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7 Rk B KA, A B4 R ,300 me/kg #9 T AR ER AL 2P 40 3 T 4R B Ay ) &R A, A 30.71
mg/kg(FRZF), A% T RBABEAKRT 43.26% ., P vk, T 308 % —Fh 4k 45 R 25 4 ) 20 B 69 46 B 7
Aol FE KB W P B ARSF 6 5 R AT

LR FTALER AR A Y R r:bh‘v B 5 J2 % %k (PCR-DGGE)

FESES:TS207.7 XEHS:1673-1689(2020)06-0039-08  DOI:10.3969/j.issn. 1673-1689.2020.06.006

Effect of Ferulic Acid on Accumulation of Histamine and Histamine—
Producing Bacteria in Smoked Horsemeat Sausages

ZHAO Lili, XUE Linlin, LI Binbin, JIANG Aiting, LU Shiling’
(College of Food, Shihezi University, Shihezi 832003, China)

Abstract: Ferulic acid, a good natural plant extract, has many physiological functions and exhibits a
wide range of therapeutic effects against various diseases, including cancer, diabetes, cardiovascular
and neurodegenerative diseases. The study examined the effect of ferulic acid at different levels (0,
100, 300, 500 mg/kg) on histamine in smoked horse sausages using high performance liquid
chromatography. Parameters such as microbiological growth, pH and moisture content were also
evaluated. The results revealed that ferulic acid significantly reduced the numbers of Staphylococcus,
Enterobacteriaceae and Pseudomonas compared to the control (P<0.05), but the inhibitory effects on
Lactic acid bacteria were not significant (P>0.05). Moreover, ferulic acid suppressed the growth of

Wi B 2018-01-11
E&WA: HEARPAIEELTH (31360392),
*EEEE S ER(1976—), o, W R ARG AR R, A E R SO 5 4 F5Y . E—mail :lushiling 76@163.com

Sl £ S 2020 £ £ 3955 6



RESEARCH ARTICLE

ZHAO Lili,et al: Effect of Ferulic Acid on Accumulation of Histamine and

Histamine —Producing Bacteria in Smoked Horsemeat
Sausages

histamine-producing bacteria based on traditional microbiological methods and PCR-DGGE

analyses, and thus significantly reduced the accumulation of histamine (P<0.05). The content of

histamine increased first, reaching a maximum after day 14, and then decreased. The treatment with

300 mg/kg ferulic acid gave the lowest content of histamine (30.71 mg/kg), which was reduced by

43.26% compared with the control after day 28. In conclusion, ferulic acid was an excellent additive

which could inhibit histamine production remarkably and had a great application in food industry in

fermented sausages.

Keywords: ferulic acid, histamine, histamine-producing bacteria, PCR-DGGE
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TR R S T 00 O [T A G 5 BE AT I 50 R A . FLIR A
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PCR WA 25 pLAKFR .1 L B4k DNA, [iif
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XF HE 20 mg, A 0.1 mol/L (iR Z 2 45 % 10 mL %
s, B R B S B 2 A B AR ME TR
Bl mL WA RPREW, A 500 wL 0.1 mol/L
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5.14~5.26 Z [A] 3% 5 Lu % NUYEBF9E 3B 5 i %
AR pH H LI SR 2, M pH{E R 5 A4
(R TR M 4 1R A ) i e R I A 1 0% R B I e
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Table 1 Microbial counts (lg (CFU/g)) and physicochemical parameters during ripening of smoked horsemeat sausage

after adding different concentrations of ferulic acid

HACTE bR

e [ Bi/(1g(CFU/g) 1B 56 4 % /(12(CF U/g)) | 1 40 1/(1e(CF U/g)) KA RS 80%

0 4.85+0.04M 4.94+0.02* 2.01+0.024 3.20+0.02% 5.32+0.01% 75.26+0.12"

3 7.98+0.04* 6.79+0.04* 1.74+0.04*" 3.14+0.03* 4.63+0.02* 62.22+0.10*

1 7 8.29+0.024 8.91+0.03% 1.47+0.04* 2.97+0.02* 4.36+0.01* 50.33+0.07*
14 8.02+0.01" 8.29+0.05" 1.34+0.04 1.23+0.03M 5.08+0.01* 43.12+0.07M

28 7.61+0.03* 6.93+0.02* 1.19+0.05% 1.11+0.05* 5.26+0.02* 37.41+0.05"

0 4.83+0.03 4.89+0.02 1.99+0.03% 3.19+0.02% 5.30+0.01* 75.18+0.11"
7.96+0.03* 6.64+0.06™ 1.64+0.04" 3.02+0.03% 4.61+0.01% 62.16+0.13*

11 7 8.27+0.04* 8.43+0.06™ nd 2.78+0.04% 4.35+0.01* 50.24+0.06*
14 7.98+0.03* 8.09+0.03" nd 1.13+0.03™ 5.07+0.02Ab 43.18+0.04"

28 7.59+0.05% 6.71+0.05% nd 0.43+0.03% 5.25+0.024 37.35+0.08"

0 4.81+0.04M 4.93+0.02M 1.98+0.02* 3.19+0.03% 5.29+0.02* 75.26+0.12"

