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Flavor Formation in Mutton Sausages
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Abstract; By inoculating Lactobacillus sake and Staphylococcus xylose, the experiment was divided into
compound fermentation group, a single Lactobacillus sake group, and control by natural fermentation, the
effect of different starter cultures on lipolysis, proteolysis and flavor formation in the fermented mutton
sausages was explored. The results showed that the addition of compound starters promoted the rapid
acidification of sausage, and the pH value of mixed group was reduced to 4. 6, which was significantly
lower than the safe acidity of the fermented meat products of 5.3 and other groups (P <0.05). The pH
drop caused the water activity (a,) and nitrite residue in the mixed group to be significantly lower than
those in the single, control and raw meat groups (P <0.05), and the redness color (a” ) of the mixed
group was the best. The content of free fatty acids in sausages was increased gradually. The content of
monounsaturated fatty acids in sausages at the end of maturity was significantly higher than that in the
single and control groups (P <0.05) , and the contents of saturated and polyunsaturated fatty acids in the
control group were the highest, all which indicated that the mixed starters contributed to the release of
monounsaturated fatty acids, while endogenous lipase played a key role in the release of saturated and
polyunsaturated fatty acids. The proteolysis showed that the proteolytic index (PI) and free amino acids
content of the starter group were higher than those of the control group, but the difference was not
significant (P >0.05). Totally 45 kinds of flavor substances were detected in the inoculated, which were
higher than 44 kinds in the control group and 27 kinds of raw meat (P <0.05). The mixed starters
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improved the characteristic flavor content of the sausage, such as 3-methylbutanal, aldehyde,

heptaldehyde, n-nonanal and other aldehydes. In summary, the addition of compound starters helped to

shorten the fermentation period, increase the content of monounsaturated fatty acid, and improve the color

and flavor sensory quality of sausages.

Key words: mutton sausages; microbial starters; metabolism; nutritional quality; flavor
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Tab.1 Fermented sausage processing conditions
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Tab.2 Effect of different starter cultures on physico-chemical quality of fermented mutton sausages

215
ZH
kA X R Al LR | il
pH {8 (5.80+0.06)° (4.87 £0.03)" (4.66 £0.03)" (4.60 £0.04)°
a, (0.97 £0.01)°¢ (0.80 +0.01)" (0.79 £0.01)" (0.76 £0.02)*
L (43.84 £2.11)° (39.53 +3.88)" (42.81 £2.44)° (43.00 £2.40)*
a* (7.66 £0.16) " (20.41 £1.10)" (24.58 +1.80)° (32.68 +2.65)"
W4 R £ 5% B i/ (mg-kg ') (70.00 £0.07) (15.03 £0.13)" (14.78 £0.27)°" (12.60 +0.08)*
PL/% (26.47 £2.31)* (29.83 £1.50)® (29.00 £0.25)*® (31.00 £2.69)°

i — 47 (B A/ OR) B 7 12 m 22 5 3% (P <0.05) AW 22 5 A 3 (P >0.05) o T,
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Tab.3 Effects of different starter cultures on composition of free amino acids in fermented mutton sausages

mg/kg
E(ER AN AL
JEEHA X AL B 4] RN
KA H IR (6.69 £0.28)" (6.87 £0.30)* (6.91 +£0.09)* (6.97 £0.15)*
22 5 R (2.73 £0.03)* (2.73 £0.06)* (2.79 £0.02)* (2.76 £0.07)*
B H@ R (11.88 £1.24)* (11.84 £0.69)" (11.93 20.11)* (12.17 £0.30)*
HEmR (3.68 +0.22)* (3.57 £0.21)* (3.76 £0.04)* (3.80 +£0.06)*
T RS N R (4.47 £0.33)* (4.45£0.12)* (4.47 £0.03)% (4.55+0.05)%
o 2 R (0.97 +0.05)* (0.90 +0.07)* (0.90 £0.10)* (0.82+0.15)*
it R (2.35+0.02)* (2.27 £0.05)* (2.22 £0.01)* (2.32£0.06)*
AR (2.39+£0.12)* (2.28 +0.07)* (2.34£0.10)* (2.23£0.15)*
k&R (5.10 £0.12)* (4.95+0.22)* (4.96 +0.02)* (5.01 £0.12)%
il 2 R (1.52 £0.54)* (1.76 +0.59)* (2.03 £0.57)* (1.68 +0.84)"
AR (3.38 £0.15)* (3.51 £0.30)* (3.51 £0.07)* (3.58 +0.16)*
HAMR (1.86 £0.12)* (1.95£0.08)* (1.96 £0.14)* (1.94 £0.06)*
TeE R (6.40 +0.24)" (6.40 £0.47)* (6.48 +0.04)* (6.57 £0.31)*
- BN (3.38 +0.34)" (3.44 £0.10)* (3.49 £0.02)* (3.51 +0.09)"
RN R (3.03 £0.16)* (4.09 £0.19)* (3.06 £0.03)* (3.09 £0.15)*
R (6.67 £0.46)* (6.64 +0.51)* (6.73 £0.03)* (6.78 +0.24)*
= R (3.22+£0.01)* (3.76 £0.22)* (3.74 +0.06)* (3.74 £0.06) "
5 R (0.21 £0.02)* (0.25 £0.03)* (0.23 £0.01)* (0.24 £0.02)*
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6 W07 5 Wi N 2 % o 0 2 P O T R LR T S 0 R
ik T % 1% PR ) 5 A KU T A 4 A I
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HIZ 4 LA, R TE TR (C o) AR NIEIR (Clgo)
T T A AN T R (SFA) | S B AR A N I
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Tab.4 Effects of different starter cultures on composition of free fatty acids in fermented mutton sausages

