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OPTIMIZATION OF ENZYMATIC HYDROLISIS PROCESS
AND ANTI-FATIGUE EFFICACY OF MIXED ANIMAL

PROTEINS

ABSTRACT

Protein is an important substance to regulLate the physiological function of human
body, people need to supplement sufficient amount of protein every day to avoid sub-
healthy state. Studies have shown that therapeutic Baoyuan decoction can nourish qi and
blood, enhance immunity, which is attributed to the fact that the beef protein, crucian carp
protein and pig's hoof collagen in its formpLa are rich in antioxidant amino acids and
branched-chain amino acids, which have a variety of biologically active functions;
however, its specific mechanism of action lacks of exploration, and most of the current
research focuses on the preparation and extraction of a single protein peptide and the
exploration of its function. Therefore, this study will combine the modern food processing
technology with the conventional technique of Baoyuan decoction to explore the
preparation process and efficacy of mixed animal source protein peptides, which is
expected to provide a theoretical basis for the comprehensive utilization of animal protein
resources and the exploitation of functional foods.

In this dissertation, beef protein, crucian carp protein and pig's hoof collagen from
therapeutic preservation soup were used as raw materials to prepare hybrid protein
peptides by controlled enzymatic digestion technology, and firstly, principal component
analysis and uniform design were used to determine the optimal enzymatic digestion
process parameters. Secondly, the antioxidant activity of the mixed animal protein
peptides was evaluated using an in vitro chemical model, and on the basis of which the
anti-fatigue efficacy was evaluated using an animal model of exhaustion swimming, so

as to preliminarily investigate the mechanism of anti-fatigue. Finally, the stability of the



antioxidant activity of the mixed animal protein peptides under different environmental
conditions was investigated, and a compound solid beverage with anti-fatigue effect was
developed. The main respLts of the study are as follows:

(1) The enzymatic hydrolysis of mixed animal proteins was carried out by adopting
mpuLtiple enzyme compounding, and on the basis of which the enzymatic hydrolysis
process was optimized by using principal component analysis and uniform design. Six
proteases were selected to hydrolyze beef protein, crucian carp protein and pig's hoof
collagen, and the hydrolysis degree and total antioxidant power were used as the
evaluation indexes, and pineapple protease, neutral protease and flavor protease were
identified as the optimal functioning enzymes for each of the three kinds of animal source
proteins. The effects of enzyme addition, enzyme digestion time, enzyme digestion pH
and enzyme digestion temperature on the enzymatic hydrolysis of mixed animal proteins
were analyzed, and the optimal values of each factor were determined by principal
component analysis as follows: enzyme addition of 1200 U/g, enzyme digestion time of
6 h, enzyme digestion temperature of 40 °C, and enzyme digestion pH=6.5, and finally,
the enzymatic hydrolysis process was optimized by using the homogeneous design of
experiments. The respults showed that the optimal enzymatic hydrolysis process for the
mixed animal protein was 43.12%, the total antioxidant capacity was 0.0792 mmol/g, the
reducing power was 0.4415, and the organoleptic score was 32.15. The amino acid
content of the mixed animal protein was rich and the composition was reasonable.
preparation of functional peptides and the development of novel health food.

(2) The antioxidant activity of mixed animal proteolytic hydrolysates (MAPHs)
was determined by a comprehensive evaluation of four in vitro chemical models using
reduced glutathione (GSH) as a control. The resuLts showed that the reducing power of
MAPHs was comparable when the concentration of MAPHs was about 5 times that of
GSH; the ICso value of MAPHs for scavenging DPPH radicals was 2.64 mg/mL; the ICso
value of MAPHs for scavenging ABTS" radicals was 1.40 mg/mL, and the ICso value of
MAPH:s for scavenging hydroxyl radicals was 6.34 mg/mL.

(3) A mouse exhaustion swimming test was performed to investigate the anti-

fatigue efficacy of mixed animal protein peptides (MAPHs) and their mechanism of



action. The resuLts showed that: the gavage of MAPHs did not affect the body weight
and normal growth of mice, and there were no toxic side effects; compared with the
control group, the administration of MAPHSs also increased the liver index and the thymus
index, decreased the spleen index, and restored the level close to that of the normal mice;
the duration of exhaustion swimming time of each dose group of MAPHs was
significantly increased compared with that of the control group (p<0.05), and was 4.45,
1.75, and 1.84 times higher than that of the control group, respectively. MAPHs
significantly reduced (p<0.05) the levels of LA, BUN and CK, markers related to fatigue
and energy metabolism in mice; the antioxidant enzyme systems of all groups were
restored to close to the normal level after the administration of MAPHSs; the levels of pro-
inflammatory factors in all groups of MAPHs were significantly reduced (p<0.05) and
the levels of IL-10 were increased by 11% compared with those of the control group,
respectively; and the levels of IL-10 were increased by 11% compared with those of the
control group, respectively. levels increased by 11.22%, 45.17% and 56.03%, respectively,
compared with the control group. Therefore, the mixed animal protein peptides may exert
anti-fatigue effects by replenishing energy substances, eliminating metabolites and free
radicals, and maintaining the homeostasis of the internal environment.

(4) The stability of antioxidant activity of mixed animal peptides was explored,
and based on this, mixed protein peptide functional solid beverages were prepared. The
respLts showed that: the mixed animal protein peptides had better heat and acid resistance,
and poorer antioxidant activity under alkaline conditions; Zn** and Cu** significantly
reduced the ability of MAPHSs to scavenge DPPH radicals and ABTS" radicals; the order
of the effects of the three methods of sterilization on the antioxidant activity of MAPHs
was autoclaving, boiling and pasteurization; and the antioxidant activity of MAPHs was
better maintained after in vitro gastrointestinal digestion simplLation, the antioxidant
activity of MAPHs was better maintained. In addition, the optimal formpLations of anti-
fatigue solid beverages with mixed animal protein peptides as the main functional factors
were as follows: mixed protein peptide lyophilized powder added at 2.20 g, Chinese
herbal powder added at 1.70 g, stevioside added at 0.05 g, rosmarinic acid sweetened

glycoside added at 0.03 g, and citric acid added at 0.07 g. The resuLts of this study were



summarized in the following table.

In conclusion, this study utilized the method of muLti-enzyme complex enzymatic
hydrolysis to obtain hybrid protein peptides with better antioxidant activity, which
provided certain theoretical technical support for the preparation of hybrid protein
peptides. The results of animal experiments showed that the hybrid animal protein
peptides could replenish energy substances, eliminate free radicals and maintain the
homeostasis of the internal environment, thus having certain anti-fatigue efficacy. Finally,
based on the above research resplts, a compound solid beverage with anti-fatigue
function was developed. It provides certain theoretical basis and experimental foundation

for the comprehensive utilization of muLtiple protein resources.

Keywords: mixed animal proteins; enzymatic hydrolysis process; antioxidant; anti-

fatigue; solid beverages
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A I AR S Y B 9 57 W o PR R R B 57 A E A - J2 s 57 & 3 B
TN FLBR AT PR R R A 57 ARSI i) & & BT, AT TR LB 57 K BE 8 4] FL

v IE IR ER B EEEISEIHLAR A AR R IOT. fR oA A g JIE 15 /)N B AR I R
E%,Eﬁn AR D v ) B SR A DN SR g S vk I 1] R 2 = T B AL, R
S MAL . MRRASERENTEAH, KRYE A s R 57 Y5
FEVR A IR SRS 2P 57 D2k iy I 10055 NG it 5 JYTE F /0N Bl R 1 5 B I 2
H, SR RIS RN RAEE) G F PR R R FLIR & = R T XAl X
R W A I A5 20 R ML 1 BR RIRE RS BRI S5 P I 5 |, Hf— e U o7 1
He

1.3.3 £ WEM IR S A E (L 2 (B0 KBk

AT 22 AR 76 b R W A P E P IR 15 B Buie 57 I D, @ i /N )
%m%@m%ﬁﬁiﬂiwhﬁﬁﬁ@E%ﬁmﬁwmo#M%¢mN@H%*
PR, TR IS S0 4 o xfE A 2af BIAS (] /0N B A ) S AR 1R A A 22 e ] I
IRMERIE G — A MbRdE, Rk, ARIEIE 57 R AE NI LA B 1T 2 A A
PEIKBUIE 57 ML, B FE N ORI T ANERIGMR AN S &0 B 3, &R A
R S SRR RE &, TR B FRAIRIA NI 57 I I & &, EARAME AR 32
BURIE e iERRE H B DPPH H HHEERIPUAR i Sk g g 5166681,

