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[ Abstract ] Objective; To determine the contents of macroelements and trace elements in bone marrow

powder (BMPD), bone marrow oil (BMO) , bone marrow protein (BMP ) and bone protein ( BP) from 4 types of
Xinjiang characteristic animals; sheep, bovine, horse, and camel, measure the molecular weight of BMP, and
provide a reference for improving the quality standard of traditional animal drugs. Method: Inductively coupled
plasma-atomic emission spectrometry (ICP-OES) was used to determine the contents of 15 elements including Ca,
K, Na, B, P, Ba, Cr, Cu, Fe, Mg, Mn, Ni, Sr, Zn and Si; 1-DE electrophoresis was used to identify the
molecular weight of BMP. Result: Four types of animals BMP bands were all shown at 66 kDa; the trace elements
showed good linearity; detection limits range was 0. 13-3.99 pg-L ~', with precision RSD of 0.2% 2. 7% and
recovery rate of 92. 5% -101. 4% . A large number of constant and trace elements were enriched in BP and BMP,
of which horse BMP showed the highest level of beneficial trace elements, with a content of 24. 92, 10. 83 mg-g ™'
respectively for Ca and P; the content of Na, K, Ca, P, Mg was as follows; BP > BMP > BMPD > BMO; the
content of Fe, Cu, Zn, Mn and other elements; BMP > BP > BMPD > BMO. Conclusion: The established ICP-
OES method was suitable and highly sensitive for the comparative analysis of trace elements in BM and bone

samples from different sources of domestic animals. It was suggested that, protein and peptide should be extracted

intensively to improve not only the comprehensive utilization of bone and bone marrow, and also could provide

theoretical basis for the research and development of functional foods and medicines.
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duolang sheep; Xinjiang brown cattle; Yili horse; Xinjiang bactrian camel; bone marrow
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BAEE AL,

66 kDa —— woees 1
45kDa e

35kDa —— =
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BAAE 200 ~ 800 nm Sy F 12X 56 Eh 4 %) W] HE PR
K 2 B 5 43 0l LA A T WO G 6 IR, R R
RSD 0.2% ~2.7% ,%& 0% RSD ¥ <3.0% , £ W%
BAE R EZ M, A R R R 013 ~
3.99 pg-L7', iﬁiﬁ%,ﬁ%ﬂ?r&aﬁiﬂ“%%%ﬂ%ﬁ/\
B BURE /N B B R A 28 B BE R OR i RN B T
LB (EE#D%L# T A o g, 15 FhoT R
S A 2R 92. 5% ~ 101. 4% |, 33X 8 B A< 5 1 1
Wtk RAF. 2 b AT B B, B R4 AORT 2% B,
CIRVRTFEEoIE7/E = R =T al AP Ve
3.3 4 FPEhYERER R RS A b
LRIV 4R RTEEICR Y EE
¥}y Ca>P >Na >Mg >K, %unﬁllﬂm?uix
B 7E 540.56 ~ 11 749.67 pg-g ', KKK I & H
BERIR > 4 HHEM R > FH MR > IK e 5 886
K, BHEEATHFEITEFHEE Na>Ca>P >
K> Mg, & A [8] oo & F ¥ & & 22 & 55 0 K
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Fig.1 SDS-PAGE analysis for four types of animals BMP Ej{j% —TF—‘ iéj & m jﬂ Ca>P > Mg > K > N‘d, An ﬁl‘ IETJ
®1 RENERBRGNFTEEZER
Table 1 Results of experimental condition and methodology tests of element

