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Abstract: To investigate the differences in the physical and chemical properties and flavor quality of mutton sausages under different
processing environments, the conventional physical and chemical characteristics, bacterial diversity, and volatile flavor substances of naturally
fermented mutton sausages hand-made in Chengdu and Leshan in Sichuan Province and Anging in Anhui province were compared and
analyzed using high-throughput sequencing and metabolomics techniques. The results revealed that the richness and species diversity levels of
microorganisms were highest in Anging samples; the relative abundances of Staphylococcus spp., Cyclospora spp., Lachnospiraceae NK4A136
group spp., Bacteroides spp., Odoribacter spp., and Lactobacillus spp. were high in the three processing environment samples. The differential
species detected in the Chengdu samples and Leshan samples were Staphylococcus spp. Cyclospora spp., respectively, and the differential
species in Anging samples were Lachnospiraceae NK4A136 group spp., along with an unidentifiable genus. The volatile flavor composition of
Chengdu and Leshan samples was similar and mainly conferred by aldehydes, whereas the flavor of Anging samples was mainly conferred by
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esters. A significant positive correlation was detected between the dominant flora and key volatile flavor substances in mutton fermented

sausages, indicating that the dominant microbial species determined the key volatile flavor substances present. The bacterial flora structure and

volatile flavor characteristics of mutton sausages vary under different processing environments. The results of this study provide a basis for

determining the effect of dominant flora in traditional fermented sausages on key volatile flavors from the processing environment.

Key words: naturally fermented mutton sausage, processing environment; bacterial community; volatile flavor compound; correlation
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Tablel Physicochemical properties of naturally fermented mutton sausages from different processing environments

Hf 5o Group_S1 Group_S2 Group_S3

pH {4 5.99-40.02% 5.9140.01% 5.9740.05

K8 %1% 3.484.42° 6.200.83° 5.7340.67°

T #KER 382 /(mglkg) 4.2240.36° 8.2742.99° 1.5740.29°
TBARS/(mg/kg) 1.6340.42° 0.6840.07° 1.2040.27%
L 37.2740.94° 46.0447.40° 50.92+40.93*

a 11154 .57 10.12:4.63 8.45+ 59°
b* 14.8841.18° 12.6942.17° 14.6141.28°

4mH %.4/(log CFU/g) 8.1530.44° 7.1340.17° 7.15240.48"
# %171 %%/(log CFUIQ) 7.8340.60% 6.7540.37 6.05:40.85"
FLE% # %/(log CFUI/Q) 7.1820.34° 6.92:40.44 6.9740.31°

A F—ATPHRFREATEFRLAREM (p>0.05), FRFELAFTEFLAREME (p<0.05).
% 2 TREMINE B ALBEFREHUE alpha SHTLER
Table 2 Alpha diversity indices of naturally fermented mutton sausages from different processing environments

Samples OTUs chaol goods_coverage shannon simpson
Group_S1 6093 3379.115 0.99 6.41 0.81
Group_S2 5912 3389573 0.99 5.74 0.84
Group_S3 7210 4.093.442 0.99 9.94 1.00
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Fig.6 Total ion current chromatograms of volatile flavor
compounds of naturally fermented mutton sausages
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Table 3 Relative percentage and ROAV of potential key volatile compounds of naturally fermented mutton sausages from different

