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A Comparative Analysis of Flavor Mechanism between Sheep Milk Fat Cheese Sauce and
Cow Milk Fat Cheese Sauce
GAO Hongwu', WU Pengyu', GAO Jiajia', MA Xiaoming?, LIU Zihui?>, WANG Jianming'*, YANG Chen'"
(1. College of Food Science and Engineering, Tianjin University of Science & Technology, Tianjin 300457,
China; 2. Yipin Dairy (Qingdao) Group Co., Ltd., Qingdao 266600, Shandong, China)

Abstract: Sheep milk fat is rich in short- and medium-chain fatty acids, which can provide a distinctive flavor
to cheese, but there is a limited application of sheep milk fat in food cheese processing. In this study, sheep
milk fat cheese sauce (SMFCS) and cow milk fat cheese sauce (CMFCS) were prepared by a two-step method
to assess the feasibility of sheep milk fat as a substitute for cow milk fat in cheese preparation. The results
showed that the content of medium- and short-chain fatty acids in sheep milk fat was higher than that in cow
milk fat. Notably, the branched-chain fatty acids, which exert a greater impact on sheep’s nastiness, were not
detected in sheep milk fat, resulting in a milder taste. The dynamic changes of volatile compounds during the
preparation of CMFCS and SMFCS were identified by gas chromatography - mass spectrometry. The results
showed that a total of 53 volatile compounds were detected in CMFCS and 42 volatile compounds were detected
in SMFCS, with fewer aldehyde and alcohol compounds in SMFCS during preparation. The results of electronic
nose indicated that SMFCS had higher content of benzene, inorganic sulfide and long-chain alkane aromatic
components as compared with CMFCS and commercially available enzyme-modified cheese. The above results
provide a reference for the application of sheep milk fat as a substitute for cow milk fat in cheese.
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it oA P 27 s ( enzyme modified cheese, EMC ) —Fp
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FH BT 4 in T i o i % i XUBR) . EMC 8
Tit K i R 7 AR 1 B 7 A, RN ] P AT LR AR AR
WIS XK . EMC 9 2 11 5T 0 4 1 /K i oy B8 22
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chromatography mass spectrometry , GC-MS){¥ | Hi,F £ 5§
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1.3 Kk
13.1 InTTZ
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PRGREFRAA M 7 h, SR JG 7E 80 “CIH IR /K W b 2K B
30 min, REVEE T . Fa , 4 EE G 5¢ 1Y 15 %
T 1.5% g i 6 (I8 B CAPALASE C 5 Jig i i
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BV, BT 60 “CHlB A P Ve TR ¥ 15 min J5 K



2024 4E3 A
EASEESH

RattaSHR

EHRtHR

— 24

o FE 1S min, AN 2 mL 1F C R N A BGRH A BUIR
J R F R , 56 b DY ES JEPRE 30 s J5HRE 10 min, 2025
W 1 mL F IS TEA 0.5 g ToKBRRRAN I B 045
RHELAIAT,4 000 t/min B0 2 min, B ISR 2 A HLIE
11 9E(0.45 wm) J5 A 3% - a5 A 1T o
1.3.4 3R KR Y o

Z: [ Kendirci S 77 00 2 44 4 M XU I,
BHFREL 5 g B T 20 mL AURESI P, T (60+0.5) “CIK
R 15 min, K = AHEE Bk 3 ARE SO T2
ZEW 40 min J5 , B FERCK , FRH A GC-MS HEAE 1 7
W% 15 min, K60 L% K 4147 .
1.3.5 HFEE

HLF 5 10 S48 S 2 SR G AR AR
0 2% 1 2 HE MR 29 i T RS VR Rl 3 B S o A
A A TR R P ARE I, 5 2 F - S A 2% 2 < PN 3
400 mL/min, #EFEVE B 2 mL/min, K FE] 150 s, -4
LA A5
1.4 Seitoadr

FiAT e Yok 3 A AT, O 22 AT R
Kz 56 {5 1 SPSS Gt 4 A4 7 247 U4 40 BT, P<0.05 3%
NEAGI AR X HH Origin 2021 FEAT1E R 0 #r .

