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Abstract: Beef protein was hydrolyzed by using six proteases (protamex, flavorenzyme, papain, bromelain, neutrase and alcalase) to
produce beef protein hydrolysates. The change of ACE inhibitory activity of different proteases hydrolysates before and after simulated
digestion was compared. The molecular mass distribution and sensory evaluation of different hydrolysates were analyzed. The results showed
that alcalase was the most suitable for beef enzymolysis to produce anti-hypertension peptide. The ACE inhibitory activity of alcalase
enzymolysis solution was 51.19%, and the activity decreased slightly after digestion, which was 39.65%. Meanwhile the hydrolysis degree of
alcalase enzymolysis solution was 44.76%, and the beef protein was fully decomposed. The second was protamex and neutrase, their
hydrolysates showed high ACE inhibitory activity before and after digestion. The inhibition rates before digestion are 67.97% and 62.00%
respectively, the inhibition rates after digestion are 37.26% and 43.12% respectively, and the degree of hydrolysis is 37.47% and 36.35%
respectively. However, the decomposition degree of protein was lower than that of alcalase hydrolysate. The results of sensory evaluation
showed that the appearance, smell and taste of different enzymatic hydrolysates were not different from those of commercial products, and there
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was no obvious bad flavor, which could be used in the production of food auxiliary materials.

Key words: beef protein; enzymolysis; ACE inhibitory peptide; simulated gastrointestinal digestion; sensory evaluation
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H§ (Protamex). MPREHEF (Flavorenzyme): i
YASHEVHARAR AT ANEEEF (Papain): 4T
AV TIEERAF: EZEEAN (Bromelain), H%
HHM (Neutrase). BMEHE RS (Alcalase): VM4
UIRHA R AT 4 B e B a8 Ak T M T 4R A
AR A R A A R ERERE (ACE).
N-[3- AT ]-L- 28 A 2 - H 2 - H 28 (FAPGG).
Ba Al S Al 3EE Sigma Al K Y Al
B8 (Ol RD ). T he RSN (sodium dodecyl
sulfate, SDS). 47K ~HIEE (OPA). T 5Bl E

(DL-Dithiothreitol, DTT) %4p#rati: [H2G5ER %
HAARAH

12 (L& 5#%

UV-1800 KLAMrtb i, SRR AR A A
SHA-B fHiR#R% 4, Ll /RIBIAERHEERA
Al; Kjeltec 8400 4 HANIIERA, #lT (FOSS)
IHTAXES A F] 5 SynergyH1 Z IhRERFIRX, 32[F Biotek
ATy T25 EE AL, FEE KA AF]; EPS-300 %4
BRI HEKIAY, ¥ Tanon FHHHRAH;
TGL-16M & 20 EisA VR B 0L, WG OB A R
2Aw]; PB-10 63U PH it: & Sartorius A ],

1.3 RIF =%

13.1 &abgE ez

2SO TR R B . BL 275 nm K
WOGRE A AR, BEEIRIREE C Juishbs, 2
0~200 pg/mL FEZIRIEIIIARHEII 26 . FEBPR bR HE
% 2 g, A 100 mL 0.1 mol/L PBS (pH R4 5L
FAFRED I, AN, BRI A
e 3 BIFRBUE FBEFES 0.1 g, VAT 10 mL AHM.
pH T, PAZEMR 1:100 ELBIFGRS, 15 1:10000
FiRE LI . ANF) B I RRCE AN [F] pHL REE 264 Nl
SEMRG /7, IESRI TR 1.
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F1 NERXZXEIT
Table 1 Two factor crossover design

R H ﬂ<$~-———lﬁji————
pH RE/C
1 6.0 40
Protamex 2 7.0 50
3 8.0 60
1 6.0 40
Flavorenzyme 2 7.0 50
3 8.0 60
1 6.0 50
Papain 2 7.0 60
3 8.0 70
1 6.0 40
Bromelain 2 7.0 50
3 8.0 60
1 6.0 40
Neutrase 2 7.0 50
3 8.0 60
1 9.0 40
Alcalase 2 10.0 50

3 11.0 60

BB : 1.00 mL BRES 1.00 mL B&EE VAR
VRAT, KSR 10 min J5, IO 2.00 mL =& LFRE
W, VRAIEE, 8000 g B0 10 min JEHL_EiEW. oA
FEfh: 1.00 mL B 2.00 mL =5 ZFREIR T
FEHfH 10 min J5, I\ 1.00 mL B&EE (AR, RS
FHHE, 8000 g &0» 10 min g HU_ 3. FEAFEMML 3
APAT, FIEK 275 nm, 0 HROERE . MARiHE
2k b AR S R AR B 71 A, AN
U/mL. F b PIRE /4% F =5

N

1000

@ﬁfﬁ/(U/mg)=%x4x

AF:

A—— 4 4t KR A S R AR AR B )
U/mL;

N——H#BAZ4k, IX 10000;

4—— B RLRF| 69 B, mL;

10—— R ZATIE] 10 min, ¥A min 3.

