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2. Collector
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13. Animal oil tank
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4. Gas flow meter
8. Water outlet duct
12. Animal oil
16. One-way valve

19. Heater

Fig 1 A schematic of the deodorization system

“’<'i _)\ salaul b \_) QY)M L&uli_)_)\ _)\ ggijh tu,i'}_)
;5““};5"[’“-)-)\}“9[} J:Js}}.i): JWSUA ;A:J}J “Lu;“‘ﬁ
uli_)_)\ 36 .la.w}: L;\‘da.;u 9 g,<.:;}J.A S _)‘ oslaiul L

R rl’u\ JL 45 ¢ 18 - 0> gd>we > o> U’:’)J“T

15

» SIS (5}.’5‘5‘4';‘ -2-2

2l ey e S (S el ol e s )

U'i\ B Mtd‘&‘“}dli-)-)‘ sslasal PRy U’;}) uijjv“i"‘-;



bl 5 el B el b e S 4 )

Oan 5 g acl

Slr 638 S ol ilmeslel gt 4 S ol Ss
AUl sy S s bl oS 5w
b ol S jass iy s She o o3k
Sty ol oo [UT] spae plnl sline glats,
S gbesls 25l e s ssledles gl 1 e

J18] s eslinal g38

(1) &

w0315 Winax ol (g3ledbe 5031y 1O 5 b alaly 55 oS
e @nS 0313 'V i

o9 @ $dewl by s -3-2
58 IS pley S L i

S el GBS 5l S Glais ) S 68 B8 sl S
O 4 Lol 4 O 1 slse silaltr 5 s Sl
Skl b Gillas ads 85, o Sladenl S50
s &5 esliad L4091 olei 4 Ol e
s [19] s Seslul 8 SISk S
(GC-FID 6890, Agilent, USA) ;8 5l 3 5les s
(CP-) e s 5 FID 5L Sl 4 gms oslizad 5 )50
daise lu, ST sles .55 Sill 88, Agilent, USA
58 51,55 180°C 5260 280 s 5 4 051 5 €ged Gy
Jol S8 Ol g aids x m ke O s b 035

LS eslaul

& e J.:l:é' ERS ] -4-2
3 gl o b 3l aeg Jl s e 5 bl BIUT
ST 25 sla S 1y S eslin F58 0 S e St
03 el o S (1 i) Lop solp Ol 5 Ol e
G5S o dhis 53 SIS 5B S S s sse e
G SRS amlbee 5 bl glat s sl
5 OdE Ol e s kel Ces 4 el s eslizad
Al s 5 esliad b sl s 4y lassls .3 (OD)
Ad a5 balsses 5 LT Design Expert 7.0.0
D53 st 2on RE Srmn 8 L Je 03
on Fosesl s 5 a0 b ol bl cpmal 503 8

LA

2. Central Composite Design

16

Ao 2l s dpame 5o bl s s p L L
35 b 5 s Tl Olye 4) Wsls el SO 4pes

2] (cslas 5 Cims Sl 5 @ =96 gl
S S e S el s L) sl s By S
maes 5 el gl ol p olS 5l SO e
Shuakl sl Gass ol oo LS e el badd sl gy
Ao wlole Sl g e Gladdl s 4y ) G
LSt ols wad o S 0l ol il o S
5 wrr alS by alble ol s esliad gl
JB 5 ol e B Bl sk 4 (2019) 01Ss
OSar 5 ol S o asle 5 slb Ol
Gle b cilse Kas cla Sk Jiagy e (2019)
e ksl ik R e plbs
Olse 4 TGS 822 S culg 53 & dinged gz
LS B s bises g b3 0 S on s s
s e OLE 1y sy se oL opile dlele 2 S5 [16]

Activated carbon filter

Electronic Nose

Sample compartment

Fig 2 Electronic nose system [16]
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Table 1 Coded and actual values of independent variables used for central composite design in the
deodorization of sheep tail fat

Symbol Variables Levels
-1.68 -1 0 +1 +1.68
X1 Temperature (°C) 119.55 140 170 200 220.45
X, Time (min) 9.55 30 60 90 110.45
X3 Ultrasonic power (W) 22.05 80 165 250 307.95
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Table 2 The results of ANOVA analysis of response surface model for odor intensity estimated by
sensorial evaluation in deodorization of sheep tail fat

