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Abstract: Camel milk, a characteristic dairy resource in Northwest China, is rich in bioactive peptides. Released during in

i EHEE: 2025-02-20

HETH: BRELEFLRAA (2022YFD1600103 ) ;#5245 R B8 R EXHAFERRA (2022A02006-3 ) ; B & RIARAR L = b ARK R (XIARS-
11-09) .

{EEBE . £4% (1999-) (ORCID: 0009-0008-2309-9142 ) , 4, LI &, FF R 61: R AL L LA 5 B 3R A, E-mail: 972693898@qg.com.,

*J@IS1EE: RAI (1986—) (ORCID: 0000-0002-7284—6748 ) , B, # 4, FF A R, AF R @) A Fo L 55 55 5 Fr 375, E-mail: zhjk_caiq@163.com.


https://doi.org/10.13386/j.issn1002-0306.2025020151
https://doi.org/10.13386/j.issn1002-0306.2025020151
https://doi.org/10.13386/j.issn1002-0306.2025020151
mailto:972693898@qq.com
mailto:zhjk_caiq@163.com

%478 %3

vivo digestion, bioactive peptides have potential health benefits, however, systematic studies in this field remain limited. In
this study, simulated gastrointestinal digestion combined with liquid chromatography-tandem mass spectrometry was used
to identify and analyze peptides in camel and cow milk. Potential bioactive peptides were screened using peptide databases.
The analysis identified 1074 peptides, including 561 unique to camel milk, 385 unique to cow milk, and 128 identical in
both. These peptides predominantly had molecular weights of 750~1000 Da and lengths of 7~11 amino acids, most of
which originated from casein. Bioactivity database analysis identified six bioactive peptides in camel milk, including two
camel-specific dipeptidyl peptidase IV inhibitory peptides. The remaining four peptides, as in cow milk, had angiotensin
converting enzyme inhibitory, antimicrobial, antithrombin, and antithrombotic activities. In addition, the machine-learning-
based peptide activity prediction tool, Peptide Ranker, predicted 70 potential bioactive peptides unique to camel milk and
44 unique to cow milk. These findings revealed the unique advantages of camel milk in terms of the diversity of bioactive
peptide types and functional specificity. The study systematically elucidated the compositional differences of protein
peptides between camel milk and cow milk, providing a theoretical basis and practical guidance for the development of

novel dairy-based foods with precise nutritional functions, and contributing to the advancement of the relevant industries.
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FE TR, AL T FL . ESRge R T, Ak s
PRAL P ZLTHREAS I E I S A W~ B AR 3
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Ay )R RE A L W e ER IR £L (Tris (hydroxymethyl)
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LU PSS TR, HEAT T A0 NSk . T FREL
200 mg FUREETHY, BT 50 mL &0, BERINA
10 mL UA 24##% (7 mol/L JRZE, 50 mmol/L Tris-HCI,
pH7.8) . fHHIRIEIRG#5HA TSRS, HEUR T8
SERV . KRG W E T vkva 7 4k
IR AL IR 30 min, BEJS, 7E 4 °C T LA 12000xg &
> 20 min, KERAE LT, IE HiE® . RH
Bradford EMIGER AME . IRBUNER AT RTIESE
1.5 mL B0, B T80 °C VKARIRATE, LIS IS sLss
L4 BaE

1.2.2 SR S54FLEAEREIE BiEHA =% Brod-
korb &5 DL T Liu 4517 (7%, %ok B Sl 4-FL
MIZFLAER B TS B I iE AL, FFE T T A 2.
HAEBW R el mdZLEEHE T 37 C
Ay 7K ¥ TR LR, BB S A 1.0 mol/L HCL ¥ 77 pH =
1.5, $%18 2% (w/w S50 09 FL B B 25 1, K
IBEWET 37 C WK LSRG E 2 he B
{fiFH 1.0 mol/L NaOH ;& {HiL/G TR &4 pH VA
2 7.5, A 2% (w/w 25 5 By IR 4R B, 78 37 C
TUEARGIEE 2 he RS RABIRGWET 95 C
BB K RN 10 min, LAZIETHALI N o B VTR
HAWITE 4 °C F LA 8000xg FYFEH E5.00 15 min, I 4E
LEw
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50% ZJEFT 0.1% TFA FYESUE LA 1 mL/min 19 it 38
Ve KRB, AR VR T BB O i, i TR T
AP, IRT IS IHIREBAEASINA 20 pL 0.1% W FRIER
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H Spectronaut KA TANEE, BHEZESKYR T UniProt,
o 55 IR FR % 8 (Camelus bactrianus) 14 (Bos
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Fig.1 Venn diagram of the number of protein peptides in camel
milk and cow milk
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1250 Da FYZH 43, 4350 i 4% H 2R KRR 1Y 31.58%
1 31.57%. FEFLH 500~1000 Da £ kA EF 5 b
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Fig.2 Molecular weight distribution of protein peptides
in camel milk and cow milk
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Fig.3 Amino acid sequence length distribution of camel milk
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Fig.4 Bar chart of the proportion of corresponding peptides
in camel milk and cow milk