HATE 55 R AENLRI B SRR B H AT 78 N BN E Rt 5T I,

T H HEEX YR R R, HAEDU 57 BOAH OCHIT 78 i 345 1 A B A 22 3



BRI ORTEE . XU, R 5T A R A R G S PR A AR e 2 (8 (1Tl
FENUAABEAT KIS TR 5 9 B8 (A5 3N e T 45 2R, B0 E Hh AR AR P ik et
TR 70 BT C A 2 M A IR R AIE SE R N B pr A s PR AT 57 1 H
flan, L5 KA E E O G, KIBER A NEA B RS R A
BT EE RS, W LURE IR /N AR E S B4 SOD. GSH-Px 1k, A
PURTPER . 28 ERTR, WU RAE VR A0S PR BRI U o7 1 I, K2 48
A R SR X PR VEREAT I 2, AR AL B — 0 LA
ERS NIy DM ve SR PR EX NI DK NSRRI TRV E S

1.3.4 Hulk 55 & M BRRO R AR AR SR IR

U7 Ik A AT 2 R T an Y, HhshYeRISasstyn . ko). iR K
B Bt B DLSE, MIEYSRENGEEH . RZ. AZ. Z. BK RE
INFEAEER T B N HRIEAHETE SRR T B PRSI, TR TR A
£ 25 P o BRI N IS B B ORIERT 7LD o BRI, #R TSR M RHUR fil
B RS AR B F) 2 A Rt S 0982 55 I P AR AT ISR 7 AT il
e 0 - A R ARORT R B 7 i e 3R ) L B R B A i

A A 2V 2 52 35 K S SR B AR 1k BB T 00 57 £
HITF . BV NS B B H IR . PR AR WG AL
DTN IFE ARG RN S IRUCRE, B e 45 R R BLZVORME — e 2R _E T DA 2R
/N A B JE AR RS R, PRt LR S, B RIS R
TR g U8 AR K SR SRR AR i ok S JEURHR & il 46t T — Fh s Ik ok, 18
Ao /IS B T PR TR R A B H 2 B HAT U ST R, SR 4 R ER ], IR IR
6g/d HIREE ZH /I BT 22 i UK N 8] S8 35 s 1 2g/d BSER 4L, JF HEEXW IRAIE K 1 3.3
min, JXRYE KTk BA — IR 5T E o RBETRIRN WA FE & 1
Sk, 8 Sk LR A @B s M Y S, RIS KT BLAR D SRV
BEIEE R IR ARG 2 WA, SR ZRLIR P LA DL K ATP AEffiBE Ty, 2
F BRI T SR BLOR /I B ST RN A 2ERE [R5 (KT, AT 2 1 DU 55 1
B3, 4ia HATE N KRR, RATRIL R ZHOE T ARG 57 1 H AR
RIEFE, HIRBRIZIG AL B0, AR R A AP B2 R A DR AT SR U IR
FHIR G JEHIPUR ST ER],  RIER FEAS R A VK AR & 1F F S 01 A i AR



BT AR B T S 7 LA N IREBEAR I 12 75 3K
1.4 KIARBAREXNEFERNS
1.4.1 AR BRIFENX

HAT, BEEREORMHEL, AMIMAETFE T ARG, I B 57 3
RAFOBORMAE I . 2 AATRIE B ST REIR W DR, A A R G2, R 2T
WA FORAS, HEEMHF AR E . 2024 FEhR— S0 RIJIRIEMEE

Wtr. BRI, fnfar i 6oy i 77 2o S 4 R o7 SRt B 0 B A
WA NAEBE N EED R, ERE SRR SEE ZZRA, Ak
BER ARG EEANTE AL 05 I8 ot AR 2 dnif sl . PR BT ROCIA RERS 42k i
RS G I TT, R BUARNATT B0 ML A B TR B AT B B2 Aa 7 ROR, AT A
W A, HECT PR E A AR ORI E A A 2R ThREE MK,
PAR R E SR E N IR . AT AN =M E AT, KBS
fi 24 A% B A SRS VE R DU 57 DU RE MR BL, PP R B 57
R D REVE B b, s ER A BRI ZR &R 90 96 VG L

25 FAT E A Bt gT, BRI K 2 Bk T 8 B IRPUIE 57 1 T B A 2%
WEFe, HJFURLRIEE R B, iR D 2 A A KR St R & R 13T
W EH, IR TEAS R S8 A= YK B 28 6 A PO T 0 5 A A A R A0 B O £
REMFFE AN B AR 2 #5K o [, SRAITREIR G 2h i & B AR BT
T AT UKKIEINEh P08 1 (10 SR SR & A R A INE, JE ey RIum o7 ik
R BRI 0 56 AR IV

142 KRN EEAR

(D fAERAMREL: G b HEE, HErtEalkE. 265058,
ARMNEEE . XWRE B, 352 & O AL E a2 B N E e iR
IR BRI IR A 1, DA AR (4 7K fife BE AR i U 84k 0 i & FR B 07 10 Hh = P o
AR

(2) RENWER A L Z R0 K LR ORI =Fh & 5 it
TR, YREVEART 2R, 23R EG EA R SRR+ 1
INEEE . EEARIIA) L BE AR B ATBEAE pH HEAT PRI BB, AR BEEEA R A5



B SER IR S 3R B REAE T2, % R i B A 40

(3) BRSNS AT PEDT 7T J@LiE IR 77 DPPH H HIZETHRR =
ABTS'H HZE{H Br R AR EE B tH3EFRRIX 4 PASMUARER, Siigsa iy
iR & sh W B B AR I AR AL 1

(4) BN RIPUIR 57 DRSO 7E . RS e 2 ML S R BT A4 32 319 577 1) /0 B 77 3
P DKABEIR 3o/ B 77 3 i K R 8] A0 S /s BRLAAR 57 AR BRAE AR AR (ISR
PR WIRTNE . BRI & &, o I PUALEEM JORE N 155) SFEAT I E
X BRI RO DUIR 55 DIRGAT VAR, FRHID IR 0 A A I B o

(5 RENMEAPUEMRNFE T B TIRE. pH. &BE T
AW BB H SRR G 3 E B RS E AL VE R R R AR 1 DL,
B E IR & sV 8 A KR N ZhREVE A7 B0CE & dh i IR R Tt DR 552
PR S K .

(6) YU o7 hREPEREAR DR T K. BEE 1 LLIR & s W) 8 A kO 32 22 Th g
7 AR DORHEC T, SHCRE R B IR IN R . TR 2R In . A AR NN
B PVURMH R EAMF RN E AT 7k, fle W R R ThRett 2
R AR o

1.5 Bl T SRR ER %
1.5.1 BlEh s

(D ARRETRITRITE, KROUCEEME L0 T I, IR
AR AR, e T RonA E R Uy M ER S, N BURIR T
AN BT ) 1R BR A Rh i R, 0T8N VL

(2) ARG R AT AR =R E A AR RS
AN AN R, W HE RN T T 2MIEMH, B2 EA s
PO T DI Z IR, N2 RE A RERE A R AR R AL . RN, A 7efG 2 1)
B A BRI RANRERR, TR, v ER FAEZE ™ RLHT A (R vk (] LR 1t 1 fi
Y
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£2E ZMERHERESIIERBMERNIZMNL

b E DR CREBORAYRED, o8 A 5 AT By i AL 2 DA S T etk i, &
BN BN T R B B B R 2 — o SRbFEN, Gl nl R B R ) % 2
REVE VE IR 4 ONIE R OB Fe i s U8 700, K s DAL e ey S PRI
R 5y PSR AU O ] & B SR PR BRI S 7 ik AR T R — K, 2 A
A Mg R A AR AT S B, PlinmE R Al B RO L
2 TR B TR ORI Y B 1 Bl S RO YR REE B I 2 IRAS %, JRAE— e R il
IKAEREVSSOL, S A Mg AL B s, JRA D TRK. S ERMAE S EL
IR o, TR B & F R & TR E AT AR 3 515 3 1 325120,
B H g Ja v IR BT R el M I R R P B AE TS VE R BL, RN e i 2
R 2H R e T R B B R