TR P /nm 1= 75 78 r K tH B/ g L7 G % B RSD/ % I i A2/ %

Na 589.592 Y =3 363.935 8X +23.046 2 0.999 9 3.99 0.9 94.2

K 766. 491 Y =8 494.725 6X +428.258 0 0.999 9 2.36 0.7 93.4

Ca 317.933 Y=2019.831 1X +11.696 4 0.999 9 0.52 2.6 96. 1

P 213.618 Y =56.970 4X +2.829 6 0.999 9 2.25 2.3 92.5

Mg 279.553 Y =9 620.693 4X +4.913 1 0.999 6 0.79 0.8 95.3

Fe 238.204 Y =304. 466 0X +2.220 9 0.999 9 0.58 0.8 99.6

Zn 213.857 Y =1591.442 8X +2.869 4 0.999 9 0. 68 0.2 95.17

Cu 324.754 Y =3322.3654X +20.995 5 0.999 9 0.79 0.7 97.1

Cr 267.716 Y =247.692 5X +5.286 3 0.999 9 3.91 1.0 99.2

Ba 455.403 Y =338 241X +126.603 0 0.999 8 0.13 0.6 97.3

Ni 231. 604 Y =242.188 6X +4.363 52 0.999 9 0. 62 0.6 99.17

Sr 407.771 Y =265 798X +813.690 0 0.999 3 0.84 0.9 92.9

Si 251.611 Y =86.316 2X +1.296 0 0.999 9 1.77 2.7 93.17

B 249.772 Y =200. 885 0X +11.696 8 0.999 9 1.02 0.8 101. 4

Mn 257.610 Y =3 051.882 2X +2.830 2 0.999 9 0.53 0.9 98.7
TER B AR E 4 Ky 20.65 ~70.97 pgeg T, B BERERIA R Gl TR S T b A

B > 4B BE > S E R > AR LR Ll L D Ca B MU (24 92447 pgeg ),
BB EAMM PR R CR S EEFER,SME SR OCR M IS S R S E AR

FIEid S Fhvi B0 3R & B T A BE R R A,
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Table 2 Macroelements content of bone marrow powder ( BMPD) ,bone marrow protein( BMP) ,bone marrow oil( BMO) pgrg ™!
[LES Na K Ca P Mg &it
EEHBEMA 132. 10 25.18 934. 88 559.83 58.74 1710.73
Bk R 123. 14 9.62 2 685.71 1 005. 36 90. 72 3 914.55
I B R R 189.26 40. 01 8 432.95 2 956. 08 131.37 11 749. 67
B e B B R 4.49 1. 80 382.95 137.33 13.99 540. 56
EEBEEA 11 786. 09 6 159. 87 3 760. 61 5 905. 49 1 .030.79 28 642. 85
FEMEA 16 693. 21 5 867.49 4 693. 64 5 375.05 1 034. 60 33 663.99
OEREE N 9 567. 65 2 963.07 24 924.47 10 830. 96 1224.21 4 9510. 36
eIy S REE M 21 060. 81 4 467.98 5 055.53 5 277.03 986. 21 36 847.56
E g al| 1.22 2.05 12.02 19. 54 5.27 40. 10
A= i 1.08 0.56 21.40 20. 58 4.71 48.33
Rl 1.0 1.86 49.03 15.24 3.84 70. 97
i Y B HE - - 4.38 15. 14 1.13 20. 65
W =" RARARK M (K35 W),

3.4 ARG ERERM AR H Eéﬁﬂﬁ“ﬁuﬂﬂﬂlﬂﬁi
TLRFEHILK 4 MEMEBRhMEITR P

F/NHK Fe>Sr>B >Cu>Zn >Ba>Mn, HAh 3 ﬁ;
(Cr,Ni,Si) A KM, i a) o0 28R & A8 05 43 0 8
6.69 ~76.78 pg-g ', RK/AN W E BB K > F 8
AR > B8R > FEH AR, BHEN P RUE
JTLEEHERE N Fe>Si>7Zn >Sr>B >Ba>Cu>
Cr>Ni> Mn,nuﬁlﬂﬁ?/u\gﬁ{fﬂgﬁj\%ﬂﬁ 490. 06 ~
947.43 pgrg KN HEEREEA > FEHES >
HEgEE > IS EEE N, AR TR T

