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1.1 #HREIRH

FLAUE FF 5 Probio—M8  (Bifidobacterium ani-
malis subsp. lactis Probio—M8), N5 4l K2%
LR AT T o 9% 050 P 3L Wk 4 LB R LK (80%)
P2 Arla 23w 5 B 25 U (20 000 Ulg) 52 H
FERG T &, ALt Z S R BRA | P
SP By I 4 Bt 1 (SP-Sepharose Fast Flow) , £ [E GE
NHEl SRR (TFA), P AL 2= BB A PR A A
CNE R (0% 2% ), 25 [ Fisher 24 #) 3 IR C18
R, L Agilent A F]55(6)-FRIE — L RDEE
F BT HIWE W K TiE (cFDA ), 52 [ MedChem Express
ONEL MR EE (P 2,7- ORI
(DCFH-DA) 5 CYe e, RKi%E RACE YA A RA
Al A R T RER IR (APPH) SGR Hh K I
PEdid 2 E (Trolox), R4 YR A R
i
12 UEF5E&E

HWS28 BRIk 5y, g —EBH A RA A
AKTA avant 150 4 H 38 68 & F 2 /L { AKTA
fluxs V)] if H I R 48, 56 [ GE A7) ;LC-20AR 2#
SR, HAS B A W) M2 2 D) REREAR X, 5E
LR TF A DRC-1000 B 25 % 7T AL, H AR
Rt FRAR S A 5 U A BA, 5% 1 DL 5 2 PR IR R
A ;pH 1T (FE28) M RF i — 46 R 204 1A FR 2>
A,
1.3 RIWFA*E
1.3.1  BraE ALK il 8 B o3 e alifk,
1.3.1.1 Hia ikl 25 R 5 gkt
FTIs B0, BRI 3 g FLYE A M1 T 100 mL 7818
K H1,90 CHUH 5 min, B H R 2 50 °C, 1 0.5
mol/L ) HC1 #75 pH {H % 10.0, R 10 min, #%
i IS LR 5% I A B PE 2R il AT OK R, KT 2
h, K ik R s S S W N 0.5 mol/L 1 HCI/
NaOH, fiff pH {E 15 5 , 1 Bl A 52 105, Wb 7K ¥ i 44
15 min K J P v A 2 =00 AR pH (B
F 4.6 IFT 4 000xg B0 10 min, Y 1775 B4
AT
1.3.1.2 #@BuESE  fH AKTA fluxs Y10 i 48 08
R, 8 ku Fl 3 ku Y8 IE AT X FL I 8 F1 K AR
WIEATAY 1, o0 B3R A5>8 ku,3~8 ku, <3 ku [ 3 4~

AN T 3 Bl 43 5 o 1 22 K 8 L AE 50 °C 4% 14 T e
Wezg kil ARV R TR TR, T =20 CIR
M.

1313 HEHEM /S E 4 M ¥5 Nimalaratne
SEUSIE oy B8 7 A IS A& B, ] AKTA a
vant150 25 4 4l fk 2 G} 48 58 B 4R A5 19 L3 ik
roy B atife K353 (3 ku) W f#AE 0.01 mol/L i
R B 2z v v BB B VR A 100 mg/mLL, il i 0.2
wm o U8 A5 AT uE O AE BH B T A8 4 A (SP
Seperdex Fast Flow,XK12/60) I #F17 [H &+ 3¢ #t
EHT KK 215 nm, S AR BL(CV) Y 10
mmol/L fiff BR &l (pH 3.6) V-5 fo i 4, L FE & 1
mL, 1 24~ CV 9 10 mmol/L EE#R4M (pH 3.6) PE %
FEF 5, &A1 mol/L A0 5 1) Tt R M V5 WA
VEWEH , e PERE N 0~50% , BEAAFR A 5 CV 1)
FERAL, L 10 mL/min 8 30 33 16 B0 AR 5 87 A 39k
PR T EAT B2 ¥ R T DR HEA T TR R I
1.3.1.4 WALl R4 Yang S0 7
I ABGE 2 0E ol ol R ) AE €5 R C18 8
T AT SPRF 5 B B - 38 48 (0 1% A vp T 2R A5 14 5
T AT sy B aifl R 8 &R s A
A:K+0.1%TFA, Jii s H B: 15 +0.8% TFA , K il
PR 215 nm, A& 1 mL, 73 2 mL/min, B B .
0~25 min,B:5%~60% ,25~30 min,B:60% ,30~40
min, B :60%~5% .