HAT, KERI> T3 A BRI s Bemt 7e 2 02 DL — SR AE SR, RT3 e
Bgfl LZMINBEMEIER], RIWA KT 2 RIENE RS VIRIRT FCIR G, A4
THR—EH, BEEANZERA KA S B HEAE AMET K. FET I, A6
TSI T — R RUR S Bl A Mgy 2, AR 1 Mg AL ER (O PR SR 11
HARHEAL, MBI R AT TE. MA 6 Fiir bR A IR E A
M0 e R RS G U iR B BEAT R, UK AT B DTSR BE J1 N P S A i HY
HERREEHEER, JFAEMCIERL EARF I 10 B R AT B, 8 R R
LI BETE SERAR T 2 B B O BANR S SR e D2 %A

2.1 SRR S {5
2.1.1 SEFaM

AP, FEEE. A, T E PR R R XK T it E R (200000 U/g).
WEEAM (600000 U/g). AREAEE (800000 U/g), bR ZRFEERHTAMRAF;
HEEAR (120000 U/g). FYEEARE (100000 U/g), L#EFEM AR ERA
Al KBRS ERE (150000 U/g), Bl i ENRHECAR AR SdidEi ) (T-
AOC) Kl & (ABTS fihRi%E), Abm S iRAEMEARA R A A



2.1.2 (LK

< 2.1 SEIG{UEEFARE

Tab 2.1 apparatus and equipments for experiment

SR ) S
NERITR AL e R V91 EFRHES A R A
PR VR oL TG-16 U N E RS A IR AT
Z D REEhR X INFINITE 200 BUA A R TUE AR
S 7R ICK R 4% MRS A IR A TR A 5]
KA TE IR IR 4% SHZ-C R EST A I T IR A T
pH it PB-10 FZRIR A CEs) FRAH
BT R (d=0.01g) JY20002 g T E PR AR A R A A
B P (d=0.001g) TR R ARG R A A
A AR S X T 1R A DHG MRS e IR A A
2 Bl AERAX K1100F T i REA AR A A IR 7]
LA A6 5T DAV A AR AT PR ]

2.1.3 iR 5

= 2.2 SR

Tab 2.2 Reagents for experiment

HFK FEEER I
T hE RSN (SDS) DR R FRERHA R A A
L-& R (4L 98%) et W FRERA R A
WAHEHEE (OPA) DR b AR A IR A T
N-ZBE-L- ¥R (ZE 99%) et i TR AR A IR A
I TR FIHR TR A 27 it A B A ]
TR LI G Al FSHR T AR A 27 it AT BR 2 ]
I et i SO AR A IR A F
Bt TR AR B A A R A

et

ZH LR (TCA)

R T AR A IR A




2.2 LA
2.2.1 EEEBRERHIEE

B L Z0mAe: A, e N A5 iR TR S —~ 121 °CRE K 30 min—~#%
il 1:2 BHE EE— V75 pH {8 — N — 18R B i — KB (95°C, 15min) R H 55
L (8000 Xg, 15min) — BN _EiE W — 5 A BEAR R

HAREAED T wkAm. afg g, LRmarsk. BRp
BE, HERERAGE, BT 121 °CFEEKRE 30 min. KE5EMGE, ZEBEkLE
AHEZRIFHRE, R 12 MR E IS I RKIRA A, AT pH AR
TR B I BOE S N SR AT R N R B N, fEIREEME 5 ho £ 95 °CAKI AT
KRB 15 min; AEE=E, EO (8000 Xg, 15min) JEH LiER.

2.2.2 ERBERIEEE

HEE 6 P LRI R, EIRPEE O, ARNEAR. E8EAM. XRE
FIlg. B EOMATIEEAR, E&RMERRERMAET GIIERLE D o
A SRR R R A AR S he DAPRIE SIS B Mg /KA RE /0 B AT LEdE, AR
HA& B PRI RN E Nl R, 2SS RS (E/S) #1153 1000 U/g
HE. BEEA)E, BEEGET 95 CKBHFM T KEF 15 min; WA1JS, £ 8000
Xg ZMTEL 15 min, I EER. CLBIUAMLEES (T-AOC) FI/K R fE
(DH) AVFAN T bR LU B 1 BE MR AR, 40 308 H = b 3l W B 1 7K e 1) e £
EASI

7 2.3 EEMREERESH

Tab 2.3 Enzymatic hydrolysis conditions of protease

Wil InEgE (U/g) pH RE T SRR T Ch) R E (wiw)
T 1k 2 1 il 1000 9.0~12.0 40~50 5 1:2
RN F B 1000 6.0~7.0 50~65 5 1:2
BaEAll 1000 5.0~8.0 40~50 5 1:2
R 2 1 1000 7.5 50 5 1:2
W R 1000 6.0~6.8 30~45 5 1:2

rhPE R A 1000 7.5 45 5 1:2



223 EAEEREANBAREZSN

HH T 5P i i gk AN B KA E LR I 3 8 T 7K 1P 2 ] 2 e I A
PEUIIERE AR, T2 G S RS AR R S 4R EK T . R R DL S AR AR,
PRI R FH 22 I 52 TG A OR TR D B B B AR () A A2 o XTI R PR I g L )
WEER pH AT R 25, LUK . S IE R E VR TR bRLR &
iR G 2 R ) 5
2.2.3.1 HE BN E R

W'E 800, 1000. 1200. 1400. A1 1600 U/g FLAN/K N &, 7B MR
50 °C, BEff pHEAN 7 26T TREME S h, DKL, RPTEdbRe . &K
BIF AVEI FERS, R B & .
2.2.3.2 [y (Rl E

WHE 1.5, 3.0, 4.5. 6.0 f1 7.5 h AL/AN/KPRIBEMERT H], fEHIREE 1000 Ulg,
BEMAIREE 50 °C, BEfE pHE N 7 ISR NREATEEME, DLKMRRE. Sbtefbag
W JE JJFVEE VFor AV AERR, DAL BE AR TA] .
2.2.3.3 BEfAIRE R E

WHE 30, 40, 50 F11 60 °CHYAN /K HBEfRE S, 7ENAGE 1000 U/g, BEfE pH
HN 7 26 TSR Sh, DUKAREE. SPUELRET) . E R E RS I e
b, AR BRI
2.2.3.4 ligf# pH €

WHE 6.0\ 6.5, 7.0, 7.5, 8.0 LA/ HIBGAF pH, {EINEEE 1000 Ulg, AR
HREE 50 °CII2&fF RS 5 h, DUKARRE. RPUERES) . IR T VE 5 AVE
riabs, PACEF#E pH.

2.2.4 5K IT

FERT T B R B SO0 25 L I it b, SR Ol e . W AR R) | TS0 AR B AN i A
pH TUANE R, S UsSHII S it R AT, FHM =K FATLR, FH
MATLAB7.1 A& 577 %, SRR anER 2 fos.

% 2.4 ¥ENRTEREKE Us(59)

Tab 2.4 Factors and levels of Us(5%) uniform design



BRI (°C) B R pH B ARET I Ch) hnlEE(U/g)

LIS
Xi X2 X3 X4
1 30 6.5 6.0 1500
2 35 7.5 4.5 1200
3 40 6.0 7.0 1000
4 50 7.0 5.0 500

2.2.5 K fRFE DH HINE

Wt OPA VRN R & 30 A AR 07K R REY) . 1207 1E R T OPA 2k
FESRBEATAER, KA v B . ¥ SmL ) 20%(w/v)SDS W~ 10 mL Y 50
mmol/ L OPA HEEE# . 75 mL [ 0.1 mol/L MIERZZ ¥ (pH=9.5) A f 10 mL ¥
50 mmol/L ZPhEE-F AR AKEHIR G, 193] OPA 7. OPA LA, If
TEAE FH BT RE Y63 HE 60 min. K 1.2 mL OPA 3575 10 pL B RS = 10 min /5,
M5 FAE 340 nm AEHIROGREE . DL LSR8 B hniE b AT dn et 2R 22l . FH 6
mol/L [ HC1 7E 110 °C N /K fif 25 USRS 24 h 5 Rl e o S = LM B & . DH Y
THEA RN s

o — _(NH)1x—(NHp)7o
DH/% = (NHz)Total—(NH2)T0 * 100 ﬁ(ll)

A (NHo)r AR 2 3 &8, pmol/mL; (NHa)ro A ARBEHEAE
WERIEEE, pmol/mL; (NH2) o A F LM I E RN S E, umol/mL.
2.2.6 BHEN(T-AOC)EE H1BYNE