A
E

Cr, Ni,Si ZEICE ARG I Y, it ol 18] 0 28 8 22 1
%Uﬂv 1.89~5.28 pugrg ~, K/ jvﬁFﬁ” it > 5% G
B > S B > S A Lk
10 ﬁﬁ% T %X%ﬂ{ﬂﬂ ?érﬁ" i H Y
Si & e T HARAE A A S B ST Rk
?Uﬂimo BESEEBER A Si, Mn 28 ZHhT R AR
A HaEE?ﬁnnﬁi&iﬁcﬁﬁ,JJHZJF‘FzJEﬁdJcJ‘ihtPE%
TR KGEA K, AFMEITR Pb, As, Be, Bi,
Cd, Sn SR RAGI I, 1400 25 3 W A5 67 4 It v A
753371:%50 Zib EMEA A RE S NS

¥~ Fe>Cu>Zn >B > Cr>Ba>Sr>Mn,Hr R LR G5 FE 3,

*3 BUEBKX . BHEANBHATHMETERENN

Table 3 Trace elements content of BMPD,BMP,BMO pgrg ™!

[EIES Fe Zn Cu Cr Ba Ni Sr Si B Mn At

FE B R 20.24 2.23 2.41 - 0.93 - 2.83 - 2.89 0.15 31. 68
4 E B AR 5.89 1.48 1.58 - 1.46 - 6.43 - 7.55 0.19 24.58
g BEK 36.35 4.95 5.03 - 3.18 - 22.63 - 4.37 0.27 76.78
i IR R 0.22 0.25 1.86 - 0.49 - 0.95 - 2.89 0.028 6. 69
LHBEE N 799.51  36.54 6.95 4.30 3.01 1.13 14.95 58.51  21.38 1.15 947. 43
B 620.28  43.58 8.55 4.56 13.79 1.62 18.77 72.39  22.32 0. 84 806. 70
B R 407.16  32.60 4.39 4.44 17. 45 5.32 72.98 72.38  26.70 0.74 644.16
e T BB TR 1 282.69  36.80 8.67 4.96 9.10 2.61 29.27 48.78  64.84 2.34 490. 06
S Rl 0.23 0.09 0.48 - 0.03 - 0. 06 - 0.91 0.09 1.89
A BE 3.19 0.27 1.01 - 0.21 - 0.12 - 0.4 0.08 5.28
R 0.27 0.39 0.95 - 0.12 - 0.17 - 0.32 0.02 2.24
08 T B 2.33 1.13 0.55 0.65 0.09 - - - - - 4.75

<43 .
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3.5 A B REATEEOESEILK 45
HEREAPEFELTEEYNFTEN Na>K>P >
Ca > Mg, Bl ] JC 2 35k 75 5 4 1 8 49 631.79 -~

s~

R4 AMHYBREOEELEIRESH

83826.71 pg g AHHEEH > WIS HEA >
EBﬂJﬁEE{ >EFFREN;Ca THRFEFHEH>S
JRAE > A EREE > WIS RN, LK 4,

Table 4 Macroelements content in four types of animal bone protein( BP) pg-g"
[LiES Na K Ca P Mg &t
FHREA 35961.93 9 459.20 1726.53 2187.13 297. 00 49 631.79
4w R E A 56 671.25 19 716. 69 1 084.42 6 070. 04 284.31 167 653. 42
g REA 43 989. 62 15 617.24 1 695.52 2 487.25 262.02 128 103. 30
WIEEREA 55767. 11 13 721.03 1 084.16 2 955.08 276. 47 147 607.70
3.6 4FEYEBEEAPMEBEITREREILK 4/ AEBEREASPFEREA > KETHEA > FF
BB U H A B R DR S R/ Sio> Fe > FEHERMEREAS IR T RBZEA —EN
B >7Zn >Sr>Cr>Ba>Cu>Ni>Mn,i#fETHS ZIE, BHMEASSELERENZL 2 ~5 4, Fe
A IEALE S 187.60 ~457.86 pg-g ', K/AHE HEEZ 1275, In TEEZ2~4f5,PEEEL2~5
HRER >KEEREA > FEREA >PFEHRE B, XL LRV EHERSRNEL T
Ho ZZGR 45, BEAT IS MIULRE SRR/ FUEH,ZRILES,
xS AMPYEBEREEMETERESY
Table 5 Trace elements content in four types of animal BP pgeg !
[EIES Fe Zn Cu Cr Ba Ni Sr Si B Mn ait
o B H 29.65 14.96 1. 00 4.29 3.54 1.40 10. 90 119. 04 62.39 0.11 247.28
LFREA 37.72 8.34 1.53 5.00 1.16 1. 60 5.37 80. 82 45.91 0.15 187. 60
oE A 242.76 15. 68 1.13 2.68 3.65 - 9.18 138. 66 44.03 0.09 457. 86
IOy R 31.38 17.73 0.90 2.00 1.56 - 6.25 122. 64 85.13 - 267.59
3.7 HWEMEBECESRESGHN SHMTAN 1 mg-g H5HR Na,K,Ca,P, Mg,

