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Abstract: The visceral fat of Tibetan sheep fat was used as the raw material. Tibetan sheep fat was prepared by five
different extraction methods, i.e. dry simmering, wet simmering, water enzymatic method, ultrasonic-assisted enzymatic
hydrolysis and Soxhlet extraction. The effects of the five extraction methods on the quality of Tibetan sheep fat were
investigated by taking the physicochemical properties, fatty acid composition and oxidative stability as the indexes. The
results showed that the peroxide value of the Tibetan sheep fat extracted by the ultrasonic enzyme-assisted method was the
lowest (0.02 g/100 g), and the saponification value was the highest (227.08 mg/g); the oxidative stability of the Tibetan sheep
fat obtained by the ultrasonic-assisted enzyme hydrolysis method was superior to that of the Tibetan sheep fat extracted by

the other four methods; the results of fatty acid analysis showed that a total of 36 fatty acids were detected in the Tibetan
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sheep fats obtained by the five different extraction methods , among which stearic acid (34.75%), palmitic acid (34.03%), and

oleic acid (63.88%) were the fatty acids with the highest content percentages in the Tibetan sheep fats prepared by the five

different extraction methods. Among the fat-soluble vitamins, the content of VA was the highest in the five types of Tibetan sheep

fats, with an average content as high as (131 389+17 903.49) ng/g, and the contents of VE were higher (P<0.05) in the Tibetan sheep

fats obtained by the dry simmering (5 079.79 ng/g) and ultrasound-assisted enzymatic hydrolysis (4 911.25 ng/g) methods. Based on

the comprehensive comparison, the ultrasound-assisted enzymatic hydrolysis method led to a Tibetan sheep fat product with a higher

yield and the best fat quality, which laid a theoretical foundation for the development and utilization of Tibetan sheep fat.
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Table 1 Effects of different extraction methods on the basic physicochemical indicators of Tibetan sheep oil

R Tk B /(mg/g) it AAAE/(g/100 g) AE/(g/100 g) 2AAA/(mg/g)
SM 239 +0.13° 0.03 +0.005° 12.04 +0.04° 195.59 + 1.86°
GF 1.96 +0.58" 0.04 +0.005° 12.06 +0.03° 212.03 +7.90°
SS 1.38+0.29 0.11 +0.035" 11.59 £0.08° 227.08 +3.21°
CS 1.84 £0.50% 0.02 +0.016° 11.81£0.18° 227.08 +3.21°
SF 2.52+0.22° 0.07 +0.018° 11.25+0.37° 151.97 +4.83¢

i : R SM KB, GF AFiE#4), SS A& KINEE, CS A BHEME, SF AR ERS. R¥ R REFE
ATEFRE (P<005), LFBIMRAFHLETEFAEE (P>005), FR.
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Table 2 Effects of different extraction methods on the remaining physicochemical indexes of Tibetan sheep oils and fats

%9 REBR Tk
SF SS GF CS SM
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b* -2.16£2.37°  —0.41£0.40" 1.74+0.33 1.51£0.41° -0.11+1.84"™
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Fig.1 Effect of different extraction methods on the oxidative
stability of Tibetan sheep oil and thiobarbital acid value
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RSN R NE 4. TR AR $2 BT 1060 58
THHE A R WU B 36 FPAE MR, F IR (C8:0). O
g (C6:0). - F Bk 5 BR (C15:1N5) Fl Jx i g
(CI18:1TN9) KA H]. +-LHMER (C17:INT).
FEAEIMER (C16:1N7). VR (C18:2N6). Lk
iz (C17:00. fEIFER (C18:0). i HH R (C16:0).
TR R (C20:1N9). A RE S EE (C14:0).
g (C18:1N9) J2& X T Fh A [A] $2& BX 77 % 7 = W fIg
FhaERE MR ER. b, iR (80, %
2 (C10:0) Al Total SFA [ & & & A & & M
(P>0.05). &% B4 MR, A FHEE
TIESE U P, R DT RR A ARl AR
e A R (C18:1N9). WiifE (C18:2N6) #il a-
TERRER (C18:3N6), {H% s R 1 &5 A SCh B
Z5, nReR MY S P B 22 s s .
MR RIS B2 (Total MUFA). A 22 AN A0S
Jilg (Total PUFA). & N3 ZAMEAIfIEE (Total
N3). i N6 2 A1 A G 7 EZ (Total N6) 1) 7 &
TER L&) (SE) G E i g 22 & T HAR A
(P<0.01).