1.3.1.5 $iEfbiki e i Q Exactive Plus
XF1.3.1.4 797 BT 0 5 1 BB RE b iE AT 0 a3
Z M A1 FE C18(3 wm, 120 A, 100 pmx20 mm)
AR R R UEIR 2= 0 A (2 wm, 120 A, 75 pmx
150 mm) $EAT40 85, TRBHAH . RSl A A 3% I 3
WA, 0.1% W B2 ,97% 7K , Wi sl B:3% — I A E
,0.1% W R ,97% LN o WOAH 14 3t 3 3 &l 300
nl/min, Jit 1% DDA #3537, B A F9 46 08 25 4
T 14 MS 245 (R=70 K,AGC=3e6 ,max 1T=20
ms,scan range = 350~1 800 m/z), DL M Bl J5 ) 15
A~ MS/MS H 4 (R=17.5 K,AGC=2e5,max IT=100
ms ) , HCD flf 8 BE & 1% ¥ 28 , VU4 AT 1) i 1 i H
WEN 1.6 u, & F 5 &2 R0 30 A HEBR i ] 15 #
h 35 s,

1.3.2 S A IR e Fas e, B A
FriEPT ALY Trolox £% 20 pl, 43515 80 WL Ay %¢
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R ERIR A, AT 96 FLoE et , T 37
CIRAIMFE 20 min 5, A 100 pl. AAPH JF 4 )%
N, TR S RS 53 5 485 nm Al 525 nm
Ab 3% S22 D¢ 5% 5R BE (1 ¥R/2 min) , A F Trolox
(FE R b o i ) 22 0 s 1 1 e, R 40 A o 00 45 114 2
JEAE I A B R IE R AR S,

1.3.3  DPPH IEBRZEMME  FIH 95%11) £ FEF
DPPH #} Bt i % 0.1 mmol/L %, BIR 20, ¥
1.5 mL £ 0 EE 5 A 1.5 mL #9 DPPH 7% W& 15 M
I ZH (A1), R)5 % 1.5 mL 5 IAES 5 S mL 2
B IR B VR b 25 A (A2) , T I BRAE il AR B
MOBERA = A MR E BG4 1.5 mL 1Y S FER
W (95% )M A 1.5 mL ) DPPH ¥ ¥ -hA/E b X B8 4
(A3), IR | 25 H 20 Koxt BEZH 7 5 Ak i 2 30
min, T 517 nm P A0 Wt EERY, #2511

& DPPP i[5 % .
DPPH?%I%%%(%):U—%MOO (1)
3

1.34 FAMBEEREGNE BAFETT 05
PIRE SR T, st R 3R A R 95 3 i S
SERF G AT A B BR R

1.3.5 L WE AT Probio-M8 164k X%+ ¥
—80 CARAF 1 FL WL FF 7 Probio-M8 T B MRS
B IR HE (RN 0.05%L—F- B & 2 £k e 8 ) h s 1k 3
&, BALTF 37 CIRA 5% 24 h,4 000xg, &5 .0 10
min , K5 3R A (14 R e T B R AR 22 Wil (pH 7.4) 78 Uk
2 W EE TR AP (£ 1),-80 CHIZ: 6 h )=,
HEAT LA R T R T 78 7 A —-40~30 °C, FEIT
36 h, 75 15 Pa,

x®1 FTRPFAENR

Table 1 The composition of freeze—drying protectants

28 3 K P37 A R I X
Xz 1 FLA AT H Probio—-M8 28 % 3-2(5 mg/mL)+10%4 3 4% .
) " . WA KA T 0.22 pm 8 B IR A B4R
KB LM Probio-M8 215 4-6(5 mgml)+10% 5 4 N
. 3LHE& 9 121 °C,15 min X #
R SLAHATH Probio-M8 5L & @ (5 mg/ml)+10%% 5 4