Z IR R PTEAFE I (T-AOC)KHA T & (ABTS fiARE) HEATME. F ABTS
VERAEAFNEAATRIR S, FBIRBOCER 12 h 5, FHZREKEG HFB 30~55 5k
ABTS TAEW (A734=0.7+0.05 803 A405=1.44+0.05). ABTS TAER SHEMIEE S
IR 40:1 IR ELAR NN 96 FLAR T, =A<, /NOIRS], KRN 5
min 5T 734 nm 53 405 nm AW EEE . L Trolox JNARHE i 22 il A 7HE HH 28

2.2.7 IR IR E

%% Sampath Kumar®1 5 1L IR0 2028 . FH 28T /K S il — 52 B IR B 1Y) e
W BUEAFEM 2 mL, ESEIA 2 mL B 0.2 mol/L BEFRERZE 1R, DA 1%H0%k



FALHAW, IREWAGE, BMIBEWET 50 °C 154 N &R0 20 min, FHN
A 2 mL10%[#) TCA, #A&J57E 3000 r/min [JZ5F T 20 10 min, FE 2 mL _FiEHR
5 2 mL 817K L& 0.4 mLO. 1% S AL BRI N, 10 min J&5 € HAE 700 nm AL 1)
W SEAE OD700-

2.2.8 EREBEHRE ITM

Z M GB/T 29605-2013 (B 73— & a2 BrE = 3 0) 1 GB/T 12312-
2012 CRE AT — RS BUREE I E i), B E BIR A TiE R A R AR
FEPIEAT IR B VPN U . B 10 2 T PEE N R RE R A AR L R R R
4 NMBPREATCE VR, PRI MR AAT Sy, TS 40 4, IREVPARUHE AR 31
Sol, FERKEVEN AT, XHPe /N TRIER, R ARG A S A
MERR (0.4 g/L, FHRR5EREE, 55 0.8g/L, HMREREE, 10), DR (1.0 /L, fERRGR
B, 5; 2.0g/L, fEBRIEE, 10).

* 2.5 REFMIRE

Tab 2.5 Standards and stores of sensory evaluation

U fR b VEor i VA (43
e, BIHEY, T 8~10
S PR/ i, WAV, BUDTEFR 5~7
BEEEG, GrER, BEZFIK 0~4
PIAFRIRAR, oA Rk 8~10
Ak WAERIRELR BRIk 5~7
TR, A YR 0~4
BEDRIRAR, B 2 Rk 8~10
gk TR, W R 5~7
Tk, ToRk, A PR 0~4
To R 8~10
ELS WA R, T LA 5~7

BRI, MEAREZ 0~4




2.2.9 R FRESHINE

KA S SGR A B E AR (HPLC) #HAT IR A 5 1 B AR IR K 2 T & /0 A0 1
Mg . WAES T 10mL AEHS, HRSAEREEZIEE, #8745 Smin, 205 HM
FLIS PRI I8 . BERE R SR (a4 TSKgel 2000SWx1 300MM*7.8mm;
MM ZBEK=R <8, 40/60/0.1(V/V); Il . UV 220nm; ¥ 3% -
0.5mL/min; #Eid: 30 °C. 7 F = B IE #h & By A 5 dE 23 0 2« i 3R
(MW12384); Ik (Mw6500); ML (Mw1422); L2 IR- £ 2 RS 2 1 -
IR (Mwdsl); CRIR-CHR-2% 8 (Mw189)

2.2.10 FEEZLE BRI E

HER AR BUIR & 2 B AR T-FE Al 50-200 mg, IIAKFEE . A 1:1 5
Prafihie (49 6M) 10 mL, [FEFHHRFEMANEA 30 s 5EE, BT 110 °Ciliiss
HK AR 22-24 he KRS RIERFAEI R IR, B 0.45 um I EEH] 50 mL %
BRI ER. W 2 mL RGBT AR EHATIR, R
45 °C, BEEMEMEAE S EASIRBEI NS R . B 2 mL BRI 7E 0
VR, B 0.45 um ESRE RS BV T ALy SriEE: 20 mL/hr,
RBE: 10 mL/hr, 4 B4 Na Z4BH & 7R AR EHTHE, K B4 200 mm*4.6 mm,
SLOMEMPE K 570 nm. 440 nm; R 55-65-77°CREFTHE, RNAEEE 138 °C,
BEFEE S0 L.

2.2.11 BEIEAES ST ot

AR IRAT T 3 ROPATSRES, B E Segn i 45 SRR F P S 4En
PRt 2= T kR R . HUbIFRE, A SPSS 3t A7 2t 1 22 R At 4345 A
77 2453 #7715 (ANOVA) LAk 2 A SAESIT ¥ 2R RHFK
47 43 M2 (principal component analysis, PCA) 73 # #L. Rl & SE 46 #o¥s ;. K H
MATLAB7.1 A ATk vh 3515258 {8 A4 Origin 2023 #4174
23 GRS
2.3.1 &RERBBINIHIE

HIE 2.1 Ca) WIRH, BB NS AR AR I E 1, LM AR R K A L AN



BPERE DB R EEER (p<<0.05). MNSLILEKE, 58 E QBRI
DH fe# s, N 71.23%, HUCHEGEAM, e Eaiin e & & o i
THIKIRE 5 3HAD 4 FhEs ARSEERC K RIE Z R 8% FR, 3R AR
¥ T-AOC & & T 7H4h S ME AN, Zia/KMEMSIUER IS R, &
P95 B R BN A R B B AR 1 S R, HET S S i L2 AR .

HHE 2.1 (b) w60 b B R DH A T-AOC B8 3 1 i KM,
5398 70.79%7F1 0.1038 mmol/g, HHAMHAXTLL, BEAEEMEZER (p<0.05),
PR b 308 36 1 B AR D ) £ R TR I B I . I 2.1 (o) IR, SEEER
R R BT T-AOC (EBAS T AR NEE g, B m T ey, HH DH{H
BERTHAN A E AR, N 29.13%. Bk, ZiEHEH MR G,
M A3 XU B 1 A DA 0 s 11 o 7K e P Tl

- DH(%) - - .
& ;T-Aoc(mmollg) 005 100 [JoH (%) 012
a [ T-AOC(mmol/g)
70 a a
0.10
0.04 80 |-
60
b
b = 0.08 =
50 2 Y
_ 003 60 - ©
g g g £
< a0 c S < 0.06 g
P d &) T O
[a) cd le) [a] d le)
- d 002 g 40 <
- 0.04 =
20 ¢
001 20 d
002
10 |
o L 0.00 0 0.00
Wik E AR AMEAR ZSERAM XREAR BYHEAE RO WALEAR ANEOR ZAEA/ RORECOR RO HEEAR
E{SLEIbELES HABEI AN
(a) ANFRIE ARG A E AREFR DH A T-AOC fI5EIR (b) /IR 2 A B ol 8 £ 2 BRI DH A T-AOC FIRZM
35 - [ 1DH%) - 0.018

[ T-A0C(mmol/g)

0 .
AR IR AR A E AR PURE I RO SR O
E=LEEES

() [ 2 [ g 0o 4 % 4 1 BV DH AT T-AOC [ 5%



& 2.1 7~ EIE BB =i & B EE##ZR DH 1 T-AOC KN
Fig.2.1 Effects of different proteases on DH and T-AOC of three animal protein hydrolysates.

e ARG ERREER B (p<0.05), HAREERFLE
232 EREMRMN AR RSN

ARG E O S GRS AR R IR R BEMER . BEARIE AR pH
BHAT R RS, DKM .. BPEEE 1. EFE SRR E 0 NI FE AR,
SE LA

PCA & —MEBERMM L, EEBAFIIRR T ZMEHB . PCAM
SATIREE, I 2N BGOSR TR PR AT FR4E AL 3, M4 2] T JLANAH
FAEBARABATI SRR A T R 40 B ae a2 7 10 32 ooy IR 7088 891 o R PCA 43 it
TRA BN B AR T, R AR T AT B — VP FR bR S A AR AN A T 1
REYE T A IR, JEPTIE T B RO B FR RRT i 5T PR A 45 R AR e O
ZMJmﬁﬁiﬁ%%%%%

R 2.6 H, FTRUE BT =A E R BT 05 Z 0Tk E 5 508 73.280%
19.799%F1 6.889%, —AF Lo HF R R ZTTEREIE S| T 99.968%, FKHiL
HUR)IX = A 3 o B P & S T 7 95% M J5IA(E AR R, Buk#E =1+
AR TR LU A& Y