MRARBEHE LB [F) B G ARG AR AR, X4
B A TR
132 BT

B 10 g 4-ABE, N 40 mL 570K, TaEndy
JEHLHZ: 10000 t/min ALFE 2 min. BT 100 mL f4E
TN, F 3 mol/L HCI 5% NaOH YA % pH {H. A~

[ Pl 7 G s AR 2% 1 N EA TR - %R 4000 U/g 2F
WIDANE AR, =ExiinisN 0, BT HHEEE
DK IR EAGAR, #5120 v/min, ZKAERTE 4 ho FEEAR 1
h B, IE B pH E, K HR B RHR 2 1. 100 °C
b 4 min KIFHARIN . BEFBOAH G 45 0L
8000 r/min &> 15 min, HL_ &R 4 CLRAFLAE 0T
133 /Kfi#/Z (DH) #9mE

OPA ¥: 2% ™ T RifEie . HEET
A BEARVRE AR 100 5, HL 400 uL IIAEF 3.0
mL OPA R AT LA g, 78085, BOERMN
2 min, WE 340 nm WAL EE . THEARMT:

h.. —h.
DH =% =8 2 100%

K¥:

h——2& 5040 W& A 2 69 kR4, mmol/g;

ho——8 5.4 W & & P8 S IkAE4L, mmol/g.
1.3.4 A F i Hk

2SO T RIS 45 0.500 g B R
fiE7 AR T 25.0 mL 0.01 mol/L HC1 %53, 733 B & (A
JEH: #0100 g JiREE IRRARE T L B 10K, SRIRE
HEE IR B UG AARRE & 20.0 mL, A 3 mol/L
HCI 300K pH {H 1A 22 3.0, JIA 0.60 mL 15 25 (g
W, BT 37 ClHRREG/KE, FE 120 r/min, 9
FERSTE] 1 h, 3 mol/L NaOH ¥0Ks pH {H 1A% 7.0
Z b Ak BRI 0.25 mL R EIE 5
W, BT 37 ClHRREG/KE, FE 120 t/min, 9
ARRFTA] 1 h, &3 2 min Z0EHk . THILTRAH G5
L1 8000 t/min Z0r 15 min, 4 CLRAFE, LA,
1.3.5 ACE 74| 7& Mg 2

SESCRPP W BRI S. o FRT, g
# (50 mM Tris-HCI, % 300 mM NaCl, pH {f 7.5)
B AR ALHT S PR AR 2 | mg N/mL. 7E
96 FLIR T, FEFLINA 10 L ACE VAW (0.25 units/mL,
ZLESFK) A 30 uL #Edh, 7E37 CHFE Smin 5, f
A 150 uL ] FAPGG (0.88 mM, Tris-HCl ZZ#50) ¥
Mo 2 EAXTHEA 30 uL /9 Tris-HCI 223K -

7E 340 nm #AAL, Wl ACE F#fi# FAPGG 5/
(IR FEE SRR A D (A1 P4 BE 40 min. ACE 5
TR NWOERELE 340 nm AL FREAIRIZE, MEE 10 min
FIZF 35 min [ZEMERIRG. 7ELLET R IX AP, WOBEE(S
SHaE, TESEMILS. KV ACE 1H12(%)