MR — R R R & EE, WRVkEEH] (SF) JCEh
HEHERAE (C16:0) 7 A HAh U A S HL 7 V28 3
WA R, A 4750417 pglg, HRCAHZ Khiz
(SS). TEEH (GF) A AEHBIEEE (CS),
IKEEEH SRR, TIHER (C18:2N6) TEIRIAAK ]

(SF) JEEM i h & & mN 5 136.39 pg/g, ERIK
VL (SS) kMG & E AR 3 985.3 pg/g
T RRER (C18:3N3) TEIR LA (SF) J# = it g
RN 81643 pg/g, MTERKHMHRIE (SS) 5K
IR B R, N 627.41 png/g. (HAF IR
(C18:0) FEAEMVEELS] (SF) J6k =F vl Jlg o J AL,
941 961.88 pg/g, fER KIMFETE (SS) Tk
& (GF) & &R S, 708 48 270.63 pg/g
H1 46 782.03 pg/g. MEIHER A FRER 2 N A% 75 MR T
g, 0 NARNE AR B EZAEA, nAa R
A EE R SR, BRI, T
JE R I A R e o i LA R R

B 4 g FORPOAS [F 3R B 1 BT A5 98 = 9 i R I 1
SE. B, WRRHR (SFA) & 81 LR F K
FER A REZES, ¥IEIA 98 559~107 143 ng/g,
Ui B AR BT V0 A IE 7 R & B R A . (AR
TERISR, VR R R R R R R AN 2 R R
TR ARG, RIS R AR E R, 7 AR
W, BEARER S EE R IRk & B, RNk
PR AR, TR D2, TR R,
% ANV RN R B I 7 R 1]t s A A N Lk AR
WG KAEMRPAMN, BT 2B E =M E
Ab, 3 2% FLRR 5 b A R R R AR AT R
Wi, AT SN0 B e S R B o 78 FORh AN [R] i
F A, MR TR HT TS AR TR 2 A A 7
g (PUFAs) &=, XWENUE T EA MR T
IS, WP HGECE R B AR AR B b 22 R (A R
Wt T H AV ZH, w8 G BT SE AR B R ™
P BB AR R (CS) RIEIEEK A (SF) A
VAN TG T R B B e T A = (P<<0.05).
n-3 Z NULFIE i 2 B 4 DHA . EPA %5 B A5 [& MK iH
L. o =Fe. R RS, Kk E. g
AR 1k g R A [ Th 3G n-6 Z AN AR
97 B AN A6 A VU I I B A TR 22 Bl . T S R
i, T AL AT PR A IR (1 Th AERY . AE AR IR
n-3 Al n-6 ()5 5 AE TR IS BT o A S
7N, AL FK 1 S ek I b A At DU R AR B v 22
REE (P<0.05), FEIEZHEGHRE T
JEH B STy . TEARIEH, IR & 1
RIRMPEET & ERE, EREERDTEERD,
JEPRTE D —te . ZREACIIR IR M S, S AN AR
R &, AR 2 AN AR 7 BR R4S A N 5 Fh g ik
SERUR IR PR A T R SE S TR (AR
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Table 3 Results of 36 fatty acid standard curves

B o B ARAE W 2%, R &8 E /(ng/mL)
C4:0 =0.309 327x+0.015 815 0.9972 0.002~50
C6:0 1=0.833 712x+0.069 161 0.991 8 0.002~50
C8:0 y=2.275 884x+0.001 112 0.998 6 0.002~50
C10:0 y=3.151 829x+0.000 464 424 5 0.997 8 0.004~100
C11:0 y=3.132 747 x+0.000 131 184 6 0.997 3 0.002~50
C12:0 y=1.750 582x+0.062 575 0.996 4 0.004~100
C13:0 =2.207 527x+0.004 956 0.999 1 0.002~50
Cl14:0 y=1.295 390x+0.106 505 0.9919 0.002~50

Cl14:1N5 y=0.486 424x+0.028 105 0.999 5 0.002~50

C15:0 y=1.230 396x+0.315 81 0.994 1 0.002~50

C15:1N5 y=0.452 754x+0.032 966 0.993 7 0.002~50

C16:0 y=1.235 014x+0.187 335 0.994 8 0.004~100

C16:1N7 y=0.359 154x+0.024 491 0.994 7 0.002~50
C17:0 y=1.162 300x+0.215 399 0.990 6 0.004~100

C17:1N7 1=0.393275x+0.025903 0.994 6 0.002~50
C18:0 y=1.175 714x+0.206 426 0.991 4 0.004~100