PCA 35155 R MR HFFE ) & 5 R E R IEAT VS, OB T & ARARAE 32 ik
SRFHESPY. MR 2.7 WAL, £ ES, BRI EE S
bt 5 N B 3 0 S BT, 1200 U/g INEE B3B8 0 fm, HUE 1000
U/g F1 1400 U/g HIINBEE, X ] G2 KA S IR E U0 e, B 5K R,
P i R AR AR D 7K e PS5 NPT 8 A v 1 B o I = P S T G s A Dk B —
R, BE TR S SRR ks, By I R, BR ARV BB EIE IR,
ARAIRME . TR R SR B SL IRV IR R 2 i, R4 KA R, B
A A Wk IR T AT R B A IS L, IR R T B ETE L, R
BB 1200 U/g B UL

2.6 FREIMMBERENIEOBRERRERERT S HRELTE

Tab 2.6 Principal Component Analysis Explains Total Variables for Quality Indexes of mixed animal

protein hydrolysates with different enzyme additions



A TR As

J 7
0 FFIEAH 7 TR % ST TR/ %
1 2.931 73.280 73.280
2 0.792 19.799 93.079
3 0.276 6.889 99.968

*® 2.7 ANEMEBERAMESBBRRBIUERGREES

Tab 2.7 Comprehensive scores of quality indicators of mixed animal protein hydrolysates with

different enzyme additions

InligE (U/g) Al 1 Al 2 A5 3 ZE/Y
800 -0.3847 1.0676 -0.5003 -0.1050
1000 0.2773 0.8632 0.6532 0.4191
1200 2.1921 -0.6953 0.2063 1.4829
1400 0.4614 -0.4822 -0.5786 0.2028
1600 -2.5461 -0.7533 0.2194 -1.9998

23.2.2 BEfg et A R F R E R

K 2.8 RAFIEfE RN 5 30 8 E B SR bR A o AT R AR
H% 5.1 ofr, IZRRREREFE =TT, HAHEEY 3.288. 0.674 M
0.037, HEHHETHREFIET] T 99.986%, FREFRKN=ATWO)HFES TR
IR 99.986% 15 B, AR I RIR G EEE . RIEE 2.9, TR H4E
W, Mg R B, BRI E R E A . IR, B SRR
AT, BRI IS RS, IR, Kt B st 5 s A= 4
VA T PR AR AT R B 5 . 4B ARIT ()l 6 hisf, Z8&%5 8 DH. T-AOC. i&J&E J1AN
WEVE AR, HEGa/™mieE, Nl fEIkdR, Bk
THI, IR AR IS [A] () YE N 3~7 h

7 2.8 A EIEGHERT EPR &Y E AR BERER T TR TE

Tab 2.8 Principal Component Analysis Explains Total Variables for Quality Indexes of mixed animal

protein hydrolysates with different enzymatic time

PR SR A

L%
FFAE(E T7 TR /Y% Rk E /%



53228

S A S
185y
FFIEAE J7 EE TR % R TTIRE/%
1 3.288 82.200 82.200
2 0.674 16.851 99.051
3 0.037 0.935 99.986

*® 2.9 NEEEMRAELRE S EBBERRRER RS S

Table 2.9 Comprehensive scores of quality indicators of mixed animal protein hydrolysates with

different enzymatic time

RE AT 1] Ch) P71 BF 2 BF 3 LREAIIY
1.5 -2.0290 -0.6093 -0.2131 -1.7725
3 -1.6493 0.2086 0.2933 -1.3178
45 0.7669 1.2869 -0.1098 0.8462
6 2.3185 -0.7844 0.0684 1.7743
75 0.5929 -0.1019 -0.0387 0.4698

2323 B EERERBLER

H13R 2.10 AT ol %, 76 [F)G AR UL P55 VR 5 3 ) B 1 AV o P PCA H
WA ERSH TR E . =AF B FRHEE 7508 3.390. 0.493 A
0.116, H R ETTERRIESR T 100%, XRR AT EFEE T RIHE R
EHE R, LM R B R ORGSR O B PR bR . AR 2,11 W]
ySIPR Y SURIEIS NS ﬁﬁAwmmERME@,#ﬁKMMMJm@ PR, #ENY
NEJEREE S50, BEARIEE N 40 °CHE ) SRR S 515 o dem, 183 T
1.6591, AEMEHASEL. 75 40 °)CLEAR, EAMEENAERT, HEmEt
Ak, WK EEA R, AR T BRSO T, e LAt T
PRI K AR B2, HT AT VE AR XU . 5 R 0 50 e S S AR AN SR A, A
JE SR A B SeEe R R AR IR FE G Y 30~70 °C.

#z 210 T EEEEE REEIMELBBRRRIERER S P ITEELATE

Table 2.10 Principal Component Analysis Explains Total Variables for Quality Indexes of mixed

animal protein hydrolysates with different enzymatic temperature



FSRE/VELE S

185y
FFIEAH 7 2R % F TR/ %
1 3.390 84.759 84.759
2 0.493 12.335 97.094
3 0.116 2.906 100.000

*® 211 AEBERERESYECBRRRIIENESES

Table 2.11 Comprehensive scores of quality indicators of mixed animal protein hydrolysates with

different enzymatic temperature

B fARIELE (°C) DH T-AOC Nl SN
30 -0.1926 0.6521 -0.4001 -0.0944
40 2.0595 -0.6832 -0.0785 1.6591
50 0.5071 0.5576 0.4237 0.5109
60 -2.3741 -0.5265 0.0549 -2.0756

2324 85/ pH 2 R E R4 R

B3R 2.12 24 rT N, fERGME pH R RS, @B FEMaHF, HEE
FEAE 53 24 3,139, 0.754 A1 0.099, H R iH77 ZTTEREILR] T 99.806%, FKHIX=
AN F R R F LTS SR S EAR ARG B, 7T DU B JE 6 AR & S AN [F] i
fift pH V& Sh W) EE ARG AR Al 5T . ARHE R 2.13 WA, 1E 5 BB pH LR 515377
tr, UEGEE pH v 6.5 B, IRAZIVIE ORISR SR AR mm, BH T 2.0990,
NEMBHESE . RGBT pH v 6 F1 7. HENJFRH, X 7T HE &R
M pH RN 6~THE, =M ARG TR, FRYIME MR, T RS R
MIEEANER; Y pH W mly, EABPAN, LEERWEERPL. JEgR, 176
JE RIS SR SRS T, WA pHIEEURYEE N 5~8, RV T A BRMEAALE.

% 2.12 TEIEME pH R A EAMBRRFIERER S D TRRLATE

Table 2.12 Principal Component Analysis Explains Total Variables for Quality Indexes of mixed

animal protein hydrolysates with different enzymatic pH

PR S
b%)
FHIEAE T ZTTRE Y% SRR /%

1 3.139 78.475 78.475



53R 2.12

S A S
185y
FFAEAE J7 EE TR % R TTIRE/%
2 0.754 18.845 97.320
3 0.099 2.486 99.806

% 2.13 NE)EeRE pH B &3 E LR RRFIERESES

Table 2.13 Comprehensive scores of quality indicators of mixed animal protein hydrolysates with

different enzymatic pH

B pH Al 1 Ay 2 A5 3 ZE/Y
6 -0.4906 1.3321 0.0769 -0.1335
6.5 2.7160 -0.1335 -0.2851 2.0990
7 0.6254 -0.0775 0.4368 0.4889
7.5 -0.9335 -1.1031 0.1021 -0.9398
8 -1.9173 -0.0181 -0.3308 -1.5146

233 R AERIEMAIIYSLINER
FEIEER 2.4 Wt R R KT SEL, S AL AT DH. T-AOC. ik 5
FIFEE U R 2.14 Fion.
3 2.14 Us(SHP 518 T SRR A

Table 2.14 ResuLt of Us(5%) uniform design

DH(%) T-AOC(mmol/g) wE S RE VRN
D4
Y1 Y2 Y3 Y4
1 41.20+3.86 0.1137+0.0082 0.381740.0174  24.23+0.77
2 43.5145.60 0.033620.0052 0.3439+0.0058  26.27+0.82
3 45.35+4.83 0.0344+0.0022 0.3849+0.0030  28.73+0.78
4 39.75+3.29 0.0279+0.0012 0.319240.0076  23.83+1.38

233.1 &M )ampfLeyit A

Hi SPSS Zr Mt xs e 2.14 IS Rt SEB KK . S PiEALEE . IR
TIRE YA a8 R AT k2 BB D M Hr, BRI AN (2.2) ~



2 (2.5):

A; = 1.617 — 0.0973 - X, — 9.856e~° - X;2 — 9.408e78 - X, K(2.2)

A, = —0.1927 — 0.002196 - X, + 2.8055e* - X, 2 + 1.5977e77 - X,° X(2.3)
A; =0.2821 4+ 1.866e7° - X5 - X, — 2.926e78 - X,2 X(2.4)

A2 = —74457 + 2.612 - X, X3 + 0.0337 - X; X, — 0.073 - X3X, X(2.5)

2332 MHRRE T

I A FA R RECER WA, BAEERT 95%MH, R*>0.3809, MIHIHEZ
P A& . TR 13 4 MR AHSC R4 R 7399 v 0.817. 0.817.
0.875 1 0.815 #i KT 0.3809, FUk 4 NEIEAFTFERAL. [FBS, SAER%E 51
IR REL R 0518 0.749. 0.748. 0.847 1 0.746, HIHXFMN I R2AHIT, P8 4 A
BIETFE B AR E . Mo, SR IR v i 22 5 0T . S 560 1550088 1 T S (E AR B B
NT10% (FESCIG T VIR ZIEHE N, X RELA 10%), Ui 77 FE BA nl
FEME.

