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Optimization of enzymatic extraction process for horse oil and
effect of refining on its quality
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Abstract; In order to improve the extraction rate and quality of horse oil, Xinjiang horse fat was used as
raw material to extract horse oil by enzymatic method. With the extraction rate of horse oil as the index,
on the basis of single factor experiments, the process conditions of enzymatic extraction for horse oil were
optimized by response surface methodology. The crude horse oil was refined by degumming,
deacidification and decolorization, and the changes of sensory quality, physicochemical indexes and fatty
acid composition of horse oil before and after refining were compared. The results showed that the optimal
extraction conditions of horse oil were obtained as follows: neutral protease dosage 2 000 U/g, solid —
liquid ratio 1:2, enzymatic hydrolysis temperature 45 °C, enzymatic hydrolysis time 2 h. Under these
conditions , the extraction rate of horse oil was as high as 81.69% . The sensory indexes such as color and

odor of horse oil were significantly improved after refining. The acid value decreased from 1. 13 mgKOH/¢

to 0. 92 mgKOH/g, the peroxide value decreased
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from 0. 75 mmol/kg to 0. 63 mmol/kg, and the
iodine value increased from 81. 14 g/100 g to
88.95 ¢/100 g, and the unsaturated fatty acid
content increased by 3.1%. In conclusion,

extraction of horse oil using neutral protease could

effectively improve the extraction rate of horse oil ,
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and the quality of horse oil is better after refining.

Key words: horse oil; enzymatic extraction; oil refining; quality
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Table 1 Sensor arrays and performance

descriptions of PEN3 electronic nose

&Ik R

wiC FEREY
W5S RALEY

W3C HE TFHEREY
W6S XA

W5C FEEEE FFRLA Y
W1S FER LAY
WI1W TeHlsRfb Y

w2S ENANTTE S (R
W2W FHERAEY B IAY

W3S KeE bk

1.2.5  HyhPRALFRArA e

FREIN S 2 I8 GB 5009. 229—2016 ¢ £ i & 4>
EIZARUE B TR ER A B ) v B TR 7R 7
B A ES ] GB 5009. 2272016 £ il % 42
I ZARUE B A S AR B I 52 ) Hh 0 3 a1 5 A
{HZ B GB/T 5532—2022 ( Zh A ¥ i g AHLAEL 1) 0
FE) 57Ky B R ) 1 E S IR GB 5009. 236—
20164 & i i A E ZAnE SIEPIMAR K o3 B A5 &)
A0 ) Tl AT R A S DU E 2 IR GB/T
12766—2008 it g J4 i I 22 ) ; AL (E I E 2
I8 GB/T 5534—2008 St 2 ALIEL I E )
1.2.6  Eyfifig i B 2H e il

HE R 4 8 7 2 B GB 5009. 168—2016 ( £
Al e AE AR E B R DT R I 2 ) L >R IR A8
Pk X Il T AT AL B, SR 5 FE M I E

SARETE SR BAE A5 (100 m x 250 pm x
0.2 pm) s Z AN A, W 1 mL/min g 4 45 1 B2
270 °C, K I % ¥ B2 280 °C; 2 ¥ T Iy ) 4k 1 J3E
100 °C , #54% 13 min, L4 10 °C/min FHEZE 120°C,
2% 6 min, P 1 °C/min FHE % 180 C , §4% 20 min, L)
4 °C /min FHE Z 220 °C , $#4Z 10 min,
1.2.7 FRgeit 5500

K H] Design — Expert 13 34152 1 1e 7 T 552 45 5
K Excel 4 47 8098 B AN 155 R ] SPSS
Statistics 25 HAF X BCHE AT B & Ve A (R &R
ANOVA ¥i%5) ,p <0.05 FR/R 25 5 W 3 5 R H Origin
Pro 2023b {418 . ARSI T 3 IRE &R S0,
SR LI IE  hnifE2E” FOR
2 EREHW
2.1 HGBEe it

[¢] 2 BN Bt 2 000 U/ g AN 1] 2 h CRH HE
1:2, 43 538 T vh PR 28 il B 1 il TR i
B 2 P il AN A B i PPk S e 2
o] 1: 1, PR (B N 1 h 5 AR 2R ) |
TEAS B ol pH RS T (L3R 2) 48 IS, %
SN [A)EE B TR IR 52, 45 R LA 1,

*2 AEEOBHRESEH

Table 2 Optimum conditions for different protease
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extraction rate of horse oil
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Table 3 Factor levels of response surface methodology