processing environments

g PR o e T T
8 I(ngkg)  Imin /3\.;—;;0/;7 ROAV é\fé%] ROAV /3\_%0/:’ ROAV
A5 59 #)
T 450 705 1087.95 4554070 10.86 4324014 829 5474069 2679
RX-2-FWm 300 1639 142807 1144033 408 1744007 502 1724010 1262
Aot 300 1834 150325 1354012 482 0904003 258 0574006  4.19
EX 110 1546 139265 10234009 10000 10014096 7849 4994031 100.00
SR 110 365 93164 048008 471 0414003 324 0324004  6.49
P2 280 920 116631 196065 751 2704016 831 0494005  3.89
EXL 4170 1905 153211 5754039 148 4104038  0.85 1194008 063
A-THFHFFES 12323 2340 1714.67 * 1462016  0.10 *
2+—#4E 500 2418 174933  nd. 3794025 653 *
it 25.46 2043 14.75
B2 £ (5 #)
14388 150 1731 146346 2144008 1532 1434015 822 3334036 4899
A 15020 1191 126321 * 0414002  0.02 0434005  0.06
SAEEE 022 1969 155813  nd. 2564059  100.00 nd.
P9 56423 2808 193039  nd. 0874005  0.01 *
HASE ~ 3184 211958  nd. 1.4449.05 nd.
it 2.14 6.71 376
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&3
- Group_S1 Group_S2 Group_S3
YA RT

WA /(Ejg/kg) /min Rl A Z;Z’\ ROAV # Z;/;”\ ROAV A Zj;/;”\ ROAV

BRI £ (2 F)

At AR ER 60.00 2656 185794 1.00#0.16  0.02 * 027401  0.10
4-32 5 -4- 5 3 -2- /5, BR 1517 1381.99 0.4240.03 0.4440.05 0.3740.03
Avit 142 0.44 0.64

B5 % (9 )

KBRS 500 2169 1641.28 n.d. * 7.914.79  34.89
+ 985 LBS 4000.00 3048 2049.75 n.d. 0.31#0.03  0.00 2184022 001
AFARBR T s 2000.00 3433 225359 n.d. 0.5040.10  0.00 3184031  0.04

hER B 870.00 38.37 2465.00 n.d. * 1.3330.20 004

TR LB 0.90 5.87 1040.56 n.d. n.d. 0.4740.02 1153

B LB 500 1117 1236.79 n.d. n.d. 10.634.60 46.87

F R LBs 19.30 1664 1437.69 n.d. n.d. 4584028 523

T8 LB 37700 1923 153943 n.d. n.d. 1.9440.09  0.11
P ALBR T Bs 5900.00 26.29 1845.33 n.d. n.d. 1874014 001

it 0.00 0.81 34.09
MBS (1)
-+ A B 043 3651 237613 1124041 27.92 * n.d.
it 1.12 0.00 0.00
stk K (17F)
NE % 252502 1752 147154 85544.90 0.04 * n.d.
it 8.55 0.00 0.00
ok v 5 (1 7F)
2- R ek 580 1049 12125 0.99#0.17 1.83 * n.d.
it 0.99 0.00 0.00
HAE Q2 FF)

B btk 2123 162213 n.d. 0.7540.04 n.d.

LAEFE 3234 214233 n.d. 0.5240.06 n.d.
it 0.00 1.27 0.00

A ndRTAREE; *RFAFMNRE 40 EIHSTARNFAR S, TMABORFLBEG XYL, -RTAEERZ

oty BE;, T AR,

S I I O A AR PR 2 27 ) EL KT 7 KU B

it PRSI NS 1 7  ER

(34.09%), FE N

IELE Py 2 7k N SRR SN ) 2 N il
AR LR P SR ARG 0 & B e, 0N
25.46%5 29.43%, BESMIF S BRI O
5w, CEE. ERATAYFUR IR SR skt
AL AR N7 it A B AT AR R K
KIS U, IS & By
g Ol ST, 2 R SR T R — 2 WUl
BT E AR AR ARAEER. IR,
RO, hyien s CUBERI TRESRAIL T & FORG AT -

EeSM )5 e SRR EE R, 2 RATTH
KR, XA R R+ EE AR 2R

CIR TR SRR ORR. LIS T7 fh R A AN
Dok, AR NI R EE . A
BIRMIF X B hily B RNTIR A p- R ARG ISR
2 FEAMIIBRERZ NABRIL G, NS EIRENEIR
T AR A R

