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Identification of Dominant Spoilage Bacteria in Chicken Feet with Pickled Peppers and Analysis of Their Spoilage Capacity
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(1. College of Food Science and Technology, Hunan Agricultural University, Changsha 410128, China; 2. Key Laboratory for Food
Science and Biotechnology of Hunan Province, Changsha 410128, China; 3. Yanjinpuzi Food Co. Ltd., Changsha 410000, China)

Abstract: The dominant spoilage bacteria in chicken feet with pickled peppers were analyzed by high-throughput
sequencing technology and isolated by the traditional culture method to evaluate their spoilage capacity by back inoculation.
The results showed that the dominant genus identified was Bacillus, and four dominant strains were identified including
B. methylotrophicus, B. velezensis, B. subtilis and B. safensis. All these strains were able to produce protease and lipase
activity. Among them, B. safensis showed the strongest protease activity (51.19 U/mL), while B. methylotrophicus showed
the strongest lipase activity (3.75 U/mL). The pH, total volatile basic nitrogen (TVB-N) content and thiobarbituric acid
reactive substances (TBARS) value of the samples inoculated with each of the four Bacillus strains were higher than those
of the uninoculated control group, indicating that all four Bacillus strains had spoilage capacity. This study will provided a
theoretical basis for preventing and controlling the spoilage of chicken feet with pickled peppers and extending its shelf life.
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JTCEK £ 0 3= B 7= SRR P i G HE IR B (Yarrowia
lipolytica) . ZFWFEFRIFEE (Pichia guilliermondii)
W EW H 2k (Leuconostoc mesenteroides) F1r= iR
2R (Candida utilis) « 8" PR EIHEHURUT
T BRI bR/ O PEZEfUAT R (Oceanobacillus
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FIARAR: LGl o8 RET =55 o
FARAR: 1,1,33-U 8RR Rl kA1t
BB R AR FHRi%AZ (plate count broth, PCB)
HREBHEMHEREGRA A FRITEBE (plate
count agar, PCA) IR AR A R A A
g2 &Mk F 8 (Qubit dsDNA HS Assay Kit)
EEEREMEARARAA: AxyPre % & B aE 2L M
(polymerase chain reaction, PCR) iFi&il7l&  EH
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DNAJTHE, [R5 66T X DNABAT & & .

PCRY #: FIH16S rDNA V3~V4IX 5 ¥
341F~805Ri#HATH 1. PCRY #IA R SAAFUR25 uL, H
4525 ngf R DNA, 2X Tag master Mix 12.5 uL, EF
W51 %2.5 uL, ddH,0%h5% %225 pL. PCRY %A+ 4
98 C A E30s; 98 CAME10s, 54 ‘CiEBk30s, 72 ‘CHE
ffi45's, 32 MEH, 72 CLEMI10 min, 4 CLRAF. HUPCR
P10 WL FH 2 %o B BR B s F VK EA TR, A G A A
A Ik AU AP AR AT FRA B AT s s 7

EAE TR R P O 1A= IV TR R S AR
(barcode) & BT 48 HEAT ¥ 40, FAR 0 X0 3 51 (1)
#HE (overlap) KFR, KIPHIPHHEHRK Ktags, FH4F
B 52 5]\ Fbarcode F 5 ¥ )7 41 £ B . ¥ FH Vsearch
(V2.3.4) BT i i S AR AR AP 51 AR i A A 511,
Tk B 97% LA L AL (9 7P 31 43 T 45 AH I f T 4 4R
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- HJ0 (operational taxonomic units, OTU) .
ANOTURFAR R T H, SR J5 18 FAZ B 4 25040 e 100 H
(ribosomal database project, RDP) 432301 Kk 17255
AREMEFHY . FIFMAFFT (V7.310) #4455 AN A
KB AR 22 F#AT Z P A, B AAFOTUN
MRAKEKRFR. LChaolFE4L. Shannonfi%i. Simpson
faHfObserved OTUs Jyf 45, FHQIIME (1.8.0f0) 15
B R S I & DR AR JE AT R 28, Pl it a R 2 FEVE S
T BN REAS b P ol (1 22 A DA R AR [ 1 3 45 4 2 T) 1)
2 SN RRAEASOTUAR % 5 41 5 RDPHUR 2 F Unite
AR, BB & MEARFTAOTURIYI MR, XI
OTUMHAT YN 732K Gu it 5 3R 15 11K R g /K F L4 b
FE,
132 PRSI 7 85 45T

