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WE: [ BéY ] A A oA ALY Bos grunniens R, KELANAEKT, BFESEHIR; RO BaG4EF
BEOKR-BELSWATHRIA B ARR, [ FTH ] RFFESEAL, 2B RFORFTE, BREORFI%FF
RRFEAOK, BRER SR TRMAL ST, @3 A5 TIRRE GRS AT R A b4 8 & 8 KL
&, LR BAEAFA5EIE Sk Ik KA AR A M B RO RS ES Y., MEESBRE, BE, $oREH
Fedp B R, FRAARETIEN., [BE]RFFEGKRS ADSTA (<1.0kDa), EA4EELMHH &, pH<T B % 348
FEEGRE I BA, THRAEAYH, BREFFEOR-BSELY. BFTEAOKRE X EGHAR P) AR5
(G) 4, BHMRER_BLEN B-FEA, A THRER, QLA RGEF T EOR-FESHBETHERIT, FHE
2% 7802 nm; MR, oI NDT 02, BFEFROK., A S RES YA E KA EREA deromonas
veronii %3 12 h 37 F 5% A-13.70%. 70.24% F= 77.33%, #AWITA KR RIF; 6 h GHS I FRT M, &
FIRNEREAN.: KA ROELRr 0 A 715/ 4350, KAH AR RRARES S S TS
(P<0.05), HbWA—REHFHLR, [H#] KFFEORPEF;THEDTHLLSRAART Y RESE %, 032
A R 4R B B G IR-BE AW TR THRPA MG T L, B 4K 44533
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Preparation and antibacterial effect of yak bone protein peptide-calcium
chelate embedded with cinnamon essential oil

NI Yunqi, TANG Jingyi, HONG Hui
(College of Food Science and Nutritional Engineering, China Agricultural University, Beijing 100083, China)

Abstract: [Objective] This study aims to explore the formation mechanism and antibacterial effect of yak bone
protein peptide-calcium chelate embedded with cinnamon essential oil, so as to make full use of the bone
resource and improve its utilization rate and avoid serious waste. [Method] The yak bone was autoclaved at
high temperature to separate protein and bone residue. Yak bone collagen peptide was obtained from enzymatic
hydrolysis of protein, and soluble yak bone calcium was obtained from acid-dissolved bone residue. The
cinnamon essential oil and the yak bone collagen peptide were mixed and homogenized to form a cinnamon
essential oil-yak bone peptide emulsion, and the calcium chelate of yak bone protein peptide encapsulated in
cinnamon essential oil was obtained by high speed shear method. The turbidity, particle size, polydispersity
index, antibacterial activity of the chelated calcium were determined and organoleptic evaluation was
conducted. [Result] The yak bone peptides were mostly small molecule peptides (less than 1.0 kDa), and were