AA,, .
ACETW%UZ’E=(I—%JXIOO%

AF:
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AA ws—— KR RAE St 45 AR AR RIRFIER . BER R T R S AN TR T
AA so——3t FBHE SL R4 VA, W9 50 4. BEAFERTE TR OREE 10~15s J5
13.6 oFT=4% HEH, R —AMRES AT FTE KR 2 IR )
1.3.6.1 SDS-PAGE #& 15t Hivk B8 NP 3 VE N 8 45 5 PN FRAE ISR 2 BT
FREERMS: B10 g FHBE, A 60 mL 6 =2 BREITNIRE
mol/L HIJREBRFEIBMED, TEEBREYhE Table 2 Sensory evaluation criteria
10000 r/min #LF 2 min, BS.C0HL 8000 t/min B4 15 o B #4547 WO NS
min, HU G CiFEed, BHEYN, LFR 8~10
FH 25 B TR B ARRAURE i RN A= R B AR S I B ML EEREME, AR, BOER 54T
TEMBEZR 10 mg/mL. 7 ERIEESE 15%, Kb CEZBE, ATER, K55 EK 04
I By A 5%, LK S Bl s R-250 Hefh. 4 ARRAR, RREAA 810
1.3.6.2 Tricine-SDS-PAGE #B{% 7 F &2 I IR LIk Sk FRAABK, HEREABQBAA 5T
Tricine-SDS-PAGE Z: [ 27 A>*D5 130647 . H KA NEkR FOBAANL 04
BT B AR & B 1 & AR A 10 mg/mL. 47 FHRAENR, REFE 8~10
BN 20.0%, FIZEN 10.0%, 75BN 4.0%. H ;’f* BOkA mokil, R 5~7
VKGR 2% G iR G-250 Hufh. R4 WA AER 0~4
13.7 BB SERIAT, PR AR 8~10
RN MR EE N 2342 C IR E PP =53t ok SEAKK, WA Bk 5~7
17, H 8 B MEEN R (4 5 4 2O HBURETF Tk, ek, AR 0~4
ENH . RETEIRE L 6 FhEARIRRE AN 1 R Rk 8~10
IR AR (R WAL, 7 Rl SBENLHE T I ok R ok, TARES 5~7
i, XTH R, SRR T B VR, XM PR, HADL 0-4

* 3 NEZRHEDER
Table 3 Results of two-way ANOVA

B5% /1/(U/mg) pH6 pH7 pH 8
40 C 5420+1.31° 121.37+1.31° 130.26+2.89°
Protamex 50 C 70.72+3.15¢ 110.59+1.57° 108.49+0.52°
60 C 37.15+1.57 37.15+0.00° 22.99+0.52¢
40 C 18.27+0.00° 22.20+1.31° 22.20+1.84°
Flavorenzyme 50 C 19.58+3.41% 28.76+1.05° 27.97+0.79°
60 C 20.37+0.52% 15.39+0.26¢ 8.57+1.31¢
50 C 747.05+5.25° 832.29+1.31° 773.28+13.11°
Papain 60 C 621.16+2.62 571.33+5.25¢ 647.39+2.62°
70 °C 678.86+5.25¢ 564.77+1.318 647.39+13.11¢
40 C 64.96:+0.00° 65.74£1.31° 56.83+2.36°
Bromelain 50 C 47.91+0.26° 50.01+1.31° 54.20+3.41°
60 C 56.83+4.46° 61.812.10° 41.61+0.79¢
40 C 25.09+0.00¢ 61.0240.79° 67.32+1.31°
Neutrase 50 C 34.27+1.86" 73.61+0.26° 74.66+1.31%
60 C 33.48+0.52° 43.71+1.31¢ 7.25+3.15"
pHO pH 10 pH 11
40 °C 112.17+0.52¢8 102.463.41" 120.04+1.57"
Alcalase 50 C 254.85+3.15° 251.7043.15° 302.84+2.36%
60 C 491.42+2.62° 500.34+0.52° 485.39+£0.26°

E: a. b o dv ev £ gFeh ATE—HEAKRENRE pH 4B K TEEE ) 272 F 4 (p<0.05),
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1.3.8 HIEHHT

KM SPSS Statistics X fFiEATSETH 01 Origin
2019 BAFEATHIE, FFEAT 2 ABBARAE T T7
ZEFEATIS AN 27 Z2 0T M Duncan 2 5 U
p<0.05 NAAREMZER . BRI RU CPEEhR
HEED Fror.

2 HZBRG5OH

2.1 EAEWNETE Y

FSPER FARETEANTR] pH AEFIIELE NREYS /a3 3.

B 3 AT, Al —Fp i ARGTEAN A pH AN AE 2%
MBS 1 ERRE. GABREFRNE, Sk
PR () B CERE AR 25 1F . Protamex B AR 25 1F iR E
40 °C, pH 8.0, H§E /124 130.26 U/mg; Flavorenzyme
B S IR EE 50 °C, pH 7.0, BERE 117 28.76 U/mg;
Papain BHi# 261 I 50 °C, pH 7.0 Bi#E 717 832.29
U/mg; Bromelain F§ff25 IR 40 'C, pH 7.0, ¥
%7174 65.74 U/mg; Neutrase BEF 414 MR 50 C,
pH 7.0, B§E /18 73.61 U/mg; Alcalase BEf# &1 MR
%60 °C, pH9.0, E§iG71M 491.42 U/mg.