BUAARORUTURE §625 g F-225 mLAE B R K g, 78404
V¥R, AT R B RE o HUA O B R R R I T R
100 uLif A EPCAR F7 % b, B 137 CRFRM h R %
24~48 h, PRI PP RIAFRIES R EVE, 5P F X
2k2~3 K, HEMGBAREANEE . PRPCREE, 3
AP IR B I EE . IR I AH I TDNASREL, {3 A 4
EiEMH 5% (27F: 5'-AGTTTGATCMTGGCTCAG-3';
1492R: 5'-GGTTACCTTGTTACGACTT-3") #EATH 4
I, ¥ TR SI#ENCBI_EHET R 51 EE X
1.3.3 AL EA s IR it 1 0

F 1 % W #2252 48 b 00 b B W AR s 3R
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Ae il % L. S HEGB/T 23535—2009 ( JIg iy it sl
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1.3.4 DR MO BUR RE e
1.3.4.1  HEERH& S5 HM

AR T W B bR B AR TPCB RS IR A P37 C R
12h, FHICR A3 3k R B 1 4210 CFU/mL.

FEHHURUTRE 5 73 6 4. 4 DNAbBRAL: ) 5 Wk B
0.5 mLBWMH W, BeMhERAT10 g EHEFE T 228
BHASh, HEAER, WE T37 CEERFRA T, X
MRZHT: WZHLO0.5 mLICE7K, M ERA10 g OBk S i
BB, AL, BET37 C HEERFRAE R
s WTHRZH2: WRENO.5 mLIGH /K, EFRELEAT10 g m
FER RS MES Y, A a%, ME T —20 CukFEH
o FEN 1 A AR, ABEALRE S8 B B T e
%, W HEAT AL R E .

1.3.42  pH{EME

fEHIpH T (Testo 205) 4 AR 5E HpHIE .
1.3.4.3  FERMIHFR (total volatile basic nitrogen,
TVB-N) {Hilll5E

ZHGB 5009.228—2016 £ ff HF 4% K 1 £ 3L U
SE ) BEATINSE o
1.3.4.4  WAEHZERKNY) (thiobarbituric acid
reactive substances, TBARS) {HillE

Z 8 GB 5009.181—2016 (& dhF A FERIM e ) it
A7 ISE o
1.4 Bdlibr 5o

BALFR bR B N3 IRFAT SEBS 1~ A ME 2R BT
AR F4 MW ES, Uits®n., i SPSS
26.0HHT BN & 7 Z 0T (ANOVA) JE#47Duncan® &
Leis, P<0.05BI¥{A % 5 3% . K H Origin 2021 F1Excel
2HI R . A HIMEGA-XBH 8 R R B
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2.1 EREEITE S AL B
2.1.1  aZHEE T

o % FEE IR H R F R A i R R s
FERZ A", Observed OTUsHIChao 145 % H i Sz 4y
MEEE, 1MSimpsondd FU A1 Shannon i % 3= 5 s L4 F
RV R LTI A, BT RE S 5 R 115 $]0.99
DA b, 0 B AR 0y 1) 45 S RE AR AL il v 4 B R VR AL R
MBS oL, BEFFE L (ZC0921) [fObserved OTUsH
Chao L8 £ L RS 73 5 5 A iy, Tk BT A o o ) 4
PR T8 P SR AR IR S R T . [E I, AR A
Simpson#g £ flShannon¥8 4K, 1T HE &AL 4 J5 W i 410
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Table1 Comparison of bacterial a diversity of chicken feet with

pickled peppers
s Observed OTUs ~ Shannonfi 4l Simpsondii¥l ~ Chaol4i%( L EES
7C0921 3387544649  2.70£0.06 0.4920.01 339.88+47.65 1.00£0.00
YC0921 452508438 5.93£0.17 0891001  453.69+85.14  1.00£0.00
YC0917 2692516233 2.62£0.36 0481004  269.95+62.78 1.00£0.00
YCO811 15.00+5.42 0.2840.01 0.090.00 15194542 1.00£0.00
YC0729 2251411 0450.01 0.12£0.00 2240%4.16 1.00£0.00
YC0623 67.50£32.95 1.12£0.06 0.3910.00 68.60133.88 1.00£0.00
YC0610 64.00+30.23 0.84£0.05 0.29£0.01 65.15+31.08 1.00£0.00
YC0507 161.50£39.95  0.660.09 0.15+0.01 165.09£39.85 1.00£0.00
YC0411 82.25+32.44 0.94£0.06 0.26£0.01 83.52433.64 1.00£0.00
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Fig. 1  Bacterial community composition at the phylum (a) and genus (b)