& 2.15 HXRBOH

Tab 2.15 Correlation coefficient analysis

bRt T BRI
TR R R? % R?
HIRZ R?FE  F ¥Hig dfl df2  SigF ¥k
1 0.904* 0817 0.749  0.0323153  0.817 11.921 3 8 0.003
2 0.904* 0817 0.748  0.0369664  0.817 11.894 3 8 0.003
3 09352  0.875 0.847  0.0119087  0.109 7.844 1 9 0.021
4 0.903*  0.815 0.746  59.4075429  0.815 11.782 3 8 0.003

2333 xfEEEM T T AL T

B R T 2233, 8t MATLAB7.1 4efeit 5, 4iitEid e Bie
HP480 11 HHLIE1T . X1 FIEBUETEE N 30~60 °C, HEEFE 1 1HE—K; Xo MEUESE
Fl oy 5~8, HEIAIRE 0.5 tFHE—: Xs FBUETEE Y 3~7 h, &k 0.5 tHE—: X4
EE G N 500~1600 U/g, &R 50 tHH K. Yi~Y4+ 7 FEE i SPSS # kit
FEIES T EARSRL WARXER)~ARA(5).

BT 45 AR U B ARIR B 43 °C, BEfF pH fEH=6, BEMFHIIA 6 h, INEFE
1200 U/g N Mg T2, i B0 7R & 3 8 B BRI DH N 44.86%, T-



AOC 4 0.0715 mmol/g, BJE T4 0.3967, BEETE N 34.1667. FEi%EEMRAIET
BEAT 3 IREGIESEES, IS DU FEAR AP SME 70 ) 9 43.12%. 0.0792 mmol/g.
0.4415 1 32.15, IuFsCInst R GBS AT, WEB S SLIR BT il 5, IR
HEWIE AR T2 RS %,

234 BAERBBYN Y TREDH

-~z

RESWIEAKMK D TROAAINER 2.16 . HETH, ZEEEE RS
S E AR — RPN T RE/DNT 2000 (97.35%) IS4k, PRt 4
T BEAE 2000-1000 Da 7> YO E N 0 A KA 70 F 6.43%, 7> T & AE 1000-180 Da
I 273 A 5 BN 78.86%

R216BEEEEARND FENT

Tab. 2.16 MolecuLar weight distribution of mixed protein peptides

7 FEEHE (Da) FEX (%)
>2000 2.65
2000~1000 6.43
1000~180 78.86
<180 12.05

2.3.5 R A ohYIE BB RERER ST

MBS0 1 R RV 2 I PR T i 1 o e A ) /N IR R R i At
FHORBINTAEYD, DRI 2 A G R P 2E v B A P P KR I 9 2 LR . R 2,17
FAEL AR, SRR O JEA RIS IR A S Y CL B Y, HE RS &
F 5, HFHESTLTFAER. PUAIEEEER . SRR L RREER .

EIROEIRARN H, (FR2 AR UMD TR B & & S AR T 38.11%,
HoER & B, HIRERER, XRWIREG S E DB T 0 R a ik
RoEfE, MEKe, RABESNERME. AER. RAR. RRARERKE
THMBAEARE, RNy REER W A LR A R miae, A
B iR m PR s . SO R IR R AT R R IR B & = L ik B T R
SR 17.33%7F1 9.95%. X IR R IR BN 1 G2 s VR 57 17 AE PRI R
MRS, FOGERThRE, XRUNRA SIS O A BG5S 3l 5% 57 138 1,



NG T S Bk R AR AL T B AEA . AR SRR LN RIS IR G sh P B A e
Yy, HEWREERSSTEN SN 69.92%, H A pefrk LR S & & thEik
43.34%, WEIRZEIERR IS B AR B BN 26.58%, HA B R EER AL
Mo IXF[RERAER DH BIIHOLY, BRIKE N el C et —35 7 i ik
(Mw<1 kDa) FIif B2 H0R, A BT B4 it Sk 52 i A R BRI . A FEAIE
W, SRR BN S R E BRI H A — AR AR E P, R 2,17 WA, e
FIBE AR B A s L R A R AN R, DR = B A e B R R
R Ao
< 2.17 REI RN S ERRE M S

Tab. 2.17 Analysis of the amino acid composition of enzymatic digests of mixed animal

proteins

W IR S E (mg/mL) TR BRI S E (mg/mL)
RERR 77.555 R EIR 43.205
IR 36.496 SRR 60.049
27 IR 33.071 %R 21.54
BHER 106.856 F NN 33.503
B 62.955 HAM 30.512
WER 52.356 TR 72.335
R 11.633 KRR 56.252
AR 36.966 s 53914
HEAMR 29.356 — —

FE A 818.554

WER S 311.91 (38.11%)

LR 140.22 (17.13%)

FlE LA 81.408 (9.95%)

EETR S S 354.765 (43.34%)

kI 217.605 (26.58%)

%Bblt

T CHEREROETER. A RMBEAR 3 M EERN G E; PR EEROEHER. BER.
A5

R 3 MR AR S & SHREEROFERLEAR. BEAR. HAR. NWAR. MARMENZIR 6 f

REE; WRARREBAZR. BEAR. HER. SEBRNBER 5 M2 ERN & &.

HEUJI



2.4 RE I,

AT TSP Tl A A B R A R AT e A R R i
HERMEMACR, W BRI AR PUEA T, Tkl =R R B S H

OGO . A5 R ZMER T SHEE MW E A TR, HIERRE
IR A5 B 3 B AR AN SRR R A B B BB L AT R,
ARG RANT

(D F R3S & AR R T DH {EM T-AOC ffE, 51~ 71.23%F1
0.042mmol/g; 4 1 AR D) DH A T-AOC HiAE| TR KE, /5N
70.79%7#1 0.1038 mmol/g;: %A 7 A B I PN PR FE AR Ja I B XUk R
AR AR B 110 B R 7K A FH 1

(2) AREEAE GRS R R RNy . B AR A AR R A
fit pH HEATERRIRSLL, DUKMERE. SPTEALRET) . IEE R E o vk dia
b, SR ER AT E SRR RIE S R INEGE 1200 U/g. BRI (A]
6h. FEfFIRE 40 °CRIEEf#E pH=6.5,

(3) fERFREMEEA , 347 Us(SHI S BHAL, FENRENRR 22
%, @it MATLAB7.1 SwfETHE, WEiREG 3 E QRS EREM L2008 MR
¥ 43 °C, E§f# pHE N 6, BEMANTE 6h, MNEFE AN 1200 Ulg, HEHEMET, BE
VE A BIKARRE N 43.12%, SPUEMEEJ108 0.0792 mmol/g, &5 7174 0.4415,

REVF N 3215,

(D REDIMEAMILVFEE T ANETHRTE 2R, HOE5ER T
N 818.554 mg/mL, HHhFEEAERR L 38.11%, SCHER MR AP AL

B NIER T EIEREER 17.33%F 9.95%, EREILERS & 5Lk
43.34%, TIREIEEIRH SR AR AT 26.58%. Hit, WENYE A K
WUEFRANE, RIS BAT R4 IR AR