CI8:1TN9 y=0.360 203x+0.021 194 0.9959 0.002~50

C18:1N9 y=0.326 611x+0.054 827 0.9919 0.004~100

CI18:2TTN6 y=0.545 035x+0.022 371 0.999 5 0.002~50

C18:2N6 1=0.483 454x+0.030 405 0.9952 0.002~50

C18:3N6 y=0.682 676x+0.011 141 0.999 5 0.004~100

C18:3N3 1=0.562 609x+0.105 021 0.99 6 0.002~50
C20:0 1y=1.298 100x+0.196 687 0.999 1 0.004~100

C20:1N9 y=0.367 845x+0.071 606 0.995 7 0.002~50

C20:2N6 y=0.526 100x+0.020 267 0.998 0.002~50
C21:0 y=1.956 563x+0.001 575 0.999 6 0.002~50

C20:3N6 y=0.585 057x+0.003 621 0.997 1 0.002~50

C20:4N6 1=0.562 013x+0.009 165 0.998 6 0.002~50

C20:3N3 »=0.964 808 x+0.000 489 512 9 0.999 8 0.002~50
C22:0 y=0.390 353 x+0.001 411 0.999 7 0.004~100

C20:5N3 ¥=3.330 010 x+0.009 494 0.996 3 0.002~50

C22:1N9 y=0.358 805x+0.095 178 0.995 8 0.002~50

C22:2N6 y=0.693 357 x+0.000 683 339 3 0.999 8 0.002~50
C23:0 y=1.796 265x+0.000 738 686 0.999 5 0.002~50

C22:4N6 y=0.670 674 x+0.000 865 510 4 0.999 5 0.002~50

C22:5N6 1=0.687 407 x+0.000 362 407 8 0.998 6 0.002~50
C24:0 y=1.743 893 x+0.001 079 0.9996 0.004~100

C22:5N3 y=0.767 336x+0.000 332 997 2 0.998 3 0.002~50

C24:1N9 y=0.032 089x+0.000 691 639 2 0.996 2 0.002~50

C22:6N3 1=0.463 097x+0.006 971 0.999 0.002~50
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Table 4 Effects of different extraction methods on the fatty acid composition of Tibetan sheep oil (ng/g)

R 4 SREMRENT AT F AR RE AT ER A R R #20E (no/g )