levels in chicken feet with pickled peppers

WE1afinr, WREBEARROTRE S (YC0411,
YC0507. YC0610. YC0623., YC0729. YCO0811.
YC0917+ YCO0921) H g4 34 Ji W i 171 N JE BE 1 1]
(Firmicutes) , L% &M (ZC0921) H AL E
TN # 1 (Cyanobacteria) . YCO0921H [f] 5k
BT TAR G = FEAE BT A 7 8 AE i ik (50.08%)
HRNYC0917 (85.10%) , TMi20204E8 H11H BT K
FEfh (YCO0411~YCO811) JEEEWR [TAIX F KT
95% , 5t B il o5 U ek T JR) AE G, A A R WO RRT 1T O T
W E S HAT .

TARCROTCRE & b 20 B B 9% A2 R K T B 4 Rk
O mE IR, IEWAEMZCO921H L% A
J& NOxyphotobacteria_unclassified (71.27%) ,
Oxyphotobacterial® T % # ] (Cyanobacteria) ,
HrzofiFwmy. LmEEERE AT, KWk
Oxyphotobacteria_unclassified 7] G KI5 T Ei . 1M
F WA T AR B R N AT B (Bacillus)
YCO921 "W AT H J& (Acinetobacter) . PR &
(Streptococcus) S5t AT AR 32 o il & IE 5
B ZEK CAE =i (B AR 5D, 28 FOAT B AR A R 3 B2 38
(M34.68% N %99.90% ) , 11 Ho At 20 B Ja 1y AR % =
)RR, 10 B ZF AR 1R R D 3 BORE e 1 L T
AWy, FAME] T AR AR, AR S R AR
FE AT SRR B R B R 2 R R
JEERCEA, i g URIER KRS JARURUTG AR I A B R
B RE S BT 2E AR B B PR R AR IR D R v R, B
SRR A 2 5T AR 07 A«

2.2 MR 5 B A e

TR P 25 2, A I ARURUTURE 5 (98 7
JEE W HEAT A B A4, RIS B4 BRILBU R RR, VR Y
BRI WER2FT7R. Bk623-4RMIEIE, Fihz:
B BEAR811-23K M i VA R4 BRRO17- 136 T
i, AREYL, LSRN FR21-4LHOEH, U
Ko 4 PRIFEMRF Z RGN, BAPIR, A5

| s
A~D.FE623-4. 811-2. 917-1. 921-4;
TR 2.5 BN B TR AR

P2 gy Bk B 8 R LB (X100)
Fig.2  Colony morphology and cell morphology of the isolated
strains (x 100)
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LO1) » AAMRLEZIR98%; W #R811-27 VU3 25 F T i
(B. velezensis strain 2586) , tHANEX96%; EHE917-1
HNFGEZERIATE (B. subtilis isolate BS-1) , AHLE IR
100%; BWPE921-4 NI HE ZE AU (B. safensis strain
HNS004) , HHEEZIEI8%

2 SrEEPRIN16S rDNA % E &5 Yt

Table2  Results of 16S rDNA identification of the isolates
TR G 5 Eyeap ARALLEE %
623-4 B. methylotrophicus 1.01 98
811-2 B. velezensis strain 2586 96
917-1 B. subtilis isolate BS-1 100
921-4 B. safensis strain HNS004 98

2.3 A IR PR A

o AT A5 JEE WA TR AR 3R AT R I B D R D E . &
RN, FTE W ARY B — 1 A B 2R G
(B3 o Bbk921-48 ARG & (51.19 U/mL) ,
H Ik N623-4 (28.81 U/mL) + 917-1 (7.36 U/mL) Al
811-2 (5.20 U/mL) . fij Jig s Tl vify Ak A 5k 1) 1 D 623-4
(3.75 U/mL) , HKM8I11-2 (2.92 U/mL) , 921-4
(2.83 U/mL) #1917-1 (2.08 U/mL) . Wi %W, £
FE BB 5 B A B 1P R A /1 4 S
PR IE H 1 BRER ARSI (257.6742.44) U/mLAH
SRR B . VO AR 2 AR B R AR A I e B R A
R IS 1T1469.26 U/mL™ . Ak, ZEFAT B th 2
(77 R IR B AR, AR 75 2512 M 398 Fh i Hh f HR R
I LA B TR Bl AR T IR I B YE 14:0521.22 U/mL. AR
BIF 58 7 545 K4 PR B AT BEXTVARURUTCHH (1) B 11 5 A AR I
YIRE @R RER . Rk, Ko 58 s ke fh T mUx
J, e EGIE HHEMURU I BUE B

o DEAEEHE 0 EnEEE o

__] L .
g50 .

S 40t 0=
Z30F

ggzo- 5c
o 10F 05
Hﬂ 0 1 1 1 0.