H¢>



£ 3 F R AIE B RRRHUE 55 T R LHIT 5

R 57 W E B A IR Z M it e, AT e — e, HEBURH &
Aoy 1 AN R R AR B2 ek 98 57 ) R AR AL, I se I JBURE R S s R 57 AR SR AR
WP IHERR Ul s A IREERRE R AU H BRIE U RV s T
KRG KW P IRZHFERY, FURN B RO A R B2 51 e 5y ™
AR EEFE A, A B m R A s s 3 R R E AR, SLENUAN
HEVEE MR TEAZM, MM FBUE I S a FNUA R a0,
PUAAIEVE IR — 20T DU A P K 73 73 S8 Ak B3 R A N B 35 D 8 ) A v
PEIK, EREIREPIEMYI M RGNEE ST, BHIbIE i FE A o B I AL RO 5,
—RIEOL T, BA PUEAGE R IRA U R B HUEAE T, & B g IR
(B ECHARTEE,  andi 57 TP,

BT EAKRPIPUE T G IUAMEE Z SR, AR T ik HEIMTE
R (U35 DPPH H HZJERRE . ABTS™H HIEEERRR . R MR H
HRZD TPMREE AR PUEATE T, S8 )5 H SRR HBu 55 Do T i
E, I AR IR S B AT 35 P05 5 3 PR ) 0 B I BRRIVE VS AR BT B, 4>
T U6 VR & B 8 K BT A A TR 577 Th R AT PR

3.1 SR MRS5S
3.1.1 #%}

A, ARG, BT KR R X R R KT, EVET, kR
8 SN NE, SFERERE G 121 °)CFE 2R KH 30 min, F% 1:2 FiE Ll
IMNZE TKBERE 5, 1R85 & 2.3.3.3 /NG QB S B uAL 5 1 i A B AR
TEXRE Y E DT R AR EE, KRR LA 8000 X g IS0 /150 15 min,
B _EiE AR RIR A Eh R A IR (MAPHSs), KHETSA KR TEREET 4 °)CIKEN
TRAF# o

WA, W E T E KR R X KR T, TERR T, BRI,
PERRBE, NN RN LB FKIBEYAE, IMANHEARE AR, MrEE A
A PTN6.0 ERECH L E AR, 15 E/S=0.68X10° U/g & A, [FNTE t=3.8 h,



T=51 °CHIZAF T HHATHEM . K BEAR LA 8000 X g (15,0 JJ 850 15 min, HX FiER
R 75 3 5 1 25 (I IK(GCPHs), W ESWIETIRIGE T 4 °CUKHR N G-A7- 2% F B,
FRAEXTIG: P2y, TWE T V8 2 Sl siea R A
SCESANY): SPE umEvE AN, 6 WS, T E PSR R MR A IR A F] .

3.1.2 (U BRI
%< 3.1 SERG{UEERFAMEE

Tab 3.1 apparatus and equipments for experiment

B2l e I
% e EbR Y INFINITE 200 BRI A IR TUE A 7
3 R AR KR B RREST A I T TR A T
K E IR IR 25 SHZ-C MRS A IR A TR A T
pH it PB-10 T PR (bR FRAF
BT R T (d=0.001g) YP15K-1 g T E PR AR A R A A
A AR S X T 1R A DHG MRS e IR A A
LA JEIE A AT MAERAT FR A 7]
AR RT IR ESH105 KK (FED FHEAESAIRA A
PEFENL K1100F VU E R A IR AR
e R B AL DZ47-60 D16 V) 1] & RS A PR 2 7]

3.1.3 5
3.2 SEWIRF

Tab 3.2 Reagents for experiment

E2L i JiE SR I

IR et BT R R Tk
Eeagia: e B R AR MR AR A IR A T
TR rifréd JIHR TR A 27 it A BR 2 ]

DPPH e I 24 5 A 22 R A R ]

I et E AR AR B A7 PR 2 7]
ABTS e A 3 i R A PR ]
LT R et JRHR TR A 27 it A BR 2 ]

HAMYIE AL (SOD) & AR U B AR ST

BWEH IR BB (GSH-Px) A AL P A ) TR T



GRS U AE "%
AL ERE (CAT) TR & FEAE AT P 5 A ) R BT
HB (MDA) Jl5E il FEAE AT P 5 A ) R T BT
R R 500 5 k) AT P 5 A A RRATT 5 T

IL-6 AR BEAD

IL-10 AR A

TNF-o, AL b ERE|
FUIR I 5 R AT IR ZR TR AR A
PREEI e WA & AR 5 A ) R 5T
JUR BRI 52 1) EAG AT JER ZRE R A PR A

3.2 LI A

3.2.1 MAPHs {&4MRE B TENE

FamuwagunP e R F 22 AN R SR I e FF S I PT A TE . [RIG,  ad e A il
MAPHs K& )5 /7. DPPH HH%. ABTS'H HEMEI A HIEIEGRR, ZE58A
MAPHSs B FMUENTENE, FFEBFEA MK (GSH) 1EAxt 4.
3.2.1.1 3&JF 7l &

I J BN E 7R S 2.2.7.
3.2.1.2 DPPH H FH 2535 bR 2R 110

Z M8 Nasri®) 777, 2R B AEE S H 95%ZFFRCH] 0.2 mmol/L
DPPH VK, FHZEACKAE MM N AR BERAE, #E5 I 2 mL DPPH JG £ %
I T EOGIRAE 30 min, T 517 nm AL E BOGRE .

DPPH [ 5B ER (%) =A- A Ao

0

)x100 x (3.1)

A
Ar: 2 mL FER+2 mL DPPH-ZFEEA W T 517 nm [RGB

Az: 2 mL FE5+2 mL 95% ZFE T 517 nm WG
Ao: 2 mL 748 /K+2 mL DPPH-Z.FE VAW T 517 nm AW % B,

3.2.1.3 ABTS"H 3 iE R 11l &
SRR RO 71k, EHIER EREEIE 0. I EERCH] 7 mmol/L #) ABTS



W, 5 2.45 mmol/L i B R IA RS ABIIR & 45, BOLKE 12-16 h 5 H .
¥ 3R TARWH FEER R, TAREIAE 734 nm PEKAWOEE N 0.7£0.02. HZEH
OB RE RN R FEIIR AR, B 0.5 mL #E4, AN 4mLABTS TAEW, iRk
6B 10 min, 7 734 nm A AL TR G

ABTS H HHAEERR R (%) =1- A

AOAZ)xloo #* (32)

v

Ai: 0.5 mL ¥ &+4 mL ABTS £ 734 nm [ 5

Az: 0.5 mL #f+4 mL FIEELE 734 nm FIBOGRE

Ao: 0.5 mL FfE+4 mL ABTS 7E 734 nm FIWOGE .
3.2.1.4 2k B RIS BRI E

75 T 72 00y Jy i A B AEAE . P ZR TR AKCRE R S A B A TR BE o
BC1 mL A5, RN 1 mL B 9 mmol/L MR WA W~ 9 mmol/L /KIHIR- 2. 1%
AN 8.8 mmol/L HoO,, VREIISIEIEZ IR T XM 30 min, 510 nm 3 KA MWK 5%
I3
Al; A2y 100 K (33)

0

FREEH HIER R (%) =A-

A
Ar: FERS3GAE 510 nm ROGEE

Ar: AFESIETRAR BAE 510 nm OGRS, PLZRTE/KARE H202 16T s

Ao: ANFIZRTEKAEFESAE 510 nm GRS .
3.2.2 MAPHSs ¥ 7 i 33
3.2.2.1 SEIG /N R 43 H AN R 57

SEIGILIREL 70 HEME KM /N, WIFR T35 . /NBRAEEAT 4 52560 2 B
o 7d SR CLE N RS . BRERSE, JtHEEE, &% 4 R/, BHIRE, W
BN BRARCRL, ARKR A w A 7RO [ S e A EE ST g JER ) 3k PR B OE E ) )
RPEEAL N 7 H, FAH 10 R 7 @onlh: FAEME. MIEH. s Ak

(GCPHs). TivES 4. REHEAKKER =4 MAPHs-L). JBA 5 BkF 77 &4



(MAPHs-M). B&HEAKEFEH (MAPHs-H). 7EIE4:D s d, %7%
WIHESLMESE 28 d, BHHRN 1 K/d. S AAALEEE, St IR 4L/ B gl 15 A
K, R AMARE S EaE A 1.5 mg/(g - d), FEFESHBHES 0.6 mg/(g
“DFUEESH, RFIEHR/NEWFES 0.15 mg/(g « DR EERAZIK, HhilEH
/NS 0.5 mg/(g=)FREHEEA LI, SrEHN/DREES 1.5 mg/(g « d)
REEAZIK.