2 BR5HW
2.1 435 EFLAEARITR 4 B
R e AR 2R 5 2E LR B U R 4 R % B i 2%
S XA FLIR RN EFLIR HEA TR A 4 b B, JF X b 35 1Y
£ BRI T AR TR T i A B, A SR R 1 R .

®1 HF3IESFIUERMBRARM ST

Table 1 Analysis of fatty acid composition of cow fat and

sheep fat
W T /%
&Y 2P g
430 F3UI5
TR s 1R
CiR C,H,,0, 0.60+0.05"  0.78+0.03
¥ CoHi0,  0.52+0.04"  1.23+0.06°
PR C;H»0, 1.97+0.08"  5.72+0.23¢
FkEmR C;Hy0, 3.1320.16"  4.90+0.28°
+ =% Ci,Hy0,  0.10+0.01
1 DUz CsHy0, 11.1120.36*  11.84+0.49¢
12- M- = iR C5H3,0, 0.07+0.01
12-H R P e e CigH30,  0.49+0.03*  0.35+0.02"
+Hg CioH30,  1.42+0.10°  1.04+0.09"
FER R C,;H;,0, 35.40+1.05° 31.52+0.71"
RiRivd CisHy0,  1.08+0.06*  1.08+0.07
14-HUEEA- 7S e IR CisHy0,  0.56+0.04

R 3RS FIERMBARM S 2T

Continue table 1 Analysis of fatty acid composition of cow fat and

sheep fat
N TR/ %
&2 ik ey ey
T FAg R
T fi i CioHss0, 13.18+0.23*  12.87+0.39°
18-F 3 JUbe iz CaH400, 0.35+0.06
B 74 CyuHp0,  0.17+0.02
Z g CysHs00,  0.36+0.04
osan 70.09+2.27*  71.75+2.44*
ANUFIRR T2
BRI (5-9) C-H30,  1.62+0.05*  0.74+0.03*
G- 10-# M iR C;Hy,0,  0.23+0.02"  0.27+0.01*
AT CioH3,0,  2.84+0.12*  4.93+0.36*
SR CioH30, 24.12+0.89¢  19.19+0.76
-1 1=+ /s R CoH340, 2.67+0.14
SR CoH3,0,  0.54+0.06
Ji-5,8,1 1%1%:+M CoHu0,  0.19£0.03
ME-11-— - Hs w2 Gy Hy0,  0.22+0.04
*+*ﬁ%;;iﬂfi(J -13, CyHi0y  0.12+0.02
Mt 29.88+1.23*  27.80+1.30

TE AT AR ING FRERIR 28 5 035 (P<0.05) s -Fm AR K

I U P9 Ot I T 20 ok %o XU A B B2 5 i), S ) g
i 11 8 AL RO ], SRR 2R i 5 R XUBR AL A
AR, 3 1 alE 22U T A I ) 22 ik
%, 2EFUNE A IS 17 bR AR 5 2F FLIE i Al
TR 2 & 70.09% , AR IR & o0 29.88%, F
FLIE FP AR AR MR & i 71.75% , ARG IR & &
1 27.80%. FFLIRFIEZLIE A RENR TR , M
IR 6.22% . 12.63% , F-FLA5 0 vh k5 g e & 1k
AR 2 52 . MW —rhJEsER iR A  EFLIR b
MO IR FIR SRR A RERR & 5 N 0.78% .1.23% .
5.72% .4.90% , i 4 ZLIE TP I O R F TR V28R H RETR
RN 0.60% ,0.52% . 1.97% .3.13%. Liu ZE261A
R H R A T S BE R TR X AR LA W2 2540 B
PRI BB S ) A A R B e . R R SR FLRR
FH 1y i 1 A 7= n TR R R AR . e Ah,
LIS IE E A K DURR SRR A e R AN i 2C
%, EATAT LLE ™ A T IR IR . 3X 5 Ahmad
Rl DI RETE S 3 (8