Zhang FEP FEXT UG LEADOUGETEFL N PR TE 22 K
1 FE B oA b, FE LIS EFL A, A 55% IIIKBEK A
S-BREE I, AEXSUEIEFLP A KB A -IKEH I
PPEIRBE S Jiang 251 AYUFFEE G AL AL LR
BEFLK, A AR T p-IkE AR R . TE
AWFFEH, SEFLh AR T RIREAOSEIR, S AR
AR AR, TR S 2R ARE A 5%, i n]



- 150 - £ Tl B4

2026 4 2 A

A2 BB & F . BB IR G5 F R/ NG Z i K]
R AL EEE R eAh, R R T B-FLER
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FLEER RS, X SR AE T AE Ras Wi h 2558
Fl P,
23 A SHAERMRMEBEEMEN

T IRGEREEL AL AR IR AR P T A
WRTE B fd R 2540, A1) BIOPEP Fl MBPDB $(4# /%
XTGERLANAZLA B KA T T 43T, 455 3REH, &
it S AL R 114 8 ) R S B 22 R ) 2B TS PR RRAE o
TpFL A Y BKEY ILDKEGIDY £ LLQLEAIR &7~ H
B9 DPP-1V 314l 3 P, X afi s ) LA R = X .
DPP- 1V #1141 551 38 31 9 20> 7 (18 e 1 26 1) Rg e, 394 i
Jige K 22 43 wh, DA A0 3 2 FRUOBH PR B 3 A9 IfLBE 2K
V- . Nongonierma %51 3 1o Jl32 85 1 i 7K fif Be 2L 25
1, FIJH LC-MS/MS Fll QSAR HBERIUE S 11X P 45 JIK
B, H 1C, {40 1 2~ 347.8+42.8 pumol/L Fll 177.8+
22.2 umol/L, ¥JFRILH i 1Y DPP-IVHNIE M, X
SE IR BEAEASALL S BT A0S 2B R AT RS e T, AR
BEATEAE T BAA B g AR E, hieFL
VE R Wi DR Jvs 45 300 D) B M 2 O o $R 1R TR 2
XHFo

TEAZL, ot 28 S A b k. PUed . e
AT AN ACE #1041 45 Z= B A= W 36 M 00 2R 1 RKR, O
I W E M ACE IR T . Ak, iR
P Y 4 B g 2L R A= 2L 0 A s TR B R
VLPVPQKAVPYPQR. YQEPVLGPVR., VLPVPQK

Fl MAIPPKK. Sowmya %50 B 5% & B, 7K 2 2L &
FEHEATER K YQEPVLGPVR B B B It 4
PrAEAARIE . KR ARSI AR I ST 56 T ZR Y 5K
MG TRE T, BB W D1/ BUMLAH A B 5E (P<
0.01), FEARAE R ANMLIN T IFN-y (7K, [RIBFHEE T
S AL T IL-10 Fll TGF-g BY7K, I 2 155 /)N
BRI B W 400 it 1 A I 8 /1 (P<0.01) o Liu 8801
W B T 4 FLES HE H AT IR VLPVPQK, iff58 &
BLILXS HepG2 4 i JIge 5 22 AT %) 52 mib) Az LR 5 L
i, BB RTE KR [ th 3k, 3005 v 4 4 08 A0 g T 1 X
HepG2 4 A ] 4 B0 BT 57 TATRZ 1], (W) B AS 52 o) 2
MoIE P, FEREE AKRIB10 BO4MHI . 72 RBRIFL
Y= 2 I Ik EY MATPPKK B BE5R b AL P E R i
KIGATF IR 4 B (R BR PR AR K I BB 7, i Sbdse AN
N REREEE T I ZLIE SR ME, W AR fe k&
SR AL T B A YIS RS