22 FREBBEEAREMMAE ACE #

e
80 OE W HALRT
oL 2 mEmELE ab
60 bc
50
40 +
30 - b
20+

ACEMHIZR / %

€

10+ ’_I_‘
o

Protamex Flavorenzyme Papain Bromelain  Neutrase  Alcalase

1 ARMEEESRRIREHAIE ACE HIHIZRITEL
Fig.1 ACE inhibition rates comparison of six protease

hydrolysates before and after digestion

E: a. by o dFve AT FMIHLAT ACE 4| % £ 72
Fh (p<0.05); a'F= b kT BMiliLE ACE #41% £ 32 %
M (p<0.05).

TERRELE 1:4 (g/mL). FRIEAILE 4000 U/g. FEfi#
] 4 h, SEEAE 2.1 FdE i ) pH AR FEEfE, I
XF B A AT 1.3.4 BAUE B THACAL B, R
Protamex. Flavorenzyme. Papain. Bromelain. Neutrase

1 Alcalase HIZF AR ABSMR (R ZIRZIAE N 1

mg/mL) {EVALET G ) ACE #HIEYE, & 1 fis.
TE SO0 pr e (N FhEE IR, Y A AR BRI
Protamex. Papain. Neutrase 1 Alcalase [FIE§f&E =)
B ACE #1228 67.97%- 53.75% 62.00%
A1 51.19%, Bromelain Bf# =4 ACE $iiiliE MR
(29.24%), Flavorenzyme Ffif =4 ACE il y5 1t i
iX (8.30%), AN[FHEEBHH~Y) ACE #2275
% o Lee SR HInE R (ARG K AR WALR ST 4E R 1,
3153 ACE #lI#fik Leu-Ile-Val-Gly-Ile-Tle-Arg-Cys-Val
FEH, AR RS R B A IIOR R B B A e i s
AR PEESUR . Zhang 2EPOSR FIR: 2 (1 A4
SR S TR B B N T A, IR B R
LIREMIIEEF%1: SAGGYIW F1 APATPSFW, J4& 31
EAWE C S#EEH Trp. Wu 2525 R K
it LR, B L bR S 1A RVCLP 1)
ACE #I#ilik (IC5o=175 pmol/L). %%k C A5
IKPEZ IR Pro A2 {1 BAG = ACE #2122
JEN. WEFRAEL, X ACE ISR AR N
B K> 2 (R B> FL TR, ACE #IiIAK C i i
KPEGER, e C a3 MEFIR TS Trp. Tyr.
Phe #1 Pro i, ACE 4% K KR &), Papain
RN Leu A1 Gly S5fi: L BR 1 K gk A T T
VI, XL R BAA K HEEE, ReA 3 m ACE
PRI AIEERS PRI, AR R R A R S R A
RXT ACE ] K 035 14 A 1R K520, Neutrase «
Alcalase . Protamex (FE R N & HEE CAS
9080-56-2 FlAl H | & Bx (1§ CAS 9014-01-1) Fl
Papain [FIBEHA 4040 B4 5 ACE #IfIlvE M, (HIS 225
X ACE #iI k4 B I B v AL I R
B A5, BEARVRRE RN ACE $vE
A — EFEE N N4, Protamex B ACE i
PN 37.26% ([%41% 45.19%), Flavorenzyme B
(¥ ACE i)y P4 PR 23 AR A BR , Papain B AR (1)
ACE #IiEHEA 13.77% (FK 74.81%), Bromelain
REARVRTT ACE $IE 1A 22.76% (F#1K 22.76%),
Neutrase FFIT) ACE #IHEMEN 30.46% (FEAIK
30.46%), Alcalase FEfFY] ACE #IHiNEYE N 22.56%
(I 22.56%) . R EHFEPUE AR FUAE T RR 210
MM, e ACE 2B T 13.06%. XIIZ5HH55F
O Pl FIRE ACE 10861k 45 15 VR0 ik 1) b P2
J&, ACE #lifi|Z3#A B R, HACHRR B, ACE
FHR T PR R . AT 7T i £ (1) 28 A B 1 A
T AL B BE AL G, ACE $IAIE 1 45 AN )2
FERHAK, ST AR R—8, nIRe& b R A ik
BT, TEVESIIRERIN, SEEhRRETERK. H
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Jat B A% ACE fiTE 14 1 2 Protamex. Neutrase
FI Alcalase [FIBERA -

2.3 f Rl B B e A R AR

TEERELEE 1:4 (g/mL). BEKAIEL 4000 U/g. BiFf#
IfE) 4 h, SEEAE 2.1 JHLEH K pH MR TR, LL
% Protamex. Flavorenzyme. Papain. Bromelain
Neutrase 1 Alcalase [)4F P FIRGAFAUKARE (DHD,
i 2 s

80
70+
60
50+ b
40+ ¢© d c

30+
201
10t
0

IKFREE 1 %

Protamex Flavorenzyme Papain  Bromelain Neutrase  Alcalase
E 2 AMEABXFREEKEENRN
Fig.2 Effect of six types of protease on hydrolysis degree
E :oa, b, o dAe e ATAR R A BB £
FE2FH (p<0.05).