623-4 8i1-2  917-1 9214
FRG

3 A [l BRI S 0 R T R O L A

Fig.3  Comparison of protease and lipase activity of the isolates
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2.4 BRI R BUE Y5 IE

W, SRR & R EGT IR R, B pHAE
FEVPA B SR AN R AR I R3E A, A
7 3 UL T R R Y ABURUTCRE it AL pHABL Y /& - C 4 (37 ClE
RS R L U4 AR R e EUERE ), H
0 U RS A Jo R AR AR AT e (1 8 1 o A e 2k
B2\ AR

TVB-N{H It & 32 2t T 52k 9 F0 i 5 s 78 F
TERARM AR BESFERESE MR 4 Mk
HAH M TVB-NAE X T[54 58 e 2T % i C 4
(3D, R4 BRZEAF B RHEHURUTUEAT — 52 18
JERE ST o FREG A SR TR DU R SE AT B (B, cereus)
AT A3 fiAt it fo v 0 B 1 BRI S B0 18 d TVB-NAE i £
362.32 mg/100 g. $%F1623-4 B bk A AU KT VB-N{E
fE (25.10 mg/100 g) , #EFH811-2F AR A TVB-N
E MK (12.08 mg/100 g) . REF921-4F bk ™ & 1 i
Re I fch, (HIEFO21-4B HRAIFEMTVB-NE A &
(18.57 mg/100 g) , X T g2t T921- 4B bR rE RN 4R
KAE R S8 . kR R Wang Guangyu™ S5 5T
IR R IR LA A i B T v M P M B B A T PR R AR K
BUK, ETVB-NEEK, SATFFRL ML, i, cH
(6.50 mg/100 g) [TVB-NE LN (—20 CIj = (A
XPRED  (3.13 mg/100 g) &, AT RE2 AU A (1) P U
P MR ER S B U IR T DA 1) 2 1 0 P B i

T R 2 A A R A A s T AR R
S, HATEMN % (malondialdehyde, MDA)
W R FOR IR AL FEERY . TBARSIE K, 1t
FIMDA & &l i, R A e e hk3nr
H, 811-24H (0.83 mg/kg) M623-42H (0.82 mg/kg)
fITBARSAE it 5, M917-141 (0.41 mg/kg)
TBARSTH L C4l (0.45 mg/kg) BEAK, W@ bk
917 1%F ¥ BRI o 84k 19 8w 35 /0, 55 4k Ah iR
B G eI (E3) SR —. AWK,
A 1) B R ZETBARSTH K 10.6 mg/kghf & &4
AP, P A A I R A A KR, R B #6234
811-2F192 1-4X%F AU & i 350H — 2 52, 7] R
FEUT 5IE T AR IR R AR Rk . C4H (0.45 mg/kg) Y
TBARSTE EENAL (0.33 mgrkg) &, XA BESE H TIGIR AT
7 He AR

A3 RIS 1AL B A M TRBURUT B bt

Table 3  Physicochemical properties of chicken feet with pickled
peppers inoculated with each of the spoilage bacteria
i
0] C N

6234 8112 917-1 914

o S8E001 5484001 543H00°  S162001° 54001 5012001
TVB-NE/ (mg/100g) 25104039 12080507 19594029 185721600 6502023 3132039
TBARS(E/ (mgkg)  082£001° 083001 0412001 0641000 0452006 0332002
VE: CFRIR3T CIlas AR NFIR—20 CIlas AR FAT A
FRFREFEE (P<0.05)

3 8 #
AR WF 7038 i e I R BOR 5 A% e B SRR R
TABORUTORE ft 24T B8 A 20 A7 D2 B DB 0 88, BV A2
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PEf5E (51.19 U/mL) , fij b6 Ak 623-4 5 1l Big 7% 7 5 538
(3.75 U/mL) . B4k, $54 PR o 535 T ARURUR
o, N SERE S A pHAE . TVB-NAE AITBARSAH 3 B H 5
JERETT. SRR, HEABN4 HRESDEA —E R
JERe S, HAPBEARS 112X WEAMURR I pHAE (5.48) A
TBARS{H (0.83 mg/kg) FZMAH K, WHIE623-4%F1EMUR
JRTVB-N{H (25.10 mg/kg) 5mit k.
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