suitable for the preparation of chelated calcium. When pH value was less than 7, many yak bone peptides were
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negatively charged and were affected by hydrophobicity to form yak bone protein peptide-calcium chelates. The
yak bone peptide was composed of a large number of proline (P) and glycine (G), which could easily form the
B-turn, one of the polypeptide secondary structures, and facilitate the release of substances. The yak bone
protein peptide-calcium chelate embedded with cinnamon essential oil had good stability, with an average
particle size of 780.2 nm. The dispersibility was good and the polydispersity index was less than 0.2. The
12 h antibacterial rates of yak bone protein peptide, cinnamon essential oil and chelate against Aeromonas
veronii were —13.70%, 70.24% and 77.33%, respectively. The inhibition rate of chelate to Aeromonas was
higher than that of cinnamon essential oil after 6 hours. The organoleptic evaluation revealed that the aroma
scores of chelate and cinnamon essential oil were 7.15 and 4.35 respectively, and the cinnamon flavor of chelate
was significantly stronger than that of cinnamon essential oil (P<<0.05), indicating that the chelate had a certain
sustained-release effect. [Conclusion] Yak bone protein peptide and yak bone calcium are suitable for the
development of complex amino acid mineral chelated calcium products, and the yak bone protein peptide-
calcium chelate encapsulated with cinnamon essential oil can be used for the development of new antibacterial
agents. [Ch, 4 fig. 4 tab. 33 ref.]
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¥e4 Bos grunniens 2 [ T 5 e b S OCHIE SR iy 1 L O L e SR M X R 2R AR A 2 U VR YE
AR Tt B A FER Y, AR, & HTTm i LA N B R OR IR, £
RS AR 3 IREATE RS A A+ MG HIR, RRuEtedr, Prrdhne g, WlscrRer, AR
JEf e HARKEED il LS G5 A YR B LU A MRS 2, HA SR . 29tk . A
o ZLIHAE B R AFR A AEA R IR AR T TT LI PR R RN AR B I 700, PRSI AV R Al 2k . Bl
JIg S AL B VR F A s B BT TR BE 0™, SR X BT LA YR s AR P B A ORIl 2 — B, B R S R R
fE, WAMASA T & . J7AEEEM o-pine M35, HUANG 57 &I . R MBTE G, BEA %L
MY AR, IERKE M Clenopharyngodon idellus i 7 R i, OJAGH 25 J B & & EETH )57 R
BEURJZ L T MLEE 15 Oncorhynchus mykiss Y3930 01 PR . AR A5 WU, s G N AERS
THIFEA B A UIR-ESZE AW, BRI LXK ™ i i 8 £ 545088 W o 248 EC S ML TR Aeromonas veronii B 2% ¢
TOBEAERT, oK™ it 0% B s O ff B8 fHoh B i
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AR I B BRI A R A R 4E AT R O R B it B 508 R TR A= ek
FEEIN TR R = AL SR B B E AR AU A RAE PRSI A VPG TE 3R SR A R
FPRA T o RN T A A8 i 4 FH 2 1R GB 27602014 5 28 4 [ AR E B G 3 I A AR v ) B9 AH SC L
EP
1.2 E4EEERATREHESESHENH &

S PHBE RIS O BRI SRR BN = R K R K K 3.0 hy B AR BR AR,
IR B I . B ERER (1.0 mmol- L") LA 1:50(m: V) IRV 15 h!', Z& & W45, EDTA jifi € )5 H
B PR BESH] 2.0 mmol- L™ BRI MEAEA-B 45, & M. IS, Wik, HEfEsaEn; £
BRI, AR 60 °C, pH 7.0, ARJNEE FH (4 000x16.67 nkat- g ") B fi 2.0 h!', 95 °C /KK
fit} 20 min, ¥WHIEEL, BUHBRG ER IR T, BUORYEARa Rk,

1.3 SiEAEENESFEEER-FEEYNH &

Z: i HONG S5 Jri fifEB i, B4 B I IR AR I KA 5 B8 Tk A A 10.0 g- L' BRI IKVAS TR, 25

O EBRUTTE . IR BT (FEIE IKA) Y550 ) [ isf ) A4 2 BV W h B R I A 2R B 5 i, 1593
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FEAHEAR-SESY . B0 mLAEAFSEARER, 230 A 0IR), 10, 15, 20, 25, 30 uL
PUEERS I, 7034 00 [BHZ% A 1 mL OO #R). 0.5, 1.0, 2.0 mmol- L' JE4- B 45 W, 15 340 10 A A
KRB B AR5 A U,
14 BEFEEARS FENNE