B 2 mf g1, 7540 A BRI E %1
Protamex . Papain. Bromelain [ fift ¥ 1 7K fift J& 75
32%~38% [, Alcalase AR K A FERH 519 44.76%,
Flavorenzyme B i i1, IAE] T 69.48%, SR H
ALY ACE M35 M 5 MK - Flavorenzyme 1 A% E K
g, BASMIBGIER], F R R MBS e TR IR i R
IKVEZEERR, 7= A K R B AR, ORI
B . RS R R . AR AR E
A H RN AU 2 1 i o L s (O B A R,
Flavorenzyme 7K A i B9 2 B R e i S Herp SR R a2k
PR 1 3 v T A AL BRZH . A S, Flavorenzyme
P e B A e KA B DU A, i B U 9 2 R IR
HrE B . M Flavorenzyme BN SECE R C i
Bk R BRI D, ACE )% M B AK. [R b
Flavorenzyme Ff/ANid&FH T-HEfEA R A4 ACE #ll
K.

24 A EZEAHBEMERNYTESG

TEERELEE 1:4 (g/mL). BEEKYIEL 4000 U/g. Bif#
IfE) 4 h, SBEAE 2.1 JHLEH K pH AR TR, LL
% Protamex. Flavorenzyme. Papain. Bromelain
Neutrase 1 Alcalase B SDS-PAGE 73#fr, 4]
3 Fse

=

202

a ku
210

52
37
30

16 =

o ®© ® @® 6 ©
[E 3 6 #EOEGEGHT/S SDS-PAGE Elf%
Fig.3 SDS-PAGE analysis of hydrolysates obtained after the
hydrolysis step with six different proteinases

JE: ar FREZEE A SDS-PAGE $AR ®ik; b: <APERE
#& SDS-PAGE #IkW.ik; c: >xAPEEfE& Tricine-SDS-PAGE A2
KT EEGEIRRK; FORE: Protamex BAfE; H@ik
if: Flavorenzyme Bafifik; #©@vkid: Papain Bk, %@k
i#i: Bromelain B#ffi; % Gikih: Neutrase BEfRR; % @©vkid:
Alcalase BEfE.,

HIE 3 0I5, REMMRHFREAN PSS T=
BEAGEEE, Ho 200k (WIEREAER). 50~30
ku (UIBNEEF 45 ku, JEVIEREE 35 ku) Fl 15 ku %%
W E R, BERG 50 ku L2k b, e
R KB REIER . Protamex B VKIEFT Neutrase
B vk IR A b & 30~50 ku 25 PREE, KR E
Wl 16~20 ku /NyFEEAFT 6 ku LUREIZAK.
Flavorenzyme [ K E A B2 200 ku.45 ku 135 ku
7, 6 ku LN ZIRECHALE AIRGNs AR > . 455
2 NP B REAABOK R R LT A1, Flavorenzyme
TERG R R h E ORISR RIE A, P A K S
AR, WKy TFEOLSHWIRE . Papain
Bromelain FEAFREUKIEAREL, 30 ku LA 8 1 BRE 4550
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B, ARk 16 ku LU R 21K Alcalase B 1KIE £
SRR B, KA R AR A A 6 ku
PLFZ K. 28 EFTiR, Papain. Bromelain 1 Alcalase
T AREEA B ERACR, X —4inEH A
21334

2.5 FFEZ B iR s RN

TERRELE 1:4 (gmL). BEEKAILL 4000 U/g. B#
IFIE] 4 h, #EGLE 2.1 JRik HH K pH NGRS TR, L

%% Protamex . Flavorenzyme. Papain. Bromelain
Neutrase. Alcalase FEfFREFIREFE K (AFRD
FIRE VR, Wk 4 Ps.

Protamex

Flavorenzyme
[ Papain

Bromelain

—— -
SRR ()
¢k P EVR
& 4 FREEBEN4RERERRE NS
Fig.4 Effects of different proteases on sensory evaluation scores
of beef enzymatic hydrolysate
HE 4 75, ST aREEAR D 1
VEARLEL, A= YRR RN SRS 7 S e TE UG
WRITTH, A AR AR PR SEE A 2 PRI RAR AT 70 W X2
TR E RS, X AT Ae b R A R AR R
UK B BRI T 300, Bk, HEAT R,
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