*BTCEFEjZ(ﬁ%%‘T“EI”“%ﬁ* ME s s
B O BB R I E AR B A R T oo R
HHITRG A IR AAEENE L, 4 Fhah¥)
R+ R TR & K/ F 8 Na > K > Ca >
P>Mg>Fe>Si>B >Zn>Sr>Ba>Cu>Cr>Ni>
Mn, 4 FE 8 H Na & 388 7 HoAb il &350,
MEMHERSARLH Ca,Fe,Zn, Hrh, LaHEH
HITE&EK/NA Ca>P>Na>K >Mg>Fe>Sr>
Si>Zn>B >Ba >Ni>Cr>Cu>Mn; ¥ iEMHIT
EZ&mK/MyNa>K>P>Ca>Mg>Si>B>Fe>
Zn>Sr>Cr>Ba>Ni>Cu>Mn, G EHEEALE
i RK/NAH Na>K>P>Ca>Mg>Fe>Si>B >
Zn >Sr>Ba>Cr>Cu>Mn,5HA 3 M8 HEEAME
O EBEEAN G Fe TR & BRm. B
HEHWALT &R RN ITTRKK N Na,K, P, Ca,
Mg, Fe, 1 5 & 6 4 1 & & e B9 TR KUK Ca,
P,Na, K, Mg, Fe, ‘& %18 & HF R a 08 >
.44 .

4 WHig5ER

VAR, JC K G250 Al = R R T T
0 JFG B 78 Al A 5 D TR F 9 RS T AR Kk R, 4% b
BT T A () 0 2 RN R A 25 S 2 B 1 255
FUE S A 3 20 e e, T T4 X 4
WH P,Fe,Na,Ca E LR FmitIT00, 45 RER
BT ETRE T A B e 2T 50 5 2
Wi R FG I S P R B A e R A, IR
o T 38 A AR B A SR A L X AT A R T
B A T Bebe i, 22257 4R 2 B o o
Fe,Ca,P ()& i, UM KRG AE4R 55 Fe B4 3505
S, BEEMEBETCEREMERED,BE
2V 20T S ) 2 2 T R[] o A A L i
54l IR EE 120 C, 25 0.5 h 5 & Bk e {H, b
Piof i) 22 <. 5 i T A WG o AR SCB R AR 1 7E TR T o
AR SR BRI T TR S 2 RO, X T
A b T i) IR R S S B 2 o T R i £k
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WO ZEZ R AN E R . R E B MG K 45 1 2 B0 AR R R A TR S R T AN

W BFLE S, 16 [ By b A2 B E G R R B R 2
AEJ5 AR 2 25 FA D AR A AR SOL R
AL, P BR Zn, Mn LIS Al G 5 & 5 B EAR, 2
L Ca,P,K 255 5ONHE AR, 725 181 H] 5 a4 A i 5
FEEBAN, RS IE BT IR A T FF 2 A A o AS S 55 BT il

®6 BEBREEOEMETERSILE

AR TR AR L PR AN [ F A7 1 I3t R G il o b 3A S
WK 7 1 AR 1 T B B I 23 T b B, RS T R I
Ao brih, FECE R T, BE A LR &R MM
R T A GRS Ca, P, Zn 5577 SN 255 1] 2h )
AR F RESR = HE IR X HEAE R AR 6

Table 6 Summary table of macro and trace elements from various kinds of bone and its protein neg g~
i H Na K Ca P Mg Fe Zn Cu Mn Z% ik

4 1 200 - 5450 1 900.0 - 48.0 - - - [26]