REFEWEMIRIE AMEHGE 1), BEEM
T B TIEAL H B 2R A nETE, A
Z KRR AL T FE R R, AR T AR EL, SEFL
S E AR KB R B 2, (H B A idE R )
B AR AR, X PR AT RE L E T8 o
Je, BHE e H s SR AR e P E RO 2R E 2R 2L, g%
SRR OFLAT O IRE R BARX =10, HR, 2
KRB T BT 28 BE IR A 7K A SRS Al i 53 B vk A
RetE N HIS e A ne e, ILAh, 2R K T gE
A REAKEG TR 097 9 . A4 k5 = At 43 i AE HL
YEH o [RIEsE, i T BIOPEP 4 )28 35 B S 454
JREE, Wi i PEER M LA HERN A2, 255 8%
2,

F 1 BEFL S AL YT R R

Table 1 Potential bioactive peptides in camel milk and cow milk

HHABRAHK Uniprot ID FEHZK RILRRITH AT g3l 43
a-FLIREFM123-130]  AOA9W3F240  LALBA ILDKEGIDY DPP-IV i3 \ x
11147-156] A0A452DI34 VGINYWLAHK ACEMHIF  H L DPP- IV i 71 x \
o-S1-FEF 1M1123-130]  AOA9W3F965  CSNISI LLQLEAIR DPP-IV 15 \ x
11195-208] P02662 SDIPNPIGSENSEK iz x \
209-214] TTMPLW ACESHIF, HTHd . s x v
1142-49] PFPEVFGK ACE#IF x \
17130-138] NAVPITPTL bk BA R x v
17189-196] FALPQYLK ACESHIF, stk x \
140-47] NMAINPSK ACEHIF x \/
1204-212] AMKPWIQPK ACEAM#15 x v
1205-212] MKPWIQPK ACEAM#15 x v
1196-106] ALNEINQFYQK ACEIHIF x \
1183-98] FQSEEQQQTEDELQDK PRSI K x v
17148-155] VKEAMAPK YU Bl v
ST EE F11]220-233] A0A452DHW7 CSN2 VLPVPQKAVPYPQR i \ \
1799-106] IHPFAQTQ PEEICAZHE S | I PEP x v
1227-233] AVPYPOR ACEIl], 2 ?ﬁ;ﬁ%ﬁﬂt EEaN y J
1]243-252] YQEPVLGPVR ok L fb. Pk . ACEHHIF \ v
1[242-252] LYQEPVLGPVR Bk fuE x y
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k1
EHE) T Uniprot ID E P HILRRITH WG L2 43
1220-226] VLPVPQK ACESMHI5] . ACEIHIF] ., HrdT v v
1]253-259] GPFPIIV ACEAM I3 x v
1]241-252] LLYQEPVLGPVR ACEHIHIF x \
B-FLIRAE F11149-56] AOA3QILYES  PAEP DAQSAPLR i x +
11100-107] IDALNENK B (G IH x v
141-151] TPEVDDEALEK P H . DPP- IVl x v
1108-116] VLVLDTDYK P H . DPP- IVl x v
1141-56] AASDISLLDAQSAPLR Eii:) x v
158-164] ALPMHIR ACE#H] ﬁllﬁgﬁi%gg f[;a;ﬂwé‘?ﬁ% y J
1]48-56] LDAQSAPLR ACEHIHIF x \
110-116] VLDTDYK ACEHIHIF x \
1117-24] LIVTQTMK g R x \
K-IiEH 146-55] AOA140T8A9 CSN3 YIPIQYVLSR g, CIaZ sl | ki e x \
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Table 2 Peptide Ranker score >0.5 protein peptides in camel milk and cow milk

