (i 1]
Fig.7 Gel chromatogram of the peptide from chicken lung

®9 XA TR A
Table 9 Molecular weight distribution of peptide from
chicken lung

5y (Da) BT T 23 Hod g i (%)
>10000 0.77+0.12
10000~5000 0.36+0.03
5000~3000 0.820.15
3000~2000 2.48+0.14
2000~1000 8.87+0.32
1000~500 18.70+1.56
500~180 55.4442.69
<180 12.56+1.21

2.7 LC-MS/MS BXFIESHE 51

SR Tk —2 BB XS il A AR IR 1 S SRR )7 B
P | S P B, IR RPiE ke 5 H 2 m)
FUARE C 2R, XHE 8 S RS Al kA T LC-MS/MS JF
B A, S ST AN 5 B UL IR 8 Ak 10, fiff
TR, KEZBEWED ALK T 5T 500~
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1800 Da, Hi 2~20 PNEIERRZHA . A 10 FPEdEnT
1, XSt AEA LRI IR B 48 K532 T+ 700~1800 Da,
FH 5~17 e 3L . BT BT RSN, £
FR B BT E AN PR 5 B K T U R R 1Y) E ) 2% VITAH
Ko BiKPEZAEE F 2417 Ala., Pro. Val. Leu, le.
Trp. Met Fll Phet**', B K M 2 IE IR 3 A 72
FAE RS B AR B AEH B DA 3R T AR B, s Ak
B S5 Nsrst: A s ALt DPPH- A EAEHH . X9 itidc
ALK R B R B K g ey, Bk ER B LY = 50%
FY R BEE ik 60.97%, 5<3 kDa 1 4H 43 HAT Heim il
DPPH - /& 5RE ST AHRT I .

SIEIR PHES )T 2% IR B 1 P S AL BE 17
Az BT 2 g oK M S IR R P Y Val, Leu, Ile.
Ala JEHE Val Al Leu HELFE N um b, JIKBEE =
LS bR LRE ST, E 9 RIFRRIAS ]2 2k
PR 5% FEAE KB N 35 (C i) 19 H BRI, N s 1 B

2022 4F 5 H
RT: 0.00-70.00
25.17 40.70
e S
90 2303 \25 39;413]29373 4092 ‘
22.93 0.96 <

85 583 I 41.01 61.35

0 | 418

i i 2
B 6 2..49“ H‘”

q 60 It A

E?‘_‘-» 55 22.3«:“1‘“ .‘H !
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Fig.8 Total ion chromatogram (TIC) of peptides
from chicken lung

RIS FENLZ N Leu, Val, Phe., Lys, C SV H BR
PR FLBRFREL: Arg. Lys, (9320 23E 20 4
BREE N oL T Val Fl Leu, (53] T N i H S

10 FYSTRRAL R

Table 10  Analysis of peptide composition from chicken lung

FF5 JiiNg2l Kz Bk R L (%) 5T 4t (Da) JBifi L (m/z)
1 SSPTALLGVHMR 12 41.67 1267.67 634.84
2 FTVHMR 6 50.00 789.39 395.70
3 LYEETRRLVK 10 20.00 1305.74 653.87
4 LPWDLK 6 66.67 770.43 386.22
5 LLVHMR 6 66.67 767.44 384.72
6 VQHEELPLPLSK 12 50.00 1388.76 695.39
7 TSFGDAVKAR 10 40.00 1050.54 526.28
8 LAWQLK 6 66.67 757.44 379.73
9 VAWQLK 6 66.67 743.43 372.72
10 FAVKNLDNLK 10 50.00 1160.65 387.89
11 DLPWFR 6 66.67 832.42 417.22
12 EPSSNMPWFGK 11 36.36 1278.57 640.29
13 LVVHMR 6 66.67 753.43 377.72
14 VVVHMR 6 66.67 739.41 370.71
15 LVKNLDNLK 9 44.44 1055.63 528.82
16 FLVHMR 6 66.67 801.43 401.72
17 VPFLPR 6 83.33 727.43 364.73
18 FSFPNR 6 50.00 766.37 384.19
19 KLDWNLLK 8 50.00 1028.60 515.31