1.3.6 {HEENE ESRETERE, 5N
P 7€ $2 B Kramer 524538 1) )7 15 9108 415
W0, H10 g PRTRESD 5 90 mL B 2 45 2% v (pH
TARA], THERIRY 20 min J5 351780 B B, fil
T MRS FEARFRE D (A 0.05% 1 e 2 2
R ) ,37 CRERFE 72 h,

1.3.7  FMNBEGIE 3 B R TR E KA
WM AR 22 M (pH 7.4) 15 VETEAK 2 1K ,4 000xg 5
05 min, EEIEBHRERZ R (pH 7.4) 1, InA
cFDA & E H 10 wmol/L,37 CHEEIFH 15
min, #EAITA PL 22 4 10 wmol/L, &G HE &
15 min, LA FH 286 G2 b 38 0% 41 4 S X g 3
1o g 220 ARG DU 48 i 1) 2 Ot R B (488 nm Al
653 nm FUk P )P,

1.3.8 {E A E i H DCFH-DA 4381 & I 21
JH PRI T R 7 A R ER O R A R R 2% o
W (pH 7.0)7E Tk 2 ¥ ,4 000xg &5 .L> 5 min, 4R )5 &
HEIFAERE TR 5 v (pH 7.4) , im A DCFH-
DA &= LU 10 pmol/L,37 C k¢ 8 & 30

min, LA DCFH-DA 4b PR 20 o 7F o %) 7 5
ok 3t X 200 L ASCARS 000 40 JH ) 5 S 58 E (488 nm UK
%K)[Z‘ﬂo

1.3.9 geitEotr AR dEtT 3 IkEA
G5 R DL Y £ 45 ME 227 (Mean+SD) R, i
Origin 2021 /% Graphpad Prism 9 3 {17 2 &
L #5177 22 73 B, Graphpad  Prism 9 F T 22 il 4]
%, BB 1T ProteinPilot (V4.5) #E1T K & | IF
i it Bovine M8 [ 5120 2 %5 £ ds e A 7 vk

2 Z#RESMH
21 BRIBREASEMESH

I3 F I HE R/ 2 IR B S AT T B A
SO, I B N3 B A g IR i 4 Y
P AT IR LA A e AL 3 M0 A 1 1) 3
X FLIE E FUOK S TR E, R T
J i R/ KB, 46 B2 B R TS e AR ) 5
WA XA 43 BT i R/ k1 (>8 ku),
k2 (3~8 ku) il k3 (<3 ku)3 4~ X [i] 4143 A DPPH i
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=
8 100~ 5
= a >
& b b 2 20f
‘M‘% _—— .2
. g g
= o b 8
":E % s0f- 2
z . E o
= < B <
= B
2 =l b
< = B
S T e
0 oo
K1 K2 K3 k= K1
ENGE:RS -

Different components

(a)

& 1
Fig.1
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B ZMORAE— 5 pH &M T, R
F9 S5 JIT 5 189 A [) H g DA T 306 47 40 8 i Ak 1) 35
W B8 IS 1 FLTE | UK R b1 T B T aS 2T,
Wt QFF BH B 738 2 M B I, k1% 17 9 4l
A3U (B 2) A BIbRic o 1~9, 78 A ] o ik i 4%
P, X QFF B4y 5 9 A~414r /) DPPH ¥ bR % |
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Antioxidant activity of different molecular weight sizes after ultrafiltration

AT () 3), KB4 3 Fdlsr 4 /) DPPH
THFRFE N (91.81+1.40)%F1 (95.46+0.13% )% , Hi i
A BB T A %R (139.66+7.30) U/L 1 (159.02+
8.58)U/L . Ak A Hi 2 1Y W Wi fig 1 hy (4.8720.64)
wmol TE/g Fl (4.92+0.27)wmol TE/g,2 4173 1)
P RE ) 3 T HE 7 A4 4 (P<0.05) .
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Fig.3 DPPH scavenging rate, ORAC value and resistance to superoxide anion radicals of different fractions