20 7|
A P-vaule
CS GF SS SF SM
C20:5N3 39.19°¢ 42.97° 23.92° 32.47° 46.33" <0.01
C22:5N3 9.97° 6.55° 9.88" 10.42° 12.36° <0.01
C22:1N9 1036.43° 1261.05° 856.75° 946.35° 1 405.43" <0.01
C21:0 16.69" 18.58" 11.79° 15.24° 18.79* <0.01
C24:0 11.81° 14.32° 8.47° 11.62° 13.74* <0.01
C17:1N7 1 893.99° 1456.51° 1523.02 2377.59° 1 608.54° <0.01
C23:0 11.29° 13.67* 8.32¢ 10.53° 13.07* <0.01
C22:4N6 23.24° 16.86" 23.02° 26.02° 20.90° <0.01
C20:0 769.22° 852.53" 618.00° 712.57° 887.79" <0.01
C16:1N7 5538.55" 4 657.80° 4233.52° 6270.53" 4559.34° <0.01
C15:0 1393.85° 1175.12° 1079.26° 1 628.99° 1051.25° <0.01
C22:0 31.53" 24.24° 28.70° 36.61° 34.64° <0.01
C22:2N6 6.97" 8.41° 7.07° 7.39° 10.33° <0.01
Cl14:1N5 477.31° 349.87° 264.86° 610.27° 295.40° <0.01
Cl15:1N5 ND ND ND ND ND
C18:3N3 753.11° 735.73" 627.41° 816.43° 690.60° <0.01
C18:2TTN6 433.46™ 456.16" 428.3™ 540.49° 415.5 <0.01
C18:2N6 4951.89° 448130 3 985.30° 5136.39"° 447947 <0.01
C17:0 3 525.20° 3243.95° 3 746.10° 4092.88" 3 346.55% <0.01
C20:3N6 44 80" 37.37° 38.20° 47.48" 38.33° <0.01
C22:6N3 77.67° 60.22° 97.00" 63.41° 96.69" <0.01
C18:3N6 39.47° 35.99° 36.75° 40.86" 34.74° <0.01
C20:2N6 163.84™ 141.96° 158.44° 173.79° 153.26" <0.01
C22:5N6 4.61° 2.92° 485" 4.81° 3.99° <0.01
C18:0 42 087.86° 46 782.03"  48270.63°  41961.88° 45013.23" <0.01
C24:1N9 106.53™ 82.82™ 116.63° 72.49¢ 121.27° <0.01
C20:4N6 108.79° 87.66" 119.54° 122.76° 104.10° <0.01
C13:0 22.37" 20.76" 14.07™ 26.71° 9.88° <0.01
C20:1N9 1 870.62° 1 867.52° 2139.18"°  1990.99" 2 233.06° <0.01
C16:0 43 147.87°  43227.85™  45110.80®  47504.17° 40 767.90° <0.01
C14:0 9194.13"  9443.20™  8051.05™ 9 989.42° 7 352.93° <0.01
C18:1N9 81 669.66°  77763.59"  81197.60°  90489.62"  81457.82° <0.01
C18:1TN9 ND ND ND ND ND
C4:0 ND ND ND ND ND
C6:0 ND ND ND ND ND
C8:0 0.904 9 0.7116 0.6753 0.5132 0.853 9 0.42
C10:0 11.885 9.136 6 0.866 9 3.906 8 0.270 2 0.17
C11:0 1.62° 1.43° 0.51° 1.46" 0.04" <0.05
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gk4
A A P-vaule
CS GF N SF SM
C12:0 318.12° 344,95 193.92° 320.37° 48.98° <0.05
C20:3N3 8.33% 7.95° 8.42% 9.32° 8.23% <0.05
Total SFA 100 544.36  105172.47 107 143.15  106316.80 98 559.91 0.07
Total MUFA  92593.10°  87439.15°  90331.56° 102 757.85" 91 680.86° <0.01
Total PUFA 6 665.37" 6122.06" 5569.17° 7032.04° 6114.91° <0.01
Total N3 888.29a" 853.43° 767.64° 932.05° 854.21° <0.01
Total N6 5777.09° 5268.63 4801.53° 6 099.99" 5260.70° <0.01
x5 BRAUBEESIREMKER
Table 5 Results of standard curve for fat soluble vitamins
RE b o A & AR W 2R, R 176 B /(ng/mL)
Vitamin K1 ¥=0.001 98x+0.002 33 0.999 87 0.5~2 500
Vitamin A y=0.001 22x+ —0.109 64 0.999 28 0.5~2 500
Vitamin E y=2.887 15e-5x+ —0.001 74 0.999 62 0.5~2 500
250HVD3 $=0.006 61x+—0.002 55 0.999 02 0.5~2 500
250HVD2 y=0.009 76x+-0.013 71 0.999 59 0.5~2 500

SFA
51%

SFA
49%
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& 6 AEEIGEMEFREESEEERSENFI (ng/g)

Table 6 Effects of different extraction methods on the content of fat soluble vitamins in Tibetan sheep oil (ng/g)

$%AXE Y& D2 gAEE A YA £ D3 $AEEK
CS  491125%189.11° 832%0.96° 179375.67 13 782.39" 28.4+2.81"  282.59 +3526
GF  5079.79+85.6"  6.24+0.34° 143 149.89 +34 626.92° 24.4+201°  253.03*19.96
SS  1606.03 +146.92° 14.85+1.95° 105389.38+12086.85° 32.32+0.59" 257.97+13.19
SF 252976 +27.07° 3.87%0.73° 109032.29+395557° 2544=4.03"  269.88 *0.89
SM 25147246779 727+0.92° 120 046.18 +25065.71" 29.09 +0.87"  297.91 + 11.49

N3

0.42%

N6
3%

PUFA
3%

FAl
3%

N6
3%

SFA
51%

N3
0.43%

N6
3%

2.4

T B BBy ik 2 S A R B 1 2 A R

N3
0.42%

N6
3%

N6
2%

B 4 AREEFEMAEPIEBAE
Fig.4 Fatty acid content in different Tibetan sheep oils
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ZiE (P<0.05), Hrp-F-ykakii| Ak 5 4 Bhik i
RITSECE R4 2 E SRR, NS 079 ng/g Ml
4911 ng/g, RIRMIEILFTMEMIEHLERE &
A, N 1606 ng/g. BPUANE LRI, JKEFE
SRR R 4R R B SR (24744 ng/g), K
RBEFNERZ, AIBERETHEERE NS ER
K, LEgREARMAMRZER, TSR, &
7K. 4R D Z—MIRE 44 R AR
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