FeU EHE) T Uniport ID SR 2R HILER T 5 (G
1AL F U B 1]51-59] AOAIW3F6C2 B4GALTI GAALLPPLR 0.88
AT BRI R AT R A3 A ]52-59] AOA9W3FKT4 SMR3A PYLPFQPR 0.85

S-BEEE FI1-10] AOA077SL35 CSN2 FLPPLQPAVM 0.82

ri PR I I R AR OC i BT i2 84 11 f127-35] AOAIW3GQI0 LCN2 LIPAPPLLR 0.79

i F15[318-329] A0AIW3GZ61 MUCI5 DGIPMDDIPPLR 0.78

FEFLAGEE K05 AL A 1E731233-242] A0AIW3FGO3 LOCI105084142 ISIPAPSFPR 0.78

Serpin A3-85#H 14X 41[249-258] AOAIW3FIE6 LOC105079903 IPSLVTPMFR 0.78

L1 FLEEER399-406] AOAIW3EQ51 MFGES NMFETPFL 0.77
rPH R 4 i B S A DG i s 40 1 1127-34] A0AIW3GQI0 LCN2 LIPAPPLL 0.76

B-EEAR T (4 f1-8] A0A077B3P4 FLPPLQPA 0.75

e 4 i B S A DG i BB 80 111127-34] AOAIW3GQI0 LCN2 LIPAPPL 0.73

K- Mg 2 1] 75-83] LOP304 csn3 FIPYPNYAK 0.73

FLEE F1300-315] AOAIW3F6J9 LTF GKPSAFQLFGSPAGQK ~ 0.71

re-Iig 25 1] 74-83] LOP304 csn3 QFIPYPNYAK 0.71

R BT B R 15T AR IDTTR & itH] 796-802] AOAIW3EIT1 FASN FLSNMGR 0.71
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RV HHE AR Uniport ID BN 2R AIRITH (Lo

FLEREA167-176] AO0AIW3EQ51 MFGES NPWIQVNLLR 0.70

U i AR A3 131-140] AOA9W3F3I1 PDIA3 QAGPASVPLR 0.69

PRI (114[130-136] AOAIW3GMC1 PGLYRPI MGNYMNR 0.66

FLa ALY AR X1 f348-355] AOA9W3EKS51 LPO DLSSPLGL 0.66

a-S2-fik R FIERIX2 1101-107] AOA9W3F984 LOC105080410 NPWDQGK 0.66

FLYEF1633-639] AOAIW3F6T9 LTF QQAHFGR 0.66

R R B 1T BRI TR & T 1583-1591] AOA9W3EJJ1 FASN LSPDAIPGK 0.65

S EE F1194-107) AOA077SL35 CSN2 PLQPAVMVPFLQPK 0.65

S-BEEE FI1196-107) AOA077SL35 CSN2 QPAVMVPFLQPK 0.65

0-S2-FEHE A ML AYX2 ]110-118) AOAIW3F984 LOC105080410 AYPFIPTVN 0.64

S-BEEEF11219-227] A0A077SL35 CSN2 GLHPVPQPL 0.64

S-BEEEF11219-229] A0A077SL35 CSN2 GLHPVPQPLVP 0.64

A0 IgRE LS P S Y 25 1111 178-188] AOA3QIN3I9 PIQHQDWTGGK 0.63

BN 3t S A AL AR T X2 1]1229-1240] AOAIW3EGSI XDH IPAFGSIPTEFR 0.63

JRRAFNE H1 113-124] AOA9W3GMC1 PGLYRPI GAHAGPTWNPIS 0.63

P-BEEE FI1]219-231] AO0A077SL35 CSN2 GLHPVPQPLVPVI 0.63

FLIEEREGFFIA T V /IS5 #4411 168-175] FIMXX6 MFGES NPWIQVNL 0.62

P-EEEE FI197-107] AO0A077SL35 CSN2 PAVMVPFLQPK 0.62

ri P20 i I B A OC i 12 8 1] 36-42] AOAIW3GQI0 LCN2 VPLQPDF 0.62

a-S1-iE 25 F11]140-146] AOAIW3F965 CSNISI LSSHPYL 0.60

HREAN156-164] AOA9W3F4V6 SPPI GDNIGYALR 0.60

i F 16F:H]2751-2758] AOAIW3G4A7 LOCI05068410 SEYQLNFR 0.60

FLIEEREGF R F V /VIIZ5 ¥4 38 135-143] FIMXX6 MFGES HLGFMGLQR 0.59

SR F1[100-107] AO0A077SL35 CSN2 MVPFLQPK 0.59

ButyrophilinilF. 514 1 51 ALFF9KX3 1]334-341] AOAIW3FGO3 LOCI105084142 LPETPDRF 0.59

