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Optimization of Removal of Fishy Odor from Tibetan Sheep Liver Powder

Using Response Surface Methodology and Gas Chromatography-ion
Mobility Spectrometry

WU Yue, MA Na’na, HAN Lijuan’, SUN Shengnan, YUAN Zhenzhen, GUI Linsheng,
HOU Shengzhen, WANG Zhiyou, YANG Baochun
(College of Agriculture and Animal Husbandry, Qinghai University, Xining 810016, China )

Abstract: Sheep liver is a by-product of lamb or mutton production, which is rich in various nutrients and has high
research value. However, the fishy smell of sheep liver, which is difficult to remove, restricts its further processing and
utilization. To promote the development and utilization of this by-product, lamb liver was used as a raw material to produce
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lamb liver powder, which was characterized through sensory evaluation, as an indicator, and the removal of the fishy smell
of lamb liver powder was assessed. Six factors were evaluated using single-factor experiments: the rinsing frequency, rinsing
time, cooking time, concentration of additives, drying time, and drying temperature. Based on the single-factor experiment,
the Box Behnken response surface design method was used to optimize the process for removing the fishy smell from
sheep liver powder. Secondly, gas chromatography-ion mobility spectroscopy (GC-IMS) was used to analyze the optimal
deodorization process and the volatile substances in sheep liver that had not been deodorized, to determine the effectiveness
of the treatment process. The sensory score for removing the fishy smell from sheep liver powder was the highest when the
process was conducted by rinsing at 40 °C, rinsing 5 times, adding 4% (m/m) excipient, cooking for 50 min, and drying for
four hours at 65 ‘C. The GC-IMS results indicate that through the optimal deodorization process, various undesirable flavors
and a large number of volatile aroma compounds such as aldehydes, ketones, and alcohols can be removed. The deodorization
effect is significant, and the flavor improvement is good. The results provide a theoretical basis and reference parameters for
optimizing the deodorization of lamb and its by-products.
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Table 4 Experimental design and results for response

surface analysis
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B wilmin REAEc wih T BRI
1 0 1 1 81.00 £5.61
2 -1 1 0 77.60 £2.34
3 0 0 0 78.60 = 8.19
4 -1 -1 0 68.60 =3.02
5 1 0 1 74.00 £4.22
6 0 0 0 81.60 £3.56
7 -1 0 1 66.00 £7.35
8 1 -1 0 72.80 £3.28
9 0 0 0 82.60 £1.36
10 0 -1 1 69.00 £2.83
11 0 0 0 80.80 £4.57
12 0 -1 -1 74.40 £ 3.82
13 1 0 -1 62.00 £2.55
14 1 1 0 71.60 £6.37
15 -1 0 -1 76.20 £8.12
16 0 1 -1 71.60 £5.06
17 0 0 0 87.60 £3.24
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Table 5 Analysis of variance for the fitted quadratic

polynomial model
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B2 2781 1 2781 4.07 0.0835

C2 13536 1 13536 19.80 0.0030 **
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Table 6 Determination results of volatile compounds in different samples of sheep liver powder

o (FATEE/%)

i ;%%ngf;s L e o e Sokdbit

1 1022207 (E,E)-2,4-F—fil% (E,E)-2,4-nonadienal 0.15£0.01 0.16+0.08 . hYE. lRR. REE
2 50042  (E)-2-BMHERZRAK (E)-2-Heptenal dimer 1.34+0.04 0.89*0.45

3 499.95 (E)-2- & M B AR (E)-2-heptenal monomer ~ 1.01 £0.06 1.18 +0.60 . A=k

4 89598 (E)-2-F it (E)-2-Nonenal 033+0.01 0.42=021 HA. miEE
5 705.632 (E)-2-F B — R4k (E)-2-Octenal dimer 0.53+0.04 0.77£0.39

6 705.258 (E)-2-F My B AR (E)-2-Octenal monomer ~ 1.77 £0.05 1.88 +0.94 KErk. RAok
7 233014 (E)-2- RJEER —FAK (E)-2-pentenal dimer 2.93+0.15 3.12+1.56

8 231.921 (E)-2- R B 4k (E)-2-pentenal monomer ~ 1.73+0.05 1.15+0.58 HHE. Ak
9 620.952 (EE)24-%& It —F4K (E,E)-2,4-Heptadienal dimer 0.42 0.06 0.57 +0.29

10 620.952 (E,E)-2,4-& —}B-¥4K (EE)-2,4-Heptadienal monomer 1.88+0.10 1.83 £0.92 RE Fiek. 1EFvk
11 414.172 (E,E)-24-CHift %4k (E,E)-2,4-Hexadienal dimer 0.04 £0.01 0.05 +0.03

12 416.704 (E,E)-2,4- THBs¥4K  (E,E)-2,4-Hexadienal monomer 0.29 +0.03 0.35=0.18 Jig W

13 248.67 (Z)-2- /% -1-B% (Z)-2-Penten-1-ol 0.72+0.03 0.59 +0.29 HE. FE IR
14 395812 (2)-4- & (Z)-4-heptenal 0.98+0.01 0.75=0.38 I

15 272.52 1- B = JAK 1-hexanal dimer 12.65 +£0.23 12.09 £ 6.05

16 271.503 1- LB AR 1-hexanal monomer 523+0.15 4.45+2.23 FHHek

17 357.236 1- B2 —J8 IR 1-Hexanol dimer 0.25+0.01 0.48+0.24

18 356.735 1-TEE AR 1-Hexanol monomer 1.16 £0.01 1.22+0.61 F Rk

19 734.098 1-¥ 8% 1-Octanol 0.14 = 0.00 0.18 =0.09 ok

20 552.099  1-FH-3-Bf K 1-Octen-3-ol dimer 0.98+0.02 1.06 *0.53

21 551.327 -3 M -3-B5 4K 1-Octen-3-ol monomer ~ 3.74+0.13 3.02 * 1.51 Bk, HEA
22 545772  1-FH-3-BA—FAR 1-Octen-3-one dimer 0.48£0.03 0.52+0.27

