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Abstract: This study used yak butter as raw material to explore and optimize the extraction process of sphingomyelin from yak butter in
organic solvent, and the fatty acid composition of sphingomyelin was analyzed. The optimum extraction conditions of sphingomyelin were
obtained by single factor test and orthogonal test as follows: chloroform-methanol (2:1, V/V) and crude sphingomyelin: liquid-solid ratio 10:1
ml/g, extraction temperature 40 °C and extraction time 1 h. The extracted sphingomyelin was used as the raw material and the fatty acids were
esterified by boron trifluoride methanol method, and analyzed by GC-MS. The results showed that sphingomyelin contained 82.79% of
saturated fatty acid and 75.70% of long chain fatty acid, and the content of polyunsaturated fatty acid in sphingomyelin decreased from 7.98% to
2.83% after purification, the content of long chain fatty acid decreased from 85.04% to 75.70%, the content of super long chain fatty acid
increased from 9.57% to 23.15%, and the content of branched chain fatty acid decreased from 10.43% to 8.69%, indicating that sphingomyelin
is mainly composed by long chain fatty acid and saturated fatty acid.
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(L) WEARMPEE BURE R, BNHERIEF,
£ 45 °6, fHIRIEY 30 min. FEERmHEMLE, A
IECkE, 145 SCHEIEIRY 1h, AEBUECKZ,
Rl A (B0 CHHATIEZS . HEZ% /a3 BRIk
WAk, IINTRER, N4 ICFEFRE -, DMERERE
UUVE. FRHHTIERE, MRERBEIET 35 RS
T 1h, REAET AR AIRBENERAGE Y.

(2) FHESBE IR B TR IR AR 21 A
BUE RN, IMAKHE LR 1:10 [ 2.8%, 1E
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BB, USSR, IR R 2 ROk
GRETR, TIRAERY) AR .
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(1) SRR % B 0.5 g IR, T3k
Erh, NN 10 mL FREEAN 1 g AU, BMERE T,
65 TGk 2h.

(OMRA: A, IR EERRRR L2 pH 4 2~3.

(3) #HL: A 10 mL ECk:, #ERG, #E
10 min 732, BUECKEE T 5 — TGl .

(4 FHg: RS TEIECK, SRS
HE TR -

(5) HlRf: BCFEERARITER M 1 mL i
S H0N 15%11) BF, AT, 90 R 2 h.

(6) ZEHUMAL: AWHISIA 2 mL IECkEiT &
O, J'd, N 2 mL R NaCl 3, DREE,
3500 r/min &0 2 min, BUE W E T A — R E0E .
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Fig.1 Effect of chloroform-methanol ratio on the yield rate of
sphingomyelin in yak butter
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Fig.2 Effect of extraction temperature on sphingomyelin yield
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Fig.3 Effect of extraction time on the yield rate of
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Table 1 Factor level table of orthogonal test Lo(3*)

BH&
KF i RREBE ERE 5D
A(mLlg)  B/C Ch
1 8 30 1 0
2 10 35 15
3 12 40 2

* 2 [EXRWRES R

Table 2 Results of orthogonal experiment and range analysis

RBF  ARA/(mL/g)

BB E/C C xRt/

27 D SMZEEM%

1 1 1 1 0 1.85
2 1 2 2 0 1.25
3 1 3 3 0 2.56
4 2 1 2 0 2.63
5 2 2 3 0 1.07
6 2 3 1 0 431
7 3 1 3 0 3.65
8 3 2 1 0 1.46
9 3 3 2 0 3.27
Ky 1.89 271 254
K 2.67 1.26 2.39
Ks 2.46 3.38 2.43
Ry 0.78 212 0.15

K B IMr2ont IEAS g 2 Rt AT 704, 0t
SZERINK 2 .

MK 2 P R) TSR T IR Y, SR Z e
PR ¥ B R R 0 R HBCRER B i ) KN RO N
RB>RA>RC, BINZ il FERHE Ik - SR 1 52 X

RORFEMERR, FUGR MR AR ). BEBEARHY
RITRI T ZEH AN ABCy, RIS LS F A6 e
WORHEE Y 10:1, RARIRIE A 40 SCIRARIS (A4 1h,
ZHFAET, BEEEIRIITS 3R A 4.31%.
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IRAR IR AR AR [ 4G ki BB IR 45 2R O R A REMZER (p<0.05).
3 BIEBEAENR

Table 3 Variance analysis of sphingomyelin extraction rate

THRR BHEF A B WA BT F p &
2R 64.26 7 9.18 273.06 0.004*
AR/ (mL/g) (A) 1.45 2 0.73 10.08 0.044*
FRIEEIC (B) 4.25 2 213 26.03 0.016*
#ReEFE/Mh (C) 1.74 2 0.87 21.65 0.037*

RE 0.07 2 0.04
EER 64.33 9
E: % p<005, ATERLE.
F 4 TEMHBPIEHEEEE %) (MeantSD)
Table 4 The content of fatty acids in different samples