mg/ (100 g)
&t - A7 -
JEEHA X Al M2 Shd
Cio.0 2.69° (4.27 £0.03)" (4.88+0.66)" (3.14£0.03)*°
Ci.0 1.81° (4.33£0.02)¢ (4.29 £0.03)° (3.16 £0.01)"
i 0 B R Ciao 34.99* 80.23°¢ (80.40 £0.06) (57.21 £0.16)"
(SFA) Cis.0 (19.09 +0.02)° (15.65 +0.88)" (13.90 +0.13)* (13.49 +0.16) "
Cis.0 (149.43 £4.05)" (145.89 £1.12)" (133.42 £2.57)*° (149.70 £3.98)"
Ca.0 (1.58 £0.12)* (8.66 £0.39)° (14.05 +1.07) " (6.04 £0.41)"
Cia (1.53£0.06)" (3.84£0.28)° (5.06 £0.07)° (2.33£0.02)"
Cig.i (18.39 £0.32) " (52.620.57)° (60.49 +1.43)1 (34.04 £0.10)"
A F R B BR (MUFA) . . ‘
Cis.i (254.31 £6.44)" (239.65 £23.95)" (269.17 £32.60)* (324.56 £26.54)"
Cao. (3.68 £0.03)" (7.27 £0.06)° (4.97 £0.24)°" (6.54 £0.02)°
Cig.om6 (43.63 +0.51)¢ (11.97 £0.70)" (11.59 £3.79)" (7.74 £0.94)°
Cig.2061 (5.88£1.81)° (11.49 £0.79)" (19.22 +£2.64)° (12.86 +0.12)"
Cis.3m (16.05 +0.02)* (29.11 £5.48)° (22.91 +0.59)" (27.73 +£0.03)°
L AT g I R (PUFA) Cis.3m6 (0.88+0.11)* (4.73 £0.12)° (3.30 £0.05)" (4.63£0.07)°
C20.306 12. 89* (27.820.10)° (27.50 £0.70) ¢ (25.04 £0.38)"
C20.4n6 (0.38 £0.04)° (2.29 £0.04)° (1.69 +0.21)"° (1.72 £0.05)"
C0,503 (4.14 £0.04)° (12.40 £0.23)° (13.58 0.60) " (10.17 £0.02)"
SFA (209.59 £0.72) " (259.03 £0.41)" (250.94 £0.75)° (232.74 £0.77)"
MUFA (277.91 £0.26)* (303.38 £18.72)" (339.69 £21.09)" (367.47 £31.67)°
PUFA (83.85 +0.36)" (99.81 £2.49)° (99.79 £1.33)°¢ (89.89 +0.23)"
M (571.35+£2.45)" (662.22 £20.24)" (690.42 £22.68)° (690. 10 £32.02)°

F Tl SFA 200 7 7 45 J50RH A P SFA 715 i
EREF(P<0.05) M EHIEHRR. HoN, i AEF
fir SFA (232.74 mg/(100 g)) & % fik T I I8 41
(259.03 mg/ (100 g)) . F—41 (250.94 mg/ (100 g))
(P <0.05) 3% AT A 15 % B R 2o v i FLAT 1 45
R 4 0 BR T A A 6 I DT R 25 R RS AL R UFA
s A