Z W XIE U J vk, il ad oy S HEBH Y = S0 A (335 7% (SE-HPLC), i W AH (i 4 (H A
A M E T EAKS TR, U225 TSK &K G2000SWXL # (7.8 mmx300 .0 mm), HEFEHE
25.0 uL, Vi 0.5 mL-min', ZEAMGINE$IE K 214 nm. DL =R WR-K-ZJE RFHEEN 0.1:54.9:45.0) A
WENAH . BRUEY A R C(12.362 kDa), ik (6.5114 kDa), FT Ik (1.423 kDa), Gly-Gly-Tyr-
Arg(PUfik, 0.451 kDa) Fl Gly-Gly-Gly(=Jik, 0.189 kDa)., ¥IR-GIRERBIERE, DIAREY > T2 (M) 1Y
XTEE AN AR, (R B BTT] () Rt Aeds, 7 O B B RDR SR Xz Rl A An v i 4k
1.5 B4 EBEAMRSHKFINEE

fifi FH Q-Exactive {5 43 HE AN (32 [E FEER ) XIAE S HEAT WA (435 FR B3 (LC-MS/MS) £H 4, i
1A R 100~1 990 Da™, i Jf] Peaks studio 8.0 #k{4-45 4 Mascot MS/MS 2 SwissProt 75 R EIEE, X
EFEA B Z T HI,
1.6 EFEEAR-SESYAFERIE

A AKBARI %51 fil ZHANG %P1 kR vE@G e, (AT U4 06 BT H AR 10 min 2 1 IRAEA
BEAKFESRER . A B EAKASESYMEE FRIU RS B E A K oF B 1ok B
(600 nm), THEAHXTME, AFREAKESES YR THREAR . XU =(4,-40)/40%100%
Hrbe A4 AR ZEAET AR FE AR R HIR-E5 25 (BO0 BR) OGRS, A, A8 IR LG
(AR

BB 2 b IRE 1 R ALHE R REAS T B4R 2 1 B AR5 28 A W I OEE (600 nm)™,  DASE A= 25 I k-4
AW R, ORI ARG OO 2 G R e PR 5

1 2S90 4K ki Az LA A A (B, Th/R30) £E 25 °C Nl I sh A G U (DLS) M 5E 5491 (1) -
Brkife 2 syt %k (PDDP',
17 8EAERHNEFEEAR-SESYNERIRRE

SR PR DU 1 R0 B 396 P 00 8 SR o BB M PRV S i ) 2 B B T IR-ES B B W R 2 B oK
Wi B0 25 L) U EEARS AL S 14y, IR TS 24 h 5, B%ROMED JTREIEN . RE TSR
GrRANFE 1 TR o SRR R A Y O 1 DR R AR A8 O TR S M T b Y A R B TR T
W R 2 10° CFU-mL ™', B4 {3 25 mL 32X AW, 7 5IHA 100 pL & K B 1) A3 R ARG v i)
A EEAK-SESY . A EEAR-SESY . WHER MM LR K ), RiHRA . S 2h i
SE 1 IR BB G (600 nm), RINES AES IR ACR . IR R=(4-A4)/4.x100%. Hri: A, kXt Bl
GRS, A W RRIE AR T R

x1 BREIEMTESIRE

Table 1 Standard of sensory evaluation

W e @t v [ T
T M, JAME. . i s, R R Rt AT et
R A B o R
a6 IVERE—, AR, S5 Vv RE, R, KA HOREERS RSk SORKUNE
7 SLEN BB E . 2hHe . VITE, i
|g  TEORSAUIRINRL EGUUE oy kR, A RHSORASH HOIBSE SRR
A4 7 B

1.8 HIEAIE
A LB HE 3R, B HE bR 22 3R . R RStudio 1.3.107 3 A4 X1 52 45 S gk A7 i &k
ST, ZRBEKERN0.05,
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2 RS540
21 EHEEARSTE

PrEf g RE R . 1gM=7.013 8+0.226 97, 14% *2 B4SEARNHSFE
BEIAF TR X B E AR S BEAM G, H Table2 Molecular weight of yak bone peptides
2 AT AR S BHEAR B R AR IRB B Y t/min S Fit/kDa i He/%
/NF 3.0 kDa, HH4rFim/NF 1.0 kDa FFE4H & <15.579 >3.0 0
B RK 5 43 K BE Y 95.867%, ViR B E kL 15.579~<16.363 2.0~<3.0 0.040
N TR 16.363~<17.688 1.0~<2.0 4.094
2.2 *%4:'%%551(%51(}5?5'] 17.688~<<18.508 0.5~<<1.0 34211