Source Sum of Degree of F-value p-value
squares freedom
Odor (R*= 0.9770)
Model 38.41 7 72.69 < 0.0001
X3 32.14 1 425.79 < 0.0001
X, 1.18 1 15.67 0.0019
Xs 0.51 1 6.71 0.0236
X1 Xo 0.48 1 6.36 0.0268
X2 3.60 1 47.74 <0.0001
X2 0.44 1 5.83 0.0326
Xs? 0.55 1 7.33 0.0190
Residual 0.91 12
Lack of Fit 0.79 7 4.82 0.0511"™
Pure Error 0.12 5
Correction total 39.31 19

P < 0.05 indicates statistical significance. X;: Temperature, X,: Time, Xs: Ultrasonic power, and ns: not
significant.
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Fig 3 The effects of different parameters on sensorial evaluation scores of sheep tail fat after deodorization (A:
Temperature, B: Time, and C: Ultrasonic power)
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Table 3 The results of ANOVA analysis of response surface model for odor intensity estimated by
electronic nose in deodorization of sheep tail fat

Sum of Degree of
Source F-value p-value
squares freedom
Odor (R°=0.9372)
Model 0.13 4 55.97 <0.0001
X1 0.12 1 197.91 <0.0001
X, 8.65x10° 1 14.68 0.0016
X3 3.57x10° 1 6.05 0.0266
X1 X, 3.08x10° 1 5.22 0.0372
Residual 8.84x10° 15
Lack of Fit 7.77x10° 10 3.63 0.0837
Pure Error 1.07x1073 5
Correction total 0.14 19
P < 0.05 indicates statistical significance. X;: Temperature, X,: Time, Xs: Ultrasonic power and ns: not
significant.
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Fig 4 The effects of different parameters on sheep tail fat odor intensity estimated by electronic nose after
deodorization (A: Temperature, B: Time, and C: Ultrasonic power)
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Table 4 Odor intensity of crude oil and experimental and predicted values of the responses in sheep
tail fat after deodorization under optimized conditions
deodorized under optimized

Responses Crude ail conditions RMSE R?
Experimental Predicted
OD1 3.80 6.92+0.35 6.59 0.0649 0.9770
OD2 0.584 0.312+0.016 0.326 0.0146 0.9372

OD1: Score of odor estimated by sensorial evaluation, OD2: Odor intensity estimated by electronic nose.
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Table 5 Fatty acid composition of sheep tail fat before and after deodorization in optimal condition

Fatty acids (%)
e) 0 Q O
o 2 g2 g2 2 2 g 8 & 8 2 2
N N » » ~! ~ © = S = 5 1) ©
o - o [ o - o 4 a:o E 4 N w
Before a a . N
deodorization 523 1744 %8¢ 33 2% 178 130 148 pe6rr 043 03° 331* 1uF
Optimal condition 526 18" 2636° 329% 271* 17 136 188¢ BA 03 03 358 071

Values in the same column followed by the same letters are not significantly different (P<0.05).
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Sheep tail fat is a suitable frying oil due to its good flavor and oxidation stability. This oil with its
useful fatty acids can to play beneficial effect on consumer health. The refining processes of sheep tail
oil, including its deodorization have high importance in the enhancement of the oil quality.
Deodorization is a separation process in which a certain amount of the volatile compounds separator
gas passes through the hot oil under vacuum condition and removes the volatile and odorous
compounds from the oil. In this study, the ultrasound-assisted deodorization of sheep tail fat was
carried out and the effects of temperature, time, and ultrasonic power on odor intensity during the
deodorization process were investigated using the response surface methodology. The intensity of the
odor was assessed by electronic nose and sensorial evaluation. Also, the fatty acid composition was
compared before and after the deodorization process. The results of fatty acids profile showed that
about 46.72% of sheep tail oil fatty acids were saturated fatty acids (palmitic, stearic, margaric, and
myristic) and the rest (53.28%) was unsaturated fatty acids, which the majority of them was oleic acid
(39.67%). According to the results of analysis of variance, the composition and kind of the fatty acids
before and after the deodorization were close together and the amount of fatty acids changed slightly
during the deodorization. Finally, the optimized conditions at the temperature of 162 °C, the time of
110 min and the ultrasonic power of 165 W were determined using electronic nose and sensory
evaluation for ultrasound-assisted deodorization of sheep tail oil.

Keywords: Ultrasound, Fatty acids, Deodorization, Volatile compounds, Response surface
methodology.
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