S-BEFE F11219-230] AOA077SL35 CSN2 GLHPVPQPLVPV 0.59

£/ S SR I FNHE-RF1 ]2-13] AOA9W3GPX9 SLC9A43R1 SADSAAGAPLPR 0.59

IR R 15T BRIDTR & i 2121-2129] AOAIW3EIT1 FASN AVAHILGIR 0.58

GG 5 S AL B X 211959-966] AOAIW3EGS!1 LOCI105080410 LEGFNLPR 0.57

HIEEI156-164] AOAIW3F4V6 SPPI GDNIGYAL 0.57

K-F& A 11[73-83] LOP304 csn3 NQFIPYPNYAK 0.57

NEhE F19-28] AOA9W3F4H2 ACTB AGFAGDDAPR 0.56

FIEE361-371] AOA9W3F988 ALB HPEYAVSLLLR 0.56

FLEEE E H1399-408] AOAIW3EQ51 MFGES NMFETPFLAR 0.55

IR B AR BT A A ALt 1415 11-523) AOAIW3EPQ9 0SOX1 IVLDLPSAGLSPR 0.55

B-EEIEI198-107] AOA077SL35 CSN2 AVMVPFLQPK 0.55

PRI EBTFCD14 f1309-315] AOA9W3FCPS CDI4 APRPDEL 0.54

E LA T AN ARG 237 1 A R X 1181-187] AOA9W3F2R1 LOC105076320 ETMDFL 0.54

FLid AR S (A X 1f]1447-453] AOA9W3EKS] LPO MQIITFR 0.54

RS 2R 11 5 B S AL 15 14-523] AOA9W3EPQ9 0SOX1 DLPSAGLSPR 0.54

22 G A7) A3-8 5744 14X 41]241-248] AOA9W3FIE6 LOC105079903 SVEVPMMR 0.54

R B 2 1 5T AR B REHT 1407-1415] AOA9W3EIT1 FASN LAPQASPVF 0.54

B-BEEE FI165-71] A0A077SL35 CSN2 IYTFPQP 0.54

P A AL IR SR ]250-257) AOA9W3GYB7 CRYZ GPIEINPR 0.53

K-l 25 1] 77-83] LOP304 csn3 PYPNYAK 0.53

S-SR F11]209-218] AO0A077SL35 CSN2 FQEPVPDPVR 0.53

FLIEEREGFAI AT V /L5 M3k 1415-421] FIMXX6 MFGES PVAWHNR 0.53

B FI1]190-199] AO0A077SL35 CSN2 PQQMVPYPQR 0.52

P F111207-218] AO0A077SL35 CSN2 LPFQEPVPDPVR 0.52

FMA AN K F1]176-186] AOA9W3HP0O CDS55 NGHVIIPDGIL 0.51

o-S2-JiE 3 A1 X2 1186-93] AOAIW3F984 LOCI105080410 FLQYLQAL 0.51

REZLIR R 5005 1 LA A1 A 1A X 31]494-502] AOAIW3FGO03 LOCI105084142 EIPLSPMAG 0.51

K- TR F1]76-83] LOP304 csn3 IPYPNYAK 0.51

LB A E A 1413-420] AOA9W3EQ51 MFGES LPVAWHNR 0.50
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o-S1-E 2R F11T47-55] AOAIW3F965 CSNISI AVVSPIQFR 0.50