20 TSFGDAVKRADNLNK 15 33.33 1634.83 818.42
21 FGVLLR 6 50.00 703.43 352.72
22 VINWDDMEKLWHGPCK 16 37.50 1957.88 979.96
23 KLTTPTYGDLAHR 13 30.77 1471.77 736.89
24 TLAAPHVFR 9 66.67 1010.56 506.29
25 LLWGVK 6 66.67 714.44 358.23
26 LLDNLK 6 50.00 714.42 358.22
27 LLWLR 5 80.00 699.44 350.73
28 LLWQLK 6 66.67 799.49 400.75
29 VTSFGWVKNLDLNK 14 42.86 1619.86 540.96
30 KPPTDPSKVR 10 40.00 1165.64 389.56
31 LWGKVGR 7 42.86 814.48 408.24
32 KMGDANLDNLGALQK 15 40.00 1628.81 815.42
33 NGLLARHR 8 37.50 951.53 476.77
34 LLWLR 5 80.00 699.44 350.73
35 MPWFK 80.00 707.34 354.68
36 QTSFGDAVKNLDRAK 15 33.33 1648.85 825.44
37 QLQAWEKANHR 11 36.36 1395.70 698.85
38 GFVGWR 6 50.00 720.37 361.19
39 FLWQLK 6 66.67 833.47 417.75
40 LTVHMR 6 50.00 755.41 378.71
41 LTSFGDAVKNLDNLTNK 17 35.29 1848.95 925.49
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Y 48.78%, UEHHXS bt A LKA R F Pt

71, Dong 2PV K BUASR] B & FEMR IR 3 HA AN[H]

MPLEALRE S, &R FRIR S5E G T2 5 =15

A FIEE KB Y IRBE AR PE LR (Glu., Asp) |

P2 EL MR (His, Arg. Lys) /03¢, B Ub#EMN TSFGD-

AVKRADNLNK ., VINWDDMEKLWHGPCK . KM-

GDANLDNLGALQK %5 ik Bt T T X8 fili Ak — %2 /14

BRIBJFAE ST . ILAh, Zheng S5 8 ABTS - HUTH 5

{5 Cys 1 Tyr A%, FHLF EXSAY ABTS 155k

fie 1 5 kB LYEETRRLVK., VINWDDMEKLWH-

GPCK. KLTTPTYGDLAHR & X,

H B
0.5140
0.4112

% 0.3084
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Fig.9 Heat map of amino acid frequency of occurrence of N
terminal (C terminal) of antioxidant peptide from chicken lung

3 g

AWFSRIME T MGl FEAS B 45, b B H s &
H2/ 14.00 g/100 g, i& A3 TEEE . B BRI R S0
BAE T 5N A R AR XS I S e A IR B FR
TEBRBE ST FMLAR & A9 pH. B [RIFIEEAS NG . 7EIE
Fegith AR o e O A B R T2, AR
pH3.60, BEFES NG 4200 U/g, BEf#EITE] 5 h, FEMLS&
M F A TEIER S Y DPPH - 15 S SR AR & 4590
A1 94.96% Fil 88.42% . X filifitfir J b /K P LR
B W N(P<0.05) . AUE <3 kDa BYZH 45
(EZ/ AT 180~2000 Da) Fra AL BE J1 i . WK
B FH &5 5 b 7S X i JOR st 7K P 2 2R TR 4 25k L >50%,,
Val, Leu 5 N Ui H BRS5 3R 1) 48.78%. 4 iR,
it it i) 25 O RS il AR S iR 5/, B AR oy,
BT A5 R A B2 Sy PR S5 B 7 i i A5 2B s P RS 3L
HFSARIR AR S

S STk
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