KV ARRRINE/(U/g)  BRRRLL  CEERRSE/h
-1 1 000 1:1 1.5
0 2 000 1:2 2.0
1 3 000 1:3 2.5
x4 MEEREEITEER
Table 4 Design and results of response surface methodology
e s 4 B C UEECE %
1 -1 -1 0 71.35
2 1 -1 0 75.21
3 -1 1 0 68.39
4 1 1 0 77.33
5 -1 0 -1 67.35
6 1 0 -1 73.14
7 -1 0 1 69.32
8 1 0 1 75.43
9 0 -1 -1 71.37
10 0 1 -1 73.67
11 0 -1 1 75.45
12 0 1 1 72.18
13 0 0 0 82.13
14 0 0 0 79.43
15 0 0 0 80.42
16 0 0 0 79.37
17 0 0 0 81.59
x5 EEERBEFTESW
Table 5 Analysis of variance of regression model
KRB PHE RME BE F p Wkt
A 335,53 9 37.28  39.18 <0.000 1 %
A 76.26 1 76.26 80.15 <0.0001 s
0.41 1 0.41 0.44 0.530 6
C 5.87 1 5.87  6.17 0.042 0 *
AB 6.43 1 6.43  6.76 0.035 4 *
AC 0.03 1 0.03  0.03 0.874 3
BC 7.77 1 7.77 8.16 0.024 4 *
A? 92.56 1 92.56 97.28 <0.0001 ==
B 33.73 1 33.73  35.45 0.000 6 =
c 88.72 1  88.72 93.24 <0.0001 ==
k%= 6.66 7 0.95
KW 0.45 3 0.15 0.10 0.9578 A=
a2z 6.21 4 1.55
BT 342,19 16

T s FORRRM I ,p <0.01; = IR EH,p <

0.05

Note: % p <0.01; *p <0.05
X 4 WBEEIEAT BUEPIE 00T, #Er —IRZ%
WA FE. Y =80.59 +3.094 —0.23B +0. 86C +
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Table 6 Comparison of sensory index of crude

horse oil and refined horse oil
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Fig.6 Electronic nose radar images (a) and PCA (b) of crude horse oil and refined horse oil
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HH e 7 R KL ARG R D I Y e A R A
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PRI GB 10146—2015 (£ dh 2 2 [E ZE bR ifE &
FIshPrimig) SR, 2 WIRG HR RE 96 A7 SR T R /Y
B, 50 R 22 T B A R B
®7 HDWMINEGEDRELIERX L
Table 7 Comparison of physicochemical properties of

crude horse oil and refined horse oil

i H HH T 7 K 5 i

FR{H (KOH)/ (mg/g) 1.13£0.01°  0.92£0.03"
i A ARAE/ (mmol/kg) 0.75+0.01°  0.63+0.01"
if/ (g/100 g) 81.14 +0.44"  88.95 +2.04"
KRGy BAR K E s P 0.65+0.02"  0.09+0.01"
W& H/C 35.76 £0.30°  35.53 £0.25"
AL (KOH) /(mg/g) 193.32 +5.83* 192.51 +£3.37°

2.4.3  JRMiRRLLK
FEL L 30 FORS B 5 3 i 7 R A AR K a3k 8
7R
*8 MDmIEEDHETRARESE

Table 8 Fatty acid composition and content of crude

horse oil and refined horse oil )
il HH by KR Eiih
2414 (C10:0) 0.07 £0.00*  0.06 =0.01"
A RERR (C12:0) 0.16 £0.01*  0.17 =0.01*
N E R (C14:0) 3.10+£0.10*  2.78 =0.01"
T IkERz (C15:0) 0.24 £0.00*  0.23 +0.00"
FERER (C16:0) 24.79 £0.52° 23.63 +0.03"
Lkl (C17:0) 0.48 +0.01*  0.47 =0.00"
i 5 R (C18:0) 6.84 £0.22"  6.59 £0.03"
AR (€20:0) 0.11 £0.00 -
A S R (C14:1n5) 0.10£0.01*  0.12 £0.00°
FERE R (C16:1n7) 2.98 +0.13"  3.15x0.42°
Lk —ER (C17:1n7) - 0.39 +0.06
Jl2 (C18:1n9¢) 29.55 £0.70" 31.93 +0. 16"
1o — R (C20:1) 0.30+0.01"  1.51 £0.09°
3R ( C18:2n6¢) 28.46 £0.67* 28.10+0.14"

y - kL (C18:3n6) 0.08 +0.00 -
o — EJFRAER (C18:3n3) 1.93+£0.09* 0.83 +0.03"
— R TSER(C20:2n6)  0.65 £0.02 -
S iR (C18:1n9¢) 0.16 +0.01 -
R ( C18:2n6t) - 0.04 +0.00
HuFAEITTER (SFA) 35.78 £0.87" 33.93 +0.10"
HRIEAPENTER (MUFA) 32,93 £0.84" 37.10 +0.73"
ZAMFIEINBR (PUFA)  31.13 £0.79* 28.93 +0.17"

A A G TR (UFA) 64.06 +1.62" 66.03 +0.89°
KNSR (TFA) 0.16 +0.01*  0.04 =0.00"

T - Fon ARk

Note: —. Not detected

Hi e 8 FIAL, ML Sl b 2L 4Gty 17 R iR D52 , A
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W2 KEHRIG il AR D7 R & &k 35. 78 % fE =
33.93% , FAAN AR FI NG W5 R &% i Hy 32. 93% 1§ fin &=
37.10% , Z A 10 ARG U7 IR & & ) g BT K, i
31.13% W %5 28. 93% o & Mk h il AN VR R 107 R 75
AT ST 3. 1%

S & it IR TR , A HR IS i
XNEWIR & 5 0. 16% [ % 0. 04% , 3% 5 H s ik
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3 & i
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i Shyh A R I T 2 AT AR, B8 T B AR
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