P2 4 AT, VR 0B A B 2 T R X A i P R
RN R ( MUFA ) B A 0 35 52 00 5 395 18 LT
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i . MUFA iR (Cg, ) 20 5 3 82— o &
Bic 3 41 % A i M s 05 BR 1) 78.99% | 79.23% |
88.32% , M2 3 4175 i b MUFA 41 Wi A7 75 B 3% 2
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i 15 5 L4 MUFA & & 5 % 5 T JFURH Y A X IR 40
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P VTR ) IR 0 55, 00 LA 1) 7 R ) 2- B 09 1
WG TR 2-28 45 B, BENET 26 % Bli% 26 ) TR
TERAE K B 5 @ . B4, MOTTRAMD

WEFE R AR ER (C,, ) & 55 PO ALK . 35 1 A
K, AR B RAAERE 1-C B, A
LE SRR Y PUFA 3 21 75 i 249 A (] i 3 385, 22
SENKEN R A 0 HR4] B —4] RS, {23 4]
Tl HR 4 PUFA 22 53 OK &g 35 skt R 2 W v, 156 W)
DY IR I X A i e PUFA RS RCE 32 BEAE T, 3X — &5
5k A BRI — B M EEUR A PURA
YR, B W b R SRR R L AE AR DU R ( Copang )
Ak R (Cop sy ) YA KK B FH; HAF I b
FRAE K B (B XUBR 9 5 2 22Kk A T PUFA ol il R
U RRBR A6 A DU BR A R LR, N 28
s TS R A T O 245 6 e R 28 LR 5 3 2 ol
FALHNE i 2 b A AL 20 B 2, 5 I iR AL
Ry 13 R A
2.4 AEXREBEFEREZBEE P RKYREEK
S