2.3 REEMHHEEEL (RP-HPLC) S B R iE M
S

¥ 25 QFF FHE 738 ¥ 24T )5 ik 45 i 4 4%
3MAsr 4 B HAERHETEE, H0 3 MA 4
{38 iF RP-HPLC #4753 8, 40 0l3k45 6 4> (&
4a)F1 9 A~ (15 4b) ik i 38 o FL 25 ¥ R T J5 O
TE A [ e e BE 45 F R, X4l 4y 3 M4y 4 Fin gy
B A5y DPPH W BR 2 | PUB AT B+ A i At
UG A4k A el 56 0 Wl e o E AT (B S) . 4
R 415y 3 BT B0 6 415, 414 3-2 1
DPPH % F% % 4 (88.11+0.38)% , . & i T H & 4H

5
2
3
—

5

550
Signal strength/mAU

73 (P<0.05) , b A M) & 7 A h 2k (62.54£3.16)
U/L, Ak A A iEe 7120 (2.73£0.10) pmol
TE/g, 4y 4 B o 4, 45 4-6 1)
DPPH 3% B % 4 (89.07+1.02)% , B & T H e 4
73 (P<0.05) , b %A M) & 7 A h 2 (80.17£1.17)
U/L, Ak A R EEr e 7120 (3.0840.13) wmol
TE/g, Zi4 % b DPPH W BR % LA B &+ A th
FERNAAL B B R IR IR 0T, 414 3-2 Rl 4-6 X
P2 53 BA BRI PUEALRE T, R P4
Gy iEAT E SR
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®2 AH-2HEERFT
Table 2 Amino acid sequence of group 3-2

FARMELRE RS TRE

BRI A7) 5F K Zh KRB0 5T R Eu
) Yo 45 /%
AGPPGPTGPAGPPGFPGAV 1718.83 63.16 1 085.61
GETGPAGPPGAPGAPGAPGPVGPAG 2 039.97 56.00 1 142.38
GKDGLNGLPGPIGPPGPRG 1 803.92 78.947 1424.14
GPSGPQGPSGPPGPK 1574.74 40.00 629.90
TGAAGPPGPTGPAGPPGFPGAVGA 2 004.96 57.51 1153.05

®3 AP 4-6HEERFT

Table 3 Amino acid sequence of group 4-6

AP 2T M E FoR MR IR B T R E L% B R IK B 5T R E
LPQNIPPLTQTPV 1416.80 61.54 871.87
QTEDELQDKIHP 1 434.67 25.00 358.65
TEDELQDKIHP 1323.63 18.18 240.66

VYPFPGPIHNS 1226.62 54.55 669.07

VYPFPGPIHNSLPQ 1 565.80 57.09 893.90
2.5 FLZA TR M EE AR _

¢ FUAT B I 1 0 TR 5 (R4 9 AU ———
TTRUA S U TR, B R B O I I ERAEY, 2050 i ¥ i
VR B B B . W0 H AR TR 3 4 =25
SRR AL VTR B R 22 BB B K i3
BB ) %5 2 Fh 51 ERBE MO BNt X T FL R E
TR 178 24 1 0 3 e LA TR,

TN N 0 2 T B VR TR AP R
251 EASRURT BT ST B TS R AR
W oy B aiAb J5 I AR R 3-2 Fi 4—-6 PS4 43
YE A BRI A B ZLSUE T B Probio-M8 HH k£
BRI, W FLXUE AT B Probio—-M8 (141 B
BOEACHEAT 0T (B 7)o S55ER] IR 1 TR
TR ImA 3-2 A5 PRI G , FLBUEL
FF & Probio-M8 H A #% = 19 16 18 % (9.07x10°
CFU/g) , 771 e % ik 31 (88.31+0.02)% , it &
T d] 2 RN 4-6 PrEAL KL 5 (7.47x10°
CFU/g) F & A FL3s 2 1 9 6 R4 (7.70x10° CFU/
g) T B A (P<0.05) . BEH 3-2 AE ok T IR 4 5
il 1% B AR FLOUBE AT 18 Probio—MS8 £ B 25 ¥ Uk T Ji
W) 2 B B, AR TS AT DR A I
k@
252 FMEBENE AR AL TR M A I A 2 EAG