R R SRR 2, b2
HORIE T A YIRS, #8708 T RERIE T ARG
M. =R R SIS & B e 2 1
S A-3-MEAOTRNT, 1P 43l — A IR L R
WHIRFERR=, BIEAR, FA SRS E )k,
NE VBRI IR ] D7 REE R & X
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Wk, RIS T ARSI i P PO O
J Tt 55 K IR 5 R A BRI S A = 1, Bk
i 29U o 76 2 35 i PR SR AT BT 5 2 TS PAY v e IRk
WA VIIBEEYIR Y 1-305-3-B 555 hams, S5AHRT%
2 AL

BRI 2 T 35 o4 S I OB 2 A R R AR R
HAT A s R, HRMEBAREY, %2 Ak
BA— @ ARAE A 5T B B A AR D
A 3, K g BERm N BTN, S
TEERRRE, ZWRETE T Es L. 5
RN, st T R S ) A AT A
BRI & B 2 R 23-T . 248
AR RA B, ATRER T RES Tk A I E A R
RE, ML LEARRSERA.
2.3.2  RE)he LIRS SRR L MRk T %,
DHT

DA ANRE S P T TR 1O S R KR 5 3
TFERSAHT, FRASESEWE 7 frs, MR
LIE H, PCL 5 PC2 4y BlfifRe T RRIE Mkt b 77.38%
1 13.459%[ KUK 15 2., PN RS2 R 90.83%,
T LR IR RS B K 7 AT,
T PRRE 5 A SR LR SRR, B 22 RE
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Fig.7 Principal component analysis score map of flavor
substances in naturally fermented mutton sausages from
different processing environments with 90% confidence level
2.33 KT ROAV 5T 7 Fl o [R H-Ju K ARk

adh

FER ANV i KRR SR MY S5 05 & 8
Ky, EEPRREA I e X Rk Tk
YERIIMIET, AT ROAV TER BT ik o
ROAV>1 (M2 dh IR KR 54, iR 3
B, EFES T ROAV>1 (54T 10 B, SRilFE
a1 ROAV>1 HIMIA 9 F, 22 PREE RN ROAV>1
ISR 11 B o =AM EIEE S A i 10 OB R A
RkA &AL 16 Fh, W3 4.

& 4 TEIMIIMEFERER X EIZE LM RRR
Table 4 Key volatile compounds of mutton sausages from different processing environments

W) % AR Compound RekAthig Group_S1  Group_S2  Group_S3
(WS hexanal F3ek. hlgek 45530.70 4.3240.14  5.4730.69
B -2-F ik trans-2-octenal SRR T AETR 1144033 1744007 1.7240.10
1-F4-3-B3 1-octen-3-ol JEIEvR 2143008 14340.15 3.3330.36
RmE decanal p)iER/ N 1.3540.12  0.90#0.03  0.5740.06
y-+ = B y-dodecalactone KRR 1.1240.41 * n.d.
2- Rk 2-pentylfuran 24 Fh REA 0993017 * nd.
B nonanal HETR 10.2340.09 10.014#.96 4.9940.31
SR 3-methylbutyraldehyde ok 0484008 0414003  0.3240.04
SR heptanal HETR 1.9640.65 2.704.16  0.4940.05
E S benzaldehyde A=k 5754).39  4.1040.38  1.1940.08
FeEg linalool fehek n.d. 2.5640.59 n.d.
RER LB ethyl caprate ATk n.d. * 7.9140.79
2-+—Er 2-undecenal WAgTR n.d. 3.7940.25 *
TER LB ethyl butyrate KEk n.d. n.d. 0.4740.02
TR A ethyl hexanoate TRARwR n.d. n.d. 10.634.60
FBR LB ethyl caprylate KRk n.d. n.d. 4.580.28
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Fig.8 Heatmap of Spearman rank correlation between the
predominant genera and key volatile propertiesof naturally
fermented mutton sausages from different processing
environments
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