A M v R ) o R R SRR R Ak oy
fife, B ILR Strecker [ ff 5 i %Ak &% Maillard 2
T A I KU B AR R E Bk AR, i S T,
3 A FE 5 R R AE R 4 AP K 22 5
o PR LA L RV ) G 27 Ffr, X HEZH Ry 44 Flos R 7
4145 Fr, JLrp RS 15 Bl BESE 10 B BR2E 8 AR A
W2 e ke 2% 2 Bl il 28 S HAth kg 6 Bl 4[] EL A T
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Tab.S5 Effects of different starter cultures on flavor composition in fermented mutton sausages g”!
K =) y . 251
RS s A FURH A %t 1841 o el
1k CsH,, 0 (1.10 £0.23) x107*  (9.80 +0.40) x10° (1.29 £0.11) x10"
2 3-HETRE CsH, 0 (1.10 £0.30) x10%  (2.60 £0.10) x 10°"
3 g CeH}, 0 (1.60 £0.10) x10%  (6.24 +1.91) x107°  (3.39+0.18) x10”® (7.70 +0.62) x107°
4 2-O R CeH,\yO 2.00 x 10°* (3.00 £0.20) x 10° 8.00 x 10°° (1.50 £0.50) x 10
5 BERE C;H,0 (3.15+0.52) x107*  (4.10 +0.81) x10™ (4.58 £0.22) x10™ (1.21 +0.09) x10*"
6 Jz-2-BEiETE C;H,,0 (8.30 £0.80) x10°  (2.00£0.20) x10°  (1.90 £0.80) x10°*  (3.20 £0.40) x 10
7 (E,E)2,4-pi"dmmg G H, 0 (2.30 £0.20) x10°  (0.90 0. 10) x10°  (1.20 =0.10) x 10°
W 8 -2-FEIAEE CgH, O (1.90 £0.22) x107"  (2.20 £1.00) x10°  (1.40 £0.20) x10% (2.70 £1.40) x 10
9 IETM CoH 50 (4.41 £1.24) x107  (3.70+0.44) x107*  (5.39+0.62) x107"
10 I -6 -7 475 ¥ CoH,60 (5.00 £0.30) x10°*  (3.60 +0.50) x10% (1.77 £0.23) x107°
11 o228 i s CioHisO  (4.3020.50) x10%  (1.40 £0.60) x10°*  (1.00 +£0.10) x10°*  (2.60 =0.40) x 10°"
12 2+ — s Cy HyO (2.50 £0.20) x10° 1.00 x 10°® 5.00 x 10°* (5.00 £1.00) x10°*
13 ZR I C;HgO (6.94 £0.79) x107  (2.40 £0.30) x10°*  (1.90 £0.10) x10°*  (2.30 £0.10) x10°
14 2-283L 2 1% CgHgO (1.10 £0.30) x10%  (1.10+0.20) x10°* (1.70 £0.20) x10%
15 4-5 T 32 T i CoH,,0 (2.00 +£0.40) x10%  (5.60 +1.40) x10°®  (3.40 +0.20) x10%  (2.80 +0.40) x10°
16 W C,HgO (2.27£0.83) x107  (1.56 +0.11) x107*  (2.40 +0.06) x 107"
17 IFTE C4H,,0 (2.20£0.30) x10%  (2.10+0.20) x10°* (2.70 +0.10) x10%
18 IF I CsH,,0 3.50 x 10 2.70 x 10°* 6.30 x 10%
19 1/ 0 -3 - CsHy\, 0 (2.80 £0.80) x10°  (9.00 £3.00) x10°* 1.20 x 10 1.80 x 10
- 20 IECEE CeH, O (9.90 +1.80) x10°"  (5.20£0.80) x10°  (3.30 £0.20) x10° (1.30 £0.05) x 107"
o1 2,3-T C,H,,0, (9.10 £0.70) x10%  (2.26 £0.07) x10*  (1.99 £0.31) x 107"
22 13- CyH,\s0 (6.50 £1.40) x10%  (6.30 £2.20) x10%*  (4.50 £0.30) x10°  (5.00 +0.30) x 10
23 IEFERE CsH ;30 (4.90 £1.00) x10°*  (2.90 +£0.90) x10%  (6.60 +0.70) x10°
24 KLEE CsH;, O (7.80+0.90) x10%  (3.50 +0.30) x10®®  (3.90 £0.10) x10°® (2.00 +0.20) x10°*
25 4-SEPY IR HIEE CoH,0 (3.5120.18) x10”"  (3.80+0.60) x10°  (3.00 +0.60) x10°*  (2.80 +0.40) x 10°
26 ZBRH TR C;H,0, (2.98£0.69) x107"  (2.90 £0.50) x10°  (3.90 £0.10) x10°*  (4.00 +1.30) x10°
27 LR C,H30, (2.10£0.80) x10%  (1.60 +0.10) x10%  (4.40 +£0.90) x 10
28 FLIR LT CsHy0;4 (1.34£0.10) x10%®  (6.10£0.70) x10°  (8.30 +0.60) x10%*  (5.50 +0.70) x10°
ik 29 CR LT CyHi60, (8.63 +1.54) x107°  (2.60 +0.40) x10° 1.60 x 10% (4.40 £0.30) x10°
30 CR-2-R 1 CiuHy0, (5,18 £0.32) x10™  (3.70 £0.80) x10°" (3.2 20.10) x10° 3.60 x 10°
31 R g CyH 30, (3.60 £0.60) x10%  (4.60 £0.30) x10°  (4.70 £0.20) x10°"
32 ¥R CioHyp0,  (3.50£0.18) x10™  (1.30 £0.20) x10°  (1.50 £0.20) x10°  (1.80 £0.20) x 10°°
33 8-H LT W g Ci1Hx» 0, (1.10 £0.10) x10%  (1.70 £0.20) x10°*  (1.30 £0.10) x10°
L34 3-RME2-THR C,Hy0, (4.50 £0.90) x10°®  (1.20 +0.10) x10°* (1.40 +0.10) x 10 5.40 x 10
W2 35 4-¥2F2-T R C,Hg0, (1.20 £0.10) x10%  (1.70 £0.20) x 10°* 1.30 x 10°*
- 36 Mk C,H,0, (3.74 £0.10) x10%"  (1.16 +0.25) x10™* (7.80 £0.50) x10° (1.58 +0.17) x107*
T3 Tm C,Hg 0, (1.50 £0.90) x10%  (1.70 £0.90) x10°  (1.70 £0.50) x10°*  (1.40 +0.50) x 10°
- 38 SRR ILH R CioHyy (1.39£0.29) x107*  (1.02 £0.02) x107*  (1.19 +0.08) x 107
39 IEJuki CioHyp (1.31 £0.09) x107"  (1.90 £0.20) x10°  (1.60 =0.10) x10°  (1.40 £0.20) x 10°*
40 B-JRM CioHie (8.89£0.52) x107"  (1.65 +0.34) x107 (1.22£0.04) x10™ (1.25 +0.05) x 107
41 DA CioHie (2.90 £0.07) x107"  (3.06 +£1.03) x10™ (2.16 £0.10) x10™ (1.52 £0.19) x 107
R 42 y-Frid CioHyg (7.50 £0.80) x10°*  (4.80 +0.30) x10°® (2.20+0.20) x10°
iﬁg 43 2-1F Ji 5 ki g CoH,, 0 (4.70 £0.30) x10%*  (5.67 +0.91) x10"™"  (4.07 £0.34) x10™ (5.79 +0.60) x 107"
T 44 BN CioHy 0, (7.00 £2.60) x10°*  (4.10 £0.30) x 10 (4.40 +0.50) x 10°
45 i A i CypH,0 (3.20+0.20) x10°  (5.10+1.40) x10°* (8.30 £1.00) x10° (5.70 £1.00) x 10
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