LC-MS/MS ¥ % B 464 B 3 11k 3 2R o) =~ =03 61656

ST T AR ol BEF o2 85, 40905 KB 336 Fil 285 5%, JKBXE 530 55%., LTS 945 M AKBEFAIE
B, HXF588 306~1 032 Da, KB EILIR Ky 7~37 4~ X H A4 FiE/NT 1.0 kDa H Al {5 %
Y 33 SRR KB (36 3) #E—2B 0T, FEA- B R AT Tl & RS Z BRI EAY .

x3 ELBEARDISHFIEEER

Table 3 Identification of partial peptides sequences of yak bone peptides

FERE CIEEiEs 73 F#/Da Jrividaa Ui

GPVGPVG 40.23 581.317 3 582.324 1

SVPGPMG 32.33 643.299 9 644.306 6

VPGPMGP 31.42 653.320 7 654.326 5

APGPVGPAG 34.80 721.3759 722.382 3

AP(+15.99)GPVGPAG 31.27 737.370 8 738.377 4 BHAL
FP(+15.99)GADGVA 34.14 748.339 1 749.345 7 f28 414
VP(+15.99)GPMGPS 33.76 756.347 6 757.356 1 25 eia
SDGSVGPVG 36.97 773.355 5 774.362 2
SP(+15.99)GN(+0.98)IGPAG 33.70 785.355 5 786.362 5 BIEA
GAAGPTGPIG 30.08 796.407 9 797.415 6

TPGPQ(+0.98)GIAG 30.34 797.3919 798.399 9 o Bk e
LPQPPQE 31.34 807.412 7 808.419 7
IQ(+0.98)GPP(+15.99)GPAG 30.19 809.3919 810.398 9 Wilkh, AL
AP(+15.99)GPQ(+0.98)GFQ 31.21 817.360 6 818.366 5 Ak, Wi
GPP(+15.99)GPVGPAG 33.96 820.407 9 821.415 4 BHAL
GP(+15.99)AGPIGPVG 34.90 836.439 1 837.445 6 BHAL
GPVGPTGPVG 37.77 836.439 2 837.445 6

TP(+15.99)GPQGLLG 31.36 854.449 8 855.456 9 BAAL,
GASGPP(+15.99)GFVG 31.32 860.402 8 861.4129 BIA
GPQ(+0.98)GPVGPVG 31.77 864.434 1 865.440 8 iR
GIQGPP(+15.99)GPAG 30.73 865.429 3 866.436 9 BHAL
AGPSGPAGPTG 36.13 867.408 6 868.415 5
GPP(+15.99)GLQ(+0.98)GVQ 3331 868.429 0 869.436 0 AL, Wi
GPP(+15.99)GPMGPPG 42.39 878.395 6 879.402 2 BAAL,
TGPIGPP(+15.99)GPA 41.22 878.449 8 879.457 6 BIA
GPP(+15.99)GPIGNVG 33.95 879.445 0 880.452 9 2 ia
GPP(+15.99)GPIGN(+0.98)VG 32.42 880.429 0 881.436 0 Bk, Wi
GPP(+15.99)GFP(+15.99)GAVG 34.44 886.418 5 887.424 9 BHAL
VGPAGPN(+0.98)GFA 40.33 886.418 5 887.4250 58 I
AGPP(+15.99)GPTGPAG 31.53 893.424 3 894.431'5 25 e1a
AAGPP(+15.99)GPTGPA 34.87 907.439 9 908.446 5 AL
VGPAGPN(+0.98)GFAG 38.51 943.439 9 944.445 9 iR