BEAE Xk 2L MG R 5% ) b 458 K B 9 1 SR
TR , AN 4-F LR 4- 2 TR fE 2L 7R h RS
ME, 2EFLAG 2 7= A AN B RO %) o S % A 17 18 AN
S4B ZMARBR,EABR P ST EN
25.5%, 4 FLIE T &R 19.4%, A BIF 5T I 2E- 5,
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2.2 CMFCS 5 SMFCS B4k 843 #r
5 THFSE CMFCS .SMFCS 5 EMC FRAE 45 X 51,

ST, N 75.66%~77.20%: J5HT &K, 4 10.88%~
11.88% ,3X 1] fiE-55 i Ay 16 ) I IS 40 23 DT AE G
2.3 CMFCS 5 SMFCS fgf#id f2 % ik & 7z 4k

2.3.1 REEYAEL
G 15 i /K A i 7 2 FA TRt I S 2 3 RN LR A
WL H R I e R IR IR R o B R g

Xt = B B G R T 00T, AR AR 2 R

*£ 2 CMFCS.SMFCS 5 EMC 24L& 4> 247

Table 2 Physicochemical analysis of CMFCS, SMFCS and EMC
FAE R A, HGH 75 1 XU BT ik 48 K127, CMFCS
pegy R RURDG KRR 129TCA- BB 5 SMFCS BRI R IR R AL S AL LI 1 A 3.
THI% TEI% w=% " SN/%  (mg/g)
CMFCS  7.53+ 2431+ 51.66+ 530+ 4539+ 19.69+ 100 -
0220 234 109 0.5 157 123 %%&S i
= ab
SMFCS  7.22+ 2251+ 5244+ 536x 4615+ 19.19: 5 80 ¢ 1 be b
T
045" 268 087"  0.12* 1.30° 1.46° ao E T
' 60F
EMC 893+ 22.12+ 5535+ 5.13+  46.69+ 20.60+ =
0.100 255  0.94*  0.05° 1120 0.94 3‘? o
} B N = d
T A /NG TR 22 57 i35 (P<0.05) § ol ¢
i 2 A%, SMFCS 5 CMFCS fEHMIE A& & ML

B KA R SR FUE 0 5 10
CMFCS LA FI AR 2 & 553 0R 7.53% .51.66% , TiT M} 6]/
B EMC AYHLEE FRIK 2335 5200 8.93% .55.35%, RIFVING -8 3675 2% 5 53 (P<0.05)
T EMC (R FURIK 35 5w, 1T g2 3P B 1 CMFCS 5 SMFCS SR igmmE L amiax 8 BTy
H Jﬁ*‘fl*ﬂﬁi?ﬁ [ ENEE ﬁ%éﬁ%lﬁ Kendirci /%Fwﬁﬂ: 5 Fig.1 Changes in the relative amount of acid compounds during
) il A 1A 3 T A T A [ LT o 88 1 Tl 12 4% s 7K 3 the lipolysis of CMFCS and SMFCS

%3 CMFCS 5 SMFCS [Ef@d B BEN S MMEREENEE
Table 3 The types and relative contents of acid compounds in the lipolysis of CMFCS and SMFCS

%
CMFCS SMFCS
AR RN
Oh 5h 10h Oh 5h 10h
7.1 10.51+0.18" 3.95+1.05¢ 2.79+0.25¢ 21.64+2.07° 4.78+0.31° 2.12+0.35¢
TR 3.39+0.44¢ 10.38+0.43¢ 12.93+0.69 1.1320.26° 10.94+1.03¢ 14.13+0.60
N iR 0.22+0.01* 0.13+0.02" - -
3-HE-1- TR 0.12+0.02 - - - - -
SR 0.14+0.01¢ 0.16+0.02" 0.20+0.03¢
i 0.48+0.02" 1.11+0.07#
LR 0.82+0.10¢ 24.35+1.49° 28.54+0.79" 29.19+1.02" 34.48+1.22
FIR 0.55+0.02" 14.88+1.07 15.42+0.87 15.23+1.10 17.47+1.42
T 0.34+0.01* 0.3320.17 0.28+0.04" 0.28+0.02"
P37 0.26+0.01¢ 10.33+0.78" 9.16+0.13" 12.15+1.04 9.21+0.08"
3-H L2 R 0.18+0.02 -
3 H H R 0.13+0.02 -
+ =k 0.12+0.02¢ 1.00=0.03¢ 0.7320.06" 0.80+0.04 0.44+0.04
+=m 0.15+0.05 - - - -
+ 1R 0.10+0.02 -
RG] 0.55+0.06° 0.30+0.04" 0.10+0.00" 0.6120.03 0.26+0.05" 0.08+0.00"