4 A 650 - 110 171.0 - 28.0 - - -

T B 2 Ry - - 19.30% 9.39% - 52.0 7.1 0.4 - [27]

R P R ) - - 2.67% 1.22% - - } -

LS - - 16.24% 8.50% - 112.3 - - - [28]

e 4.454.0 254.8 61.4 40.8 1275.0 12.7 - - - [29]

Y E 5930 380.0 27.20% 12.60% 4730 96. 4 81.4 2.0 2.0 [31]

EE 4 580 720.0 18.18% 8.30% 3200 39.9 89.6 3.2 3.8

WA 5 390 470.0 21.11% 9.16% 4 000 52.5 48.6 3.4 4.2

% B 0.6 0.2 19.9 9.1 0.4 140.0 94.5 5.0 2.7 [32]

FHBEA 11786.0  6159.8 3760.6 5905.4 1030.7  799.5 36.5 7.0 1.2

FHREA 35961.9  9459.2 1726.5 2187.1 297.0 29.6 14.9 1.0 0.1

FEBEE N 16 693.2 5 867.4 4 693.6 5375.0 1034.6  620.3 43.6 8.6 0.8

o EEE 9567.7 2963.1 24 924.5 10 831.0 1224.2  407.2 32.6 4.4 0.7

LEREA 43989.6 15 617.2 1695.5 2487.3 262.0  242.8 15.7 1.1 0.1

T - RN R ILHGE

R TT B 5 M B 56 B R X T A A B
T BR B ATk 2 — o P2 R R By R A
5 R T R B B R VR 2552 AT RO EE
B R 2 Ca 1 P4 R AR OB R
BEEE A B TE A ) P Ca f IR A 42 4
ST EBEN R, DEMEN AR REA . D E
5 W i v AR 4 0 T B R L D B TR
VA ERES B EE. AF R, TR
2 VIS S A R LA 1 T R A A
XI5 R R W W N, R
W RIET AR S5 45 B0 07 12 36 7 T2 B A VE 4 0l , B
ST B Y I G A 2 Ik X/
Bl 3 0 LA RO T . DA SRR S
Ca,Mn 0 EBMA K. ARESED HREES
8 FAMILZG , % B P Fe,Cu,Zn & EEIIR . 3
7K 5845 U R GEA I LK L IR e B R IE A A 2, &
BUH R Fe, Cu, Zn 45 £ 545 % , 32 W3 26 25 4 4b 1M
SEAE S S L R A O, AR SLE B 6 1 T Fe, Zn,
Cu 25 TE 2 & 4y , T LU i 25 £ (a5 5k 25

R AL I RE B & 28 B BRI BE A T S IR
S R RN A A 22 5, T AR R B 15 X 0 B
Fo BB TE RE 7 P 2 TR AR
/NA Ca>Fe>Mn >Sr>Mg >Na>Zn, 5 5EEH
FIB% B8 B 85 I & M JT R & i NI T T %
FATTRIR/MEF . BRAEHEEATR TR K
KT T & W DT R, A LE A o b 2 0 e 5
PRI 20 s b o 1 DR AR 25 Al A s B b 2
DR E I I e rl P S U (R i -4 S K
B — PR R

25 BRIk B B A MR B R — A B Y
HEAE, FHEAEZ A MEAER S Kb Z ik
FY B, WORETTR AR ARz, A
RN — A5 1 3 3 B B O SO AR A T
N RRE o R e T R 1 B SR AR BRI A
hOEBERIE BUE AR MR TR SRS T R
AF, Hrh D B TR i E W, Ca, PR
REOPROP A E Ny 24.92,10.83 mg-g 15 F i
JLEK (Na,K,Ca, P, Mg) & K/ A B8 >

<45 -
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HREE > E Bk A > B8l H Al R TR
(Fe,Cu,Zn,Mn 55) & i K/NIF BB EH > 45
JREH > B AR > . BHAERUERS
ZRA M E IR S, SR UE S Ca,Zn, Fe
SEIE T M I A RE A8 5 AL B 25 T RE, o se
M & B SR RE R U R R AR .
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