& R BR BRib B AL ARG sh AL B IR

C8:0 0.04+0.00 0.00+0.00 0.02+0.00

C10:0 0.38+0.04 1.43+0.13 0.20£0.02

C12:0 1.02+0.10 2.9740.23 0.93+0.09

C13:0 0.05+0.01 0.13+0.01 0.06+0.01

Iso C14:0 0.10+0.01 0.44+0.04 0.11+0.01

Cl14:1n5 0.02+0.00 0.30£0.03 0.04+0.00

C14:0 9.44+0.96 8.81+0.86 7.34+0.75

Iso C15:0 0.37+0.04 1.07+0.11 0.53+0.06

Anteiso C15:0 0.34+0.04 1.79+£0.18 0.49+0.05

C15:0 3.46+0.35 3.25+0.33 3.95+0.41

Iso C16:0 0.18+0.02 0.94+0.09 0.76+0.08

C16:1n-7 0.07+0.01 1.86+0.19 0.68+0.07

C16:0 38.58+4.01 17.59+1.89 19.60+2.16

Iso C17:0 1.45+0.17 2.47+0.25 3.33+0.04

Anteiso C17:0 0.81+0.09 2.71+0.27 2.3940.02

Cl7:1 0.00£0.00 1.27+0.13 0.21+0.02

C17:0 3.35+0.34 3.87+0.40 6.34+0.70

3,7,11,15-tetramethylhexadecanoic acid 0.00+0.00 1.03+0.10 1.09+0.11

C18:2n6 0.48+0.03 3.01+0.30 1.71+0.18

C18:1n9 2.03+0.20 9.79+1.00 7.32+0.74

& C18:1n9 0.08+0.01 4.92+0.50 6.89+0.70

C18:0 27.49%2.76 16.59+1.67 12.02+1.21

CLA 0.26+0.03 4.23+0.44 0.85+0.09

C19:1 0.21+0.02 1.02+0.11 0.42+0.04

C19:0 0.69+0.07 1.20£0.12 3.38+0.34

C20:1n9 0.00+0.00 0.13+0.01 0.88+0.09

C20:0 3.75+£0.40 2.90+0.30 6.670.77

C21:0 0.87+0.09 0.50+0.06 2.51+0.23

C22:6n3 0.00+0.00 0.17+0.02 0.07+0.01

C22:5n3 0.00+0.00 0.58+0.06 0.20+0.02

TR
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ELER
C22:1n9 0.00+0.00 0.27+0.03 0.10+0.01
C22:0 2.07+0.24 1.18+0.13 3.94+0.41
C23:0 0.96+0.08 0.67+0.08 2.06+0.22
C24:1n9 0.06+0.01 0.06+0.01 0.16+0.02
C24:0 0.93+0.09 0.55+0.06 1.900.21
C25:0 0.11+0.01 0.08+0.01 0.28+0.03
C26:0 0.39+0.04 0.28+0.02 0.59+0.05
BCFA* 3.24+0.31° 10.43+1.05 8.69+0.88°
SFA* 97.04+9.72% 82.49+8.26" 82.79+8.28°
PUFA** 0.7120.07% 7.98+0.80° 2.83+0.20°
MUFA* 2.250.22° 9.53+0.93° 9.33+0.83"
LCFA* 88.51+8.83% 86.04+8.60° 75.70+7.41°
VLCFA** 10.05+0.10% 9.57+0.90° 23.15+2.29"

72 : BCFA( ARG A7 BR) SFA (JaA= R A7 BR )  PUFA ( % T e Aw g A7 B8R ) - MUFA (3 T taAe g 78R ) - LCFA(K 425 78R ) VLCFA(R

KEEIEER). 1so-& = % 45, Anteiso-R TR X L 4. *: p<0.05, A FEFEFE, *: p<00l, A THRIFEFR,

23 FERTERRSES o1

231 RBEE SR8 AT BRI 2

W HEE LS IR S A TS AL B, 15 B BRI AR |
FHEERE AR A AL BENE 3 FIAS[RIRE & i e W R 7
&=, SHTHEST, Wk 4 . ¥R GCIMS
L 4.

MR 4 FTULEH, FEARERmE TG AR 2l
1S e H PUFA A1 VLCFA K& E B AW B EM 2
% (p<0.01); BCFA. SFA. MUFA #1 LCFA )& &
HEBEMEES (p<0.05). MH, #WE+HSHIT
20%IE TR S BN, Liut®), M e PYse A
FUUERA T SM H 81T (AR AR A2 RO PSS g 1

NEWIR & 2 A WA 5.

FHIE 5 FTLAE HERIBEAE . R ESRE R Rl A b Bk
JE A i T R AT R FUT R 1) B B SR Ay, IR
i i o B I Iy 1 A0 A T 5 2 23 i) A 88.519% A1
97.04%; AHEHBENE 5351 85.04%F1 82.49%; ik,
NS A 75.700680 82.79%. WRIMEEE T, &
AN i R AN 22 ANV R g I R R A A, 43R
2.25%71 0.71%. ZitHealifs, AiAbEsme s
REWTTR & A — AN R, A b T IRy B i Rk
HEEENS, I 10.05%F0 9.57% N5 23.15%; H.
FELEH 0 5 Al A BB N 1 SCBE IR TR IV & AN AL
IR I & T ARk, (H 2 AR TR A 2
WD, M 7.98%P% 1K N 2.83%.

= = . [21) e FITE 2 35 HH A HalR S AR 54 120 - oLCFA(ICHERE M) o SFA(HLAT B i)
ZHUR: Raichur™ S5 N B FER IR AHEIR RE (L LR IR ®VLCFAGEKHERIRING  wPUFA(E ARSI
ﬁﬁﬁﬂ%%éﬁﬂﬂ@ﬂ‘]{}%to 100k BCFA(SCHEME I EY) ® MUFA( AR T R
100 - 29.81 I [
c\o | _ -
zg + 5153 2608 s < 80 I I I
o L EE
£ 70t & eor
ERr 23.88 38.52 §
2 S0t w 4or
o
[7] I x
& 20 o 18.08 0 _J = | .__- 1
10 - I ﬂ Rt T R NE AL BRI
9.23 92 |
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Fig.4 GC/MS Chromatogram of sphingomyelin
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Fig.5 The content of fatty acids in different samples
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