T AT AR R NE TR F0R 22 57 B35 (P<0.05) 5 -FR R

HIE 1 ] LA ZERR AT CMFCS 5 SMFCS H S, i HA R 2 0] H 9 BiE A B HE7 al 52 oK g 80,
PIEARKRENRIBAEY , X e e ARE ARS FEARM AR 1 7 PR 5 % e BR IS AR X B 2 S B
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M2 3 Al AL FER i fE v, SMFCS IR ZE ML &
IR A T CMFCS. T O R B IR %
i TR E B RAT— R , B A Sk 3l o s A = A 1
g f# = CMFCS F1 SMFCS AUB () 55 22K 5, X 5 Miri
NI ST 45 R — 2 IRk, 3-F R SS R A 3-FF 31 -
TERBE A Ry 2 R AR T 20 W A ™ A 1 S R A
FRU, ME R A4 il B A, $5 A PR R 7 R & = 9 3
FEIE T MR (W R ) | O R (WK TR ) L =F TR (W31
BRI BR) (R IR R RR) SR, 5
CMFCS #H Lt , SMFCS A H A7 B8 WAl (1) W5 i B R, PRy
HEBAEESEWNTERMAE . Noronha 55735 H T
PR 1) 3 S X 47 s g AU AT e A o FE SMIFCS i i
PR A e P ) R ARG T 0] X 2 BT I 52 i L K ) S
NEWITR 4-H HEE TR 4- 3R
232 EZEAA YA

i 2 1k & W 2 0% T o v B A R PR R

JEM, CMFCS Y SMFCS g o #2 h i 25 1k & W 28 4k
LR 2 Rk 4,

801
a ] CMFCS
& + [ SMFCS
] 60 b
4o T
= T
£ w0}
R
QH C
% B S
=20} +
= I d
0
0 5 10
s [E)/h

ARVNG FHEFR IR 25 573 .35 (P<0.05) o
2 CMFCS 5 SMFCS JEfg it 2 pEREML SHHEMNSETN

Fig.2 Changes in the relative amount of ketones during the li-
polysis of CMFCS and SMFCS

&4 CMFCS 5 SMFCS e d 2 hMRMELEYMHEREENEE
Table 4 The types and relative contents of ketones in the lipolysis of CMFCS and SMFCS

%

CMFCS SMFCS
&2
0Oh 5h 10h 0Oh 5h 10h
2,3-T i 8.85+0.24" 2.93+0.344 2.19£0.23¢ 20.63+1.80 5.63%1.17° 2.43£0.55¢
2-JI 1.12+0.09° 0.37+0.05" 0.45+0.07" 1.42+0.04 0.28+0.04" 0.39+0.03"
332 T 7.50+0.11* 5.38+0.38" 5.26+0.51" 18.40+0.22 7.62+0.91" 4.97+1.21
2-EL il 0.27+0.03
2- B il 24.09+0.95 5.64+0.88° 5.12+0.38° 8.73+1.18" 1.29+0.09° 2.7440.18¢
23 0.67+0.09
2- T 16.44+2.29° 6.94+0.89" 5.13+0.22¢ 0.90+0.05¢ 0.81+0.03¢ 0.90+0.29¢
2-Z4 ] 0.15+0.03
2- il 3.13+0.20¢ 2.60+0.28° 2.30+0.07 0.18+0.02 0.33+0.08" 0.24+0.03
2- = 0.73+0.23¢ 0.87+0.07* 0.78+0.04*
2- HE 0.12+0.02¢ 0.15+0.01°
2~ JLBER 0.14+0.02

T [FATAN NG TR 225 1135 (P<0.05) 5 -Rm AR

P 2 AT B2 A A P FERR iR i o 2t
Wit 45 i i HoF 0] %) S K, TR 2 A5 P AFDGT 5 B 20 47 T
FENRRTT S h W R R . &R IR R A 1 Ji
X5 2.3.1 FREAE DRSS R —E