3.2.2.2 HH J iUk S

B BN 77T B 9 57 e £ LI — PRI, ARG 7 vE A A AR )
SEH . PSR . M RIS B S DS i DK S . R g v it Dk S e AN
AR, HIERERWL R B HLAA IR 57 PR AR 10,

FHNRAER G — K% %5 30 min 5, #HCE TR T OKiR 251 °C,
KR 35 em) YEiK, BEEDBRITAKIE 10 s FARFL, 1ER/stTingE. 0
/N B R AR TR 2 g s AU T (I [R] . 7E /N BRUEKIRIE], D T ORUEH — EES),
BN RIS . R, AE /)N BRI A7 B AR 5% 22
3.2.2.3 A4 AE &R 8 B I E

TR N R AIAREAR M, FFIESLICT 28 d, RIS /N BRI AT ARFAE

JEFIE S MG R A0 o R 8 A P B R A G 28, LA B R Eul i v LR T
) e 2 BRI R bR . ANRORIRSG 2 30 min J5, 4K 1 h 5, or
hAbFE, O L BB AN R e
3.2.2.4 /NRAEAE AL SR AR 2

FHNRAER G — k%2 30 min Jo5, HHINE TIkFEH OKiR 25£1°C,
K 35 em) JiEvk 1 h, FHHH, SCHEERBRM, &0 (3000 1/10min, 4 °C),
I 37 % A A7) A I L PR R A BUNY & & A (MDA) &, LR
(LD s DU (CROMIE T, « @SB AL EE(SOD)HITE M A H ki
ANYER(GSH-PX)iE M i EAL A B CAT) G PE; TNF-a. IL-6. IL-10 4/
K F 7K

AN TE R G, SEZISE i F A SEFEARE, S8 —FRBUHIE 100 mg, TA
BN R, B 58 B -80 °CIRAF . MR IR &l € - FE iR . MDA, CAT. SOD
Al GSH-PX )& &



3.2.3 BIELIBAGE T A
Bl ab P F 2.2.11,

33 GRS S

3.3.1 MAPHs BU#SMT S LIE M4

3.3.1.1 MAPHSs FJiB 5 77

W JE AR N BT EAA E BTRE I R bR . PR AT —E ok
¥ F it Jioh Fe*', (R BT & L. WRBEEREE, 7£ 700 nm 4b
WO GE RO, IR kel ), fE 3.1 ATLLE H, MAPHS IR 5 76 2 5
BRI Y58, XK MAPHs REBSAE TR, {6 H b7/ E h
SiamZIbEE N . #£ 0-25 mg/mL JEHEIN, MAPHs IG5 7 AL i 8 2 &
MR FRo X HHLHAT HIEMSE, BEI7RE: y=-0.0015x*+0.0877x +0.0309 (&
FH R? =0.9953), VLB MAPHSs R385 ) 7E — 58 BV FE Y0 ] P 23 Bt 2 R R i 3
INZE L KAE, H4 MAPHs (¥R GSH [ 5 f5 A4, —FH IR JE 1M 4.
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3.1 MAPHs BT R /1
Fig 3.1 The reducing power of MAPHs
3.3.1.2 MAPHs 5 F® DPPH H HZE: 1 fE
DPPH & —FhiaE i E ti3E, i DPPH [ &% 5 0@ & 18 N I Pt a7
e A PEAE e bR, £ K5 DPPH MHET45G, 76 517 nm &b LA B 1R
g, EREDEE a6, nE 3.2 fias, 7 0-5 mg/mL HIIKEJCE A,



MAPHSs X} DPPH H HI 3 1)iE KRG 18 T iy, HIEBRFR e KRG MEE, Sk R
T 2mg/mLif, HiERRE EAZE. YREREH S 5 mg/mL i, MAPHs#1 GSH
% DPPH H HIZ:TE R T B IA R 60%LL F, 43514 68.75%F1 95.98%. % MAPHSs
[¥) DPPH H HHIEIERR AT RS, BRITFE: y=-2.1358x* + 23.214x +3.5418
(BLAE R R2 = 0.9758), iHH 4 MAPHs &R DPPH HH IR ICs A
2.64mg/mL. Bk, JREBIY)E E KA UG 2 #H| DPPH H H & 1%

100 4 4 g [=oeH
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3.2 MAPHs &R DPPH B HHERI&E
Fig 3.2 The DPPH- radical scavenging activity of MAPHSs
3.3.1.3 MAPHSs J5 % ABTS"H HAE 1R
PUEAL VISR B B3E AL J1kion, ABTS™HIERFEN ABTS i R ik,

RN HD GRS T R e R . Ktk ABTS™H HEMIERRETTE NN
BB EARE 00N, & 3.3 WIEN, BEE BTEIKRFERIIE N, MAPHs F1 GSH
ABTS"H HETERRRIZHIE . 24 GSH KR E N 0.2 mg/mL B, & ABTS* 147
REA R T B KAE 99.48%, H 4K T 0.2 mg/mL B, ABTS | 2 g A 4
FAZT . 18 0-5 mg/mL KEJEEN, MAPHs [ ABTS™H HIEIH R F o ik
. RGNS ETF, 4IKE AN 5 mg/mL I, HiEHREIAF] 80.60%. XT MAPHSs K
ABTS"H B R R IR BRI Wt T A RS, BEIFRE: y = 1.8519%° -
20.302x% + 75.672x-21.177 (3UA RELR>=0.9857), 115452 MAPHs i&F% ABTS"
H 2R ICso BN 1.40 mg/mL. £% EJriR, MAPHs 7] LU 28] ABTS+H H
FENE, BABSRMBUEETE.
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3.3 MAPHs ;&R ABTS*EEERIGES
Fig 3.3 The ABTS" radical scavenging activity of MAPHs

3.3.1.4 MAPHs J5 FR 2% B HH AR (1 BE

VAN B BRI A drigsh b, SFETEA B AR A =4, Kz
B B RS PR E RIS A, FA IR A T R ) RIS RE 1), K]
3.4 ATA1, B# GSH A1 MAPHs MR RS8N, FIlkmi A i m6e /)iy
e 24 MAPHs WKE N 1 mg/mL B, XT#FE BERERRIN 5.79%; 4
MAPHs fJIREEIES] 5 mg/mL, H X3 H HIEERFEEE] 26.09%, XK H
MAPHSs %25 H B3 B A @ iERREE /), HIHIERFM TS ELE 0-5 mg/mL
TEHE NAFTEROR R . X MAPHs 1F2E [ H 08 bR 26 75 FOR FE VG 1 Py kAT 5 2
e, BRI y=0.542x% - 4.3018x>+ 14.084x - 4.5912 (& ZH R2=0.9989),
F T A AT A MAPHSs JEFR 58 5 21 1Cso BN 6.34 mg/mL.
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& 3.4 MAPHs B EEHRERRE

Fig 3.4 Hydroxyl radical scavenging activities of MAPHs
3.3.2 MAPHs /R A E RIS

/N BRI A AR AL A B8 NN THT S B MAPHSs S/ BREEREIRS IR, AN 2

R ORI IG K IE R TR b, # A R AREIR R I . Rk, A I I/ B

REBN. HE 4.3 WM, BEEEEMAIMEL, DROEEZEK, H&4

Z A ERHAHE (p>0.05). Hr, MAPHs HA1= A4, XHE41. GCPHs 41

UK PEVES AR A B2 5. ERERIAME, /N BAT NRHE I AR S 8

BOET-MITE L. 28 EATR, MAPHs FEAZ MmN R ARSI, HERFHEH.
= 33 /MERAEENTL

Tab 3.3 Changes in the body weight of mice
NERARE (@)

ol

Wk F1F 284 ¥3M 4
=L 28.82+1.13 36.67+2.64 40.89+1.91 4327+1.31 44.93+2.24
X HEZH 28.95+0.91 37.64+2.45 41.48+3.13 43.42+3.17 44.63+3.58
GCPHs 28.57+0.84 37.14+1.88 40.69+2.55 42.89+2.76 43.96+2.72
[ipe 28.31+1.46 36.35+1.99 40.49+2.12 43.28+2.46 43.82+2.46

MAPHSs-L 28.35+0.68 36.48+1.91 41.05+2.09 43.88+3.08 44.84+2.26
MAPHs-M 28.6911.07 37.51+1.22 41.76£1.67 43.68+£2.23 45.0212.33
MAPHs-H 28.46+0.76 36.96+1.09 41.47+1.60 43.38+2.02 44.05+2.24

3.3.3 MAPHSs %f/)\FR B8 R B AV 520

FPE R AR TR O I B2 W, ARSI B A A B R
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