23 545.772 -5 H -3- B 4K 1-Octen-3-one monomer  1.12£0.02 0.86 +0.43 JEEvR

24 241.68 1-/%B2 —FE IR 1-Pentanol dimer 1.44£0.09 1.95%0.98

25 242358 1- /R B5 AR 1-Pentanol monomer 2.04+0.03 1.56+0.78 FOME . BERek
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5 gfﬁf;;s Rt 3 2 s #}”;;C( il EY/C/) SokAbik

26 181.56 1- /KM -3-B% 1-Penten-3-ol 1.09£0.05 0.61+031 &, &. F&. &4k, 2:

27 182766  1-/&M-3-BR =4k 1-Penten-3-one dimer 297+0.1 248*125

28 181.674 1- R -3- R AR 1-Penten-3-one monomer  0.19 £0.03 0.09 + 0.04 &, FEHE. R IR

29 256.78 23-T =% 2,3-Butanediol 0.07+0.01 0.11+0.05 i flgek

30 765.553 2,3-3¢ T koA 2,3-diethylpyrazine 0.16£0.00 0.24+0.12 B4, BT ME. BR

31 430.632 2,6-3 § Aotk 2,6-dimethyl pyrazine ~ 0.08 £0.00 0.11+0.06 =T . vk, F&. B4R, HER

32 140.689 2-T B = Fe Ak 2-Butanone dimer 4.62+0.12 5.51+2.75

33 140.689 2-T BRI SAR 2-Butanone monomer 1.81£0.08 0.97+0.48 %, KR, BA

34 386.316 2-T Hrkwd 2-Butylfuran 0.24+0.01 0.32+0.16 BTES

35 338.202 2-wk vk B 2-Furanmethanol 0.12+0.00 0.04 +0.02 Bk

36 383.273 2- R B — R AR 2-Heptanone dimer 0.60£0.01 1.05+0.53

37 382.272 2- 3 BR 4K 2-Heptanone monomer 1.30+£0.03 1.21 £0.61 ) A

38 260.254 2- BRI —JRAK 2-Hexanone dimer 0.40+0.01 0.74+0.37

39 260.254 2- TR AK 2-Hexanone monomer 0.34+0.02 0.30£0.15 FF IR IR AR

40 332.07 2- T AR 2-Hexenal dimer 1.98£0.12 3.03+1.52

41 332.07 2- Tl B AR 2-Hexenal monomer 2.39+0.02 2.07+1.04 HEE, B A

42 172356  2-WATE =Rk 2-Methylbutanal dimer ~ 0.46 +0.04 1.29 +0.65

43 172.674 2-F A T B4R 2-Methylbutanal monomer  0.64 +0.01 0.55+0.28 &4=. . X&. %F. £

44 496.182 2- VA TR ABE 2-methylpropyl butanoate ~ 1.71 £0.11 1.43+0.72 RAE. #H

45 576.944 2- R K v 2-Pentyl furan 3.91+0.08 4.44+223 A KR HEibek

46 252.307 3- TR 3-Hexanone 0.15+0.01 0.12+0.06 EIEal S

47 166.619  3-FATE -RKA 3-methyl butanal dimer ~ 0.37 £0.02 1.14 +0.57

48 164.388 3-FATEBEAR 3-methyl butanal monomer  2.04 £0.08 2.17 +1.09 Bk, BRek. AEA

49 539.354 3- 9 A -2- 2R R B 3-Methyl-2-cyclopentenone  0.23 £0.01 0.22 £0.11

50 559.807 3-F 3-Octanone 1.03+0.03 1.22+0.61 k. £%

51 120.694 7 R Acetone 4.40+0.17 4.88+2.46 P

52 598.031 a-7KF W alpha-Phellandrene 1714003 1.46+0.73 AH4E. &t Har. AR, F4

53 509.098 KT B JRAR Benzaldehyde dimer 0.52£0.04 0.57+0.28

54 508.181 ERLS N Benzaldehyde monomer ~ 1.33 £0.01 1.09 +0.54 BAzvk. BAER

55 1007.97 S Decanal 0.15+0.00 0.15+0.08 Fo&. k. K. HiE. 4k

56 401.983 BBE ZJRAR Heptanal dimer 5.82+0.10 5.73+2.87

57 398.896 JRBR AR Heptanal monomer 2.78+0.07 2.00 £ 1.00 HAG. BB, HA. BR

58 535.817 BB Heptanol 0.20+0.01 0.28+0.14 BHEL

59 784.535 N-F8 = AR n-Nonanal dimer 0.87£0.00 1.42+0.71

60 783.402 N- L8 F 4k n-Nonanal monomer 2.67+0.03 2.83+1.41 ReWs. . HE. AR

61 189.975 A B n-pentanal 1.79+0.16 1.28+0.64 FA4=. &k, £F. b, Fik

62 605.222 FEE IR Octanal dimer 2.18+0.06 2.97 +1.48

63 604.58 FERAHEAR Octanal monomer 3.34£0.01 2.78+139  #AE. 8. H4&. b, Fik

E: BT GC-IMS #38 R A TR, T R sd; #xt4ekTH X+SD; #/f /5% Monomer. Dimer 2% % Bl —
NPT IR, B4R, Ak R R T GC-IMS 3035 B8 &
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Fig.11 Fingerprint of volatile components in Tibetan sheep liver
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