AT 324 4o AR
7 EFLWE A E Probio-M8 EEZ R ETRE
Fig.7 Changes in the viable count of B. lactis Probio-M8

after vacuum freeze drying

L1 BT 6 PN T O M e FH Y O cFDA R R 3R
Y T HE A GH MRS T A6 I PN 8 4 R T K Ay
=Y, IR A AR S RS s PT Tk 0E A
UM, HRE S 0 00 A0 R P AL TR AR 2
i DS g I DR TART il L LN R G
PIL Fl cFDA W it 5¢ 5t 4 L 4 2L AU AT B Probio—
M8 FL25 ¥ VR T I 40 MO 36 1 64T VA, S e 4
FEIK 3-2 Fl 4—6 P20 43 X B 25 Vo R T 1 303 ) L
XU FF R Probio—M8 4 Jf 1 7 S R 5¢ H& M ) {3
PEF (L 8), 54l 1 M- B 57 o A Bt S Ak Bk
5 3-2 19 Q1-UL(JE 4 Mi-0.13% ) Fll Q1-UR (i
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240 M BB 5 A LA S M G F7 5 b, S TR
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e T A RS, M P e T S AT A K i
cFDA HYRE 1, 5 O HRZH 1 J oA S 0 Fi 1

Control Group

5
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%] EE =
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[ Bo B
EE 23 23
o o o
=5 3 & O =X
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8 ZFLWUEHFHE Probio-M8 E= X FTIREENIEE N
Fig.8 Bacterial viability after vacuum freeze—drying of B. lactis Probio—-M8
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4-6 TG A~ 20 43 X B 25 ¥ kT 8 100 1) 2L BUIBE AT 1A
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JRAE R /N o3 J K 9k AR AS [ 40 g /K F- | B
HYUAALTE Y, IFE AT LIVE N & R Rk A
i A TR AR A 19 R0 M A ST 3 B /NG F- 22 BR A
43 3-2 WA AU R B, B AT B A T A0 1
L RE AU/ J D 35 P AR R KO, T R v L R
FFE Probio-M8 A= #1% 1E ,

3 #Fig

R P e K A L A BT AR Y B R
LA TE MR A 5 3-2 Fl 4-6, BT 3-2 T IE
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53 42, RE A R BEARFL AU AT B Probio—M8
FE EL2S VA VR T i a8 vl 0 40 e B A 8340, OF

300 )

& & 200
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23
FE 100

=
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Fig.9 Intracellular reactive oxygen content of B. lactis

Probio—M8 after vacuum freeze—drying
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Isolation, Purification and Applications of Antioxidant Peptides from Whey Protein Hydrolysis

Wang Haoqian, Liu Yiting, Zhang Jingwen, Zhang Heping, Sun Tiansong, Yao Guoqiang”
(Inner Mongolia Agricultural University, Key Laboratory of Dairy Biotechnology and Engineering, Ministry
of Education, Key Laboratory of Dairy Products Processing, Minisiry of Agriculture and Rural Affairs, Key Laboratory
of Dairy Biotechnology and Engineering, Inner Mongolia Autonomous Region, Hohhot 010018)

Abstract Objective: A peptide with antioxidant activity was screened from whey protein hydrolysate and used to protect
Probio—M8 during the freeze—drying process. The whey proteins were hydrolyzed by alkaline protease and separated by
ultrafiltration and three different molecular weight peptide samples were obtained, k1 (>8 ku), k2 (3-8 ku), and k3
(<3 ku). The peptides were then purified and identified by strong cation exchange chromatography, reversed—phase high—
performance liquid chromatography (RP-HPLC), and liquid chromatography-mass spectrometry (LC-MS). 1,1-Diphenyl-
2—-trinitrophenylhydrazine (DPPH) scavenging, resistance to superoxide anion radicals, and absorption of oxidative radicals
were used as assays to assess antioxidant activity and were screened. Results: Samples 3-2 and 4-6 showed high antiox-
idant activity. Five and six antioxidant peptide sequences were identified for samples 3-2 and 4-6, respectively. Sample
3-2 was able to protect B. lactis Probio-M8 in vacuum freeze—drying, increasing the survival rate of the strain to (88.31%
0.02)% and also reducing intracellular reactive oxygen species levels and protecting cellular enzyme activity. Conclusion:
Sample 3-2 was effective in reducing cell damage caused by the vacuum freeze—drying process of B. lactis Probio—MS.

Keywords whey protein; antioxidant peptides; isolation and purification; Bifidobacterium animalis subsp. lactis; freeze—

drying