APGAPGPVGPAG 30.84 946.487 2 947.493 7
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23 EIENEERNES BEAK-BES MR IR
230 b denatad AL BRIIA KB TFAOF LML R FUIK OO IR) Sb, ORI e
S B VAL P 2 11 U0 5 0 AR T o A7 7E (2 % 05 5% (P<<0.05). PR ZF B A A ik
BRI, 2R F K- 2 ATk R ELAS I e A ik A PR, B 2 A RO R
by, BEAEWRsE, PTUHTFIRAIBMH &, JELLITTEH 2.0 mmol- L™ 484 B I S B 5
VL2 T IR R R A OO ) A, AR T A RIS it ) 5 AR i
2R IR 1 WO B AR A B 5 5 (P<0.05). I PR R b K T 20 wL i, 64 Bk
S HE I ) 0 F W, R EROE MR Ay R

HE/INT 20 pLi B A PIORIE B IR K, L) 0 7 o20mmol-L @05 mmol-L

Fasi PR F . DAL 2 9% B 10 mL A 2 5 7R 1 sy 3 7O mmeltl WA

- a @ a
JERHIA 20 WL PRI RE RS T R B A I TR R RS T 938 E g i B N R A
W g 100 H by {15 (B, fb
232 kNS WE s ferE 2 R }k
EUBKBORAE 7 167.8 nm., 4E25 B 2R 1 IE-4T5 28 41 : gl ke
KRNy 368.2 nm, ALHR YRS I 0 2 B 2 1 oo LLRTHR (VR [N (1A 100 (1
BAYRRA S 7802 nm, =% R (P<0.05); 0 10 20 30 40 50 60

t/min

AREANR, BT EARATRESY IR R smsomE R R AT R R E (P<0.05)
WIIORE 3 UK AR I E SO i | se s b s A B 0 B

HYE2E5] (P>0.05), HAMAERHE SV £ LS R A DAL
ﬁﬁ*ﬁ‘ﬁd\ﬁz 0.2’ %%%ﬁﬁﬁiriﬁﬁ%o Figure 1 Stability of yak bone peptides-calcium chelate prepared by
different yak bone calcium solution
900 c 7 0.5
o Rifg a
16 750 e ol ey
mXHE B 10uL a
B15ul @20l g 600 } los o
S a Tty
025ul o30ul @450 - b )ﬁ:
& 4102 R
™300 F } NN
a
150 |- |-—| 101
0 0
A B C
BEm
A I R AR B AR B E A RS A,
RIS o) R AT 2.5 53 (P<0.05) C. fUIEBLHE R R B 2 K- 65 B
NEESS #\\E‘D‘ = i 2
B2 RE) AR e ot 6, 58 A AR A 04 45 AN FRERIRAN AR i 1R 22 57 8. 2 (P<<0.05)
Hfr i B IR A AR MR e B3 Eethikiiad % oadsi
Figure 2 Stability of yak bone peptides-calcium chelate prepared by Figure 3 Particle size and polydispersity coefficient of emulsion of
different ratio of cinnamon essential oil cinnamon essential oil and yak bone peptides-calcium chelate

24 GIEAERBHNEFEEAR-SESYNEERR

241 BB R4 AL M UEDRE IR B R K-S A I BRTESY R 7.22 4y, B
BVERIRE R, 20—, o2, @F—5, T, WAEFWEAS. XBRaE, SREYHE, X
ANEAWE, Hi “FR7 WU oHE B E & T AR B (P<0.05),

242 EAR WK 4T 205, STIRAGES B E A K-ASE ST A B BT, RS
MR R ZAE; M2 T, FE4 B R A RS A YOG R (ARG R, 12 h R A -13.70%, HE
JEAEAH R MO B SRR AL R . RS TR VBRI 3 PR RS T A R AR B R K-S B A R R
P T BRI ROR, 12 h SRR 98 70.24% F1 77.33%., FEA Y 4E RS BB R 6 h MR Ky