% 4 a0, FE N o AR v, 2- BRI (K SR ) |
2,3- T R (R A M LA R ) AN 358382 T I (04
M) FE CMFCS 5 SMFCS H & i 7 b i K. 2-BEi 4%
AR R 115 IR RS IR AR R i v i) Ji 22 KUK AL
Pyesi, {0 SMFCS 1 2,3-T i f1 3-F23-2- T il & &=
T, R SMFCS A7 B8 e B 1) e T i 07 I A 405
B s CMFCS FRK SR A R BV, & A MR I B R AR

TERR RS AT, CMFCS Hifk & A 3 2 1Y 2- Tl (R IH
R ) AN 2-—F—R il g R G 28R ) , & & 3 20k
5.13% F1 2.30% , 3 A RE 22X} CMFCS (115 1% KUK 72 A=
U SR, T AE SMECS Hf 2T £ 2- — R & 5 AY
9 0.90% 1 0.24% . VLA, B 24 5 5 AT A2 B A
SIS R, Bl Ry 2 05 I R AE AU fr) 22 ik 27
233 EREAYAL

AR ) 0 Ak 2 B N SR T 2 W I 1 R R
CMFCS 5 SMFCS Jig 1 #2 b e 281k & A8 b WL 3
MR 5,

WK 3 Jw , 260G 0 06 AR 45 SR B SMFCS
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EHtigr R
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a I CMFCS
< b3 [ SMFCS
= |
>=
oo
Z c
] T T
<z d B
;&
0
0 5 10
HF Al /h

ANEING FREFOR 22 5 .35 (P<0.05) o

3 CMFCS 5 SMFCS fEfgid BB R S A S BTN
Fig.3 Changes in the relative amount of esters during the lipoly-
sis of CMFCS and SMFCS

) TR 28 1 50 A X B e T CMFCS. Ik 5 i,
CMFCS 5 SMFCS 7 JIg fiff 2 75 v g 25 4 i i 2 2 80
T ICHLIN AR Ak 7RG g 45 SR, CMFCS H ORI 3 2
iR T 9-t /NI R FH S | 4- 2 3625 H R BRI, HL o5
S R e A ) 5 EE B4 /) s SMIFCS ARG 1) 4- 2, 3
25 R BRI (AR R TR TR 14 3 ke R
FFgE 9-+ /AR S . SMFCS HEEZEALA 4 i i Fil
R CMFCS 22, 3 SEFR S I 7E (IR VR B IR
0% i 3 A XU 19 S A, W LA 3 4% T AR AT 1Y) SR RIS
XLEZE L5 Bas SEPIFT Kendirei S84 58 45 2 A T A
6], HAE NG o i Je  AERE S 2 e R R R L B £
BURSER TR 9- BT OHE T R TR T VIR LT
+oNR ZBEAE . B4, Salum ZFEOWFSE K EMC g 3
BB GV IEC IR AR T IR LR AI=F R LR
T RE-5 BT G R 2R R

%5 CMFCS 5 SMFCS IEf@ S B EER N G MRMEREANEE
Table 5 The types and relative contents of esters in the lipolysis of CMFCS and SMFCS

%

- CMFCS SMFCS
0h 5h 10h 0h 5h 10h
4-CHEIR R IR T R 6.54+0.95" 3.95+0.30¢ 3.30+0.29¢ 9.28+0.12¢ 3.71+0.15¢ 4.50+0.43¢
CL iR Tk 0.60+0.09 - - - _
R T 0.62+0.01¢ 0.33+0.05" 0.31+0.02" - -
B4R Tk 0.18+0.01 - _ _
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Fig.4 Changes in the relative amount of aldehydes and alcohols
during the lipolysis of CMFCS and SMFCS
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Table 6 The types and relative contents of aldehydes and alcohols in the lipolysis of CMFCS and SMFCS o
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Fig.5 Changes in the relative amount of other compounds during
the lipolysis of CMFCS and SMFCS
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Table 7 The types and relative contents of other compounds in the lipolysis of CMFCS and SMFCS
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Fig.6 Electronic nose analysis results of CMFCS, SMFCS and
EMC
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