Bt BB F143-152] G3X6N3 TF SAGWNIPMGK 0.91

o-S1-BEE H P02662 CSNISI FVAPFPEVFGK 0.84

RS i 2 1 B ULER 2R 1 1138-49] AOA9IW3GCDS TTN PFPEVLW 0.83

o-S1-Ji% 55 F11]41-49] P02662 CSNISI APFPEVFGK 0.83

FUE B 1]308-315] B3VTM3 LF FGSPPGQR 0.81

K-S 26 1] 76-84] AO0A140T8A9 CSN3 FLPYPYYAK 0.79

GoPEIREE F RS IR 11 1]341-348) GS5E513 GFAPADVF 0.79

ATPHS & B R RGN 21[477-485] ATE3TS8 ABCG2 LLSDLLPMR 0.79

o-S2-FiE 4R 1] 189-195] P02663 CSNIS2 FALPQYL 0.78

a-S1-Ji 25 F1]40-49] P02662 CSNISI VAPFPEVFGK 0.77

re- I 35 F11]90-97] AO0A140T8A9 CSN3 SPAQILQW 0.76

E 1A HEF BH 18 ¥ 145-53] A0A3QILS20 CREGI LLLPPLPPR 0.76

p-BEEE F11]234-240] A0A452DHW7 CSN2 DMPIQAF 0.72

o-S2-Ji% 25 F111206-212] P02663 CSNIS2 KPWIQPK 0.71

NFX1EVEHE R T 1]706-712] AOAIW3GAE9 ZNFX1 NLPMHLR 0.71

PR 11]305-315] B3VTM3 LF FQLFGSPPGQR 0.68

T IEN t S l/ 4E PLEET931-938) AOA3QILWII XDH GFGGPQAL 0.66

re-Iig 25 F11]78-84] AOA140T8A9 CSN3 PYPYYAK 0.66

a-FLAEE1148-156] A0A452DI34 LALBA GINYWLAHK 0.65

re-Iig 2 1] 74-84] AOA140T8A9 CSN3 NQFLPYPYYAK 0.65

A0SELAHIR R F1S2425 D141 28-34] AOA9W3HSR9 LOCI05081288 TPPDVIF 0.65

O R R N4 R R RS R R 12528 T8-15) AOA9W3FEL2 LOCI105083421 VAPYPGAR 0.64

axi’ S ERER |V BEASE IARA133-144] QIRMNS 1GL@ SPPSVTLFPPST 0.64

P el 12 14177-91] FIMUP9 VATI PAAPSAPGTGQLTLR 0.63

o ERR AR R REAIE R 741 293-301] A5D7Q2 FTWNPTGGK 0.62

K-I% R 1] 77-84] AOA140T8A9 CSN3 LPYPYYAK 0.61

Fad E L] 722-729] G3MXZ0 LPO DLSPWASR 0.60

FLUB R I 1]256-262] B3VIM3 LF APVDAFK 0.59

878 M 5] 201-208] P11151 LPL LSPDDADF 0.58

TR NZERA i U AR AL 458-465] AO0A3QILWI1 XDH VLFQPGSM 0.57

ZRAPERRTE 1 Z IR R 111608-625] A6QNW3 PIGR DAAGGPGAPADPGRPTGY  0.56

&Sl H4 11330-340] AOAIW3GV7T8 SALL4 LPGALLPQAPG 0.56

Go R TR P REES A IR 11 79-188] AOA3QIN3I9 IQHQDWTGGK 0.56

B EE [11]238-252] AOA452DHW7 CSN2 QAFLLYQEPVLGPVR 0.54

GRERRTR VR HESE M 744 318-324] G5E513 YLLPPTR 0.54

o-S1-FEHE FI1]23-37] P02662 CSNISI HQGLPQEVLNENLLR 0.54

HREER R R BEASE R #£1293-301] G5E513 HSDLPFPEK 0.53

N IR AE21-30] AOA3QILR40 LIPG DPTPLGPEGR 0.52

LR APERRTE 132 1K £]20-27] AG6QNW3 PIGR SPIFGPEE 0.51

P-BEEEF131-147) A0A452DHW7 CSN2 PVVVPPFLQPEVMGVSK  0.51

?LHEHE}*%@B{E&%@% [{IZL]?V/\W%T%JC@?«‘%U FIMXX6 MFGES QFQFIQVAGR 0,51

HEF131-138] AO0A140T897 ALB DDSPDLPK 0.51

ZER MR T BN 165-172] AOA3QILYES PAEP LSFNPTQL 0.51

AT E NI 157-164] AOA3QILYES PAEP KALPMHIR 0.51
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peptides in camel milk and cow milk
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