602 WroIL R R K A R 20214E 6 H 20 H

*4 BRETMER
Table 4 Artificial sensory evaluation results

AL YRR O ; LR P EERS A FE

REREE ) PG R B 55 EE R PR JH i B/
N R I 2 PR N RN s R
RES 7.60+0.70 b 8.65+0.47 a SR 7.10£0.99 b 8.00£0.67 a
@i 8.15+0.34 a 8.25+0.59 a P 6.10£0.88 b 8.15+0.34 a
R 7.15+1.00 a 4.35+0.82 b T 7.22 7.48

Vil RRIFRE RN RE ] 22 57 835 (P<<0.05)

61.41%, H 6 h S RIGL S T ARG RER, SIS YIRS BONRE .

3 9t
ST BRI B 2 1 25 TR T R S I £ 127 a
DN FIR BB BRI . Ik 4 B 11 5 ool TR
R AHECZ T, /AT P 3o e A N [
B BT R, 5 B T R A ML R 2 06
KT AT S 2 B R 1A T = e < o (e
T LOKDa, JBF/NPTIE, BIE T8 A 03 mg E E o | [P
. o LHH [HH [0 b HE |
AWFI R I . K e 2F R K AE pH N T 6 8 10 12
7 AR, AR T P MO 5 4 1 I DH%D%¢wﬁﬁ@ﬁA%
LS|, 2 TR B T R, PR 1 k2 O MR R a
SIFUKIEIRW, TR RS2 A Y. R, 42 B CL P R TR B R AT 2
A= 8 F K A AR R B R (P) A H R R[5 R 2 b i 122 5 52 (P<0.05)
(G); HAINES-BUTTERICK "% S 3 s MVERAVI iy g gk g ot o d a4 KRB M0 8 00 40
S RV BT B4 B 1 L S - e ol R
X R G R EW A B T N ERIE 45K, \T Figure 4 Bacteriostatic effect of cinnamon essential oil and yak bone
%Ei }L ﬂq ?Aﬁ% EI/J ;F 5% ﬁi [30] . Jﬂj , tﬁ} L—,: JEL E El ij Hq peptides-calcium chelate on Aeromonas veronii

Tl & HER AR RS E A

PPN Z B S A A TR R AR bR — P, 5EA YRR IS Y TER R A B R R
SRR 50% HLREEFS B 73R IR FOE s TE B, oA MBS EIE M R 4", AKBARI %509 %
. BEEASE TR, BEAWRORARI N, ZHANG 2ECU & P, v S 40 B 1l RSP JIk A4 £ Fl
faf, T RUTIE SR Y (K52 G ARETE, BEE TR A5 BOR BEm, AxhE B &I, A
KAERITTEY), 5 AKBARI % 256 —3; Bk, i 2.0 mmol- L7 ¥E4 B ASIEW T L E G485, H
fasE bk AT .

Z 53 HLAE 2L (PDI) W] R FRAE YUK FLIBRL 1 43 A 15 &L, PDILB/INR R FLIRORL 40 A i3 )00, A
WFoEH, e s BTk R 2E B A KV R P I AR 2R A AT, RIAR I B, PDI &N, BEBIA
B O, BV T AREEEE A, Hr PR ARSI A RERRE I, FLVBCRIAR B R
EWTETE B TR AR T A 4 A1 B K53 A o

N TV R 2 A LR 0 B 5 B AN O T2 IR 5 i % %) G 8 PR AR o 10 R 2 1 B P K-
BTN PRI R, H “FR” T EEE TR, SRERIBRRAHLL, &
B 24 h 5 AR ERAR, W WEASYA — e MERIEA.

A W B W SR B R, A e A A R R K R AN K T A RO S, AR
JL B K i P B OB ISR Y AR ST R, A PR AR I 0 PR A R BRSSO S B R
SR AR ROR . 5 HUANG 250 g5 ARAT . BRI T, B84 MM B O B WU T PURERS i i B
W, CAES S EA GRS, K TR, A Bh TR KR 5 B SEE
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