3 7.92+0.01* 6.52+0.07% nd 2.92+0.04% 4.54+0.01* 62.25+0.19*"

111 7 8.26+0.04* 8.05+0.05% nd 2.51+0.06% 4.30+0.01* 50.24+0.07*
14 7.99+0.02* 7.82+0.04% nd 1.05+0.03“ 5.04+0.01* 43.18+0.04"

28 7.56+0.06* 6.52+0.04% nd nd 5.20+0.024 37.35+0.09*

0 4.83+0.04M 4.93+0.02* 2.01+0.024 3.20+0.02%4 5.27+0.01* 75.03+0.14*
7.85+0.05" 6.41+0.03™ nd 2.84+0.02™ 4.49+0.01* 62.10+0.11*

v 7 8.19+0.02% 7.91+0.06™ nd 2.39+0.05™ 4.28+0.01* 50.02+0.06*
14 7.81+0.03" 7.74+0.03™ nd nd 4.97+0.02 43.11+0.09

28 7.43+0.04* 6.34+0.07™ nd nd 5.14+0.01* 37.29+0.06*

TE AT B8 O S S (e M 22 5 O 7 BRI A [ 2 P4 2% b B 2 W) 4 22 52 1R (P<0.05) , /N5 5 i 37 [] — 21 A 4% Ak 3 22 1) ) 22

S PE(P< 0.05 );nd, Tkl

Ji1] , 5 — s 25 2 7 1 T i v ek TR R AR
it FH BRT 25 2 i I = 400 1) B I i 2 ™ v ek v /A
HJER A ) A (P<0.05) , K W5 191 3 41U i B 2 iR
2 1) B T g v ful ok TR/ 25 BR R 0 AR T A G
TR BIFEAR T 3.17% .5.92% .8.51%, B4 NAE
BT 1 1 %o PG 288 T K AT AR KPR LB R I 5 R
B .50 mg/L Bf BRI f 02 5 Z10 40 10 25 90 Bk A A A=
Ko, I L i B 0 2 5 ik %) 384 Jon 00 o4 4 FH 3 347 34 1 Y
fur A5 5 7 BT B 19 R R 2 T A 25 B T 0 A 9 T PR T
A i B BT L R T A R TR | 4 0 2 3K TR R
FE R D 35T — 5 (10 R

223 mawmAABRERE B HE LA, TE
REEDIN (0 d), 20 v R B S B 1R T 19 55 i (g
(CFU/g)) 43 5148 3.20 F12.01 247, 5 Lu % AE
B i S A AL, A R R R D 45
21 A A B Y B R BRI B34 (P<0.05) . WS BT 2
g e 100 IV 20 Ji 4 B e Sl I8 T % B 4 v i

MR (P<0.05), BUAAES 28 KT, BB &1
300 mg/kg F1 500 mg/kg ZH 5 H i A b v 2 A A6
2 i dH A, 53 ST N BT BR IR I, 45 2 TE R TR A
109 o 8 T A A I B B AL T o L S5O K T 5 R
) B B %oF T D i v A 0 e I 5 v R S
TP BB I | A6 2 1 I 390 240 080 A D0 28] g 448 T RN
P BB AT Je 8 P ] 8 2 R A ) i BB ) i A T
B 2L T i Y 2R R LA I R RUR (P<
0.05) o T 7Kk I S5 3 3 0] 35 AR LT B st 8 v £
A B0 AN & B, BRI 500 mg/kg 22 Ab
A 0 B RO AT T R B4R T
19.44% , 33 156 W ] 25 1 %of iz 240 A 1) 400 T 4 ) L 22
FOR o 4 DA R S M R — 2R A R A PO
B2 U ) B A AR T 8 S B0 M a5 DL RN K
Bl 11 IR T A ) I G R — 6 R g R T
PLF= A RimdH e, SEae 45 R R W1 BT R BE A7 &
005 B 40 P A PR B 1 2R R AT 0 ) 40 B A
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g WA R R R
2.3 DGGE M4 #f

WE 1 DGGE MUK K PR |, 2B 1 iy & i A2
B WM E W 2 Lactobacillus  sakei,
Enterobacter cloacae, F Bacillus cereus ( 3¢ 2),
Maria Diaz Z"WEff ] PCR-DGGE J7 ¥k % 5 Wy i
7 UL T 1 B 58 T A5 B Lactobacillus sakei J2: 3 1
WO P 4 W B . Enterobacter cloacae 1 Bacillus
cereus TEAR 22 SCHR L AL W 9 4208 2 W 7 04 77 20 e 1l
A R TN, VA 0 ] R R 4 5 A S ) L
A PR 7 2 e A AR AR, B D g B ) 2
7 KEF, WINPT ER 500 me/ke 4 Db iz A 5
ARG N 3] 3 2 5 2 e AR ), S 28 RN TS
FIZR IR 300 mg/kg Fll 500 me/ke 4128 5 figg A i v 3
ARG I 3] 3 26 7 2 R AR ) XS AR ) I e 4
TRIEA 150 Y B0 B %o sk 4 7 A i A ) A AR
S Ey I RIAVE A .

CKO #R & AR 0 K AL i ; CK3 .CK7 .CK14 .CK28 43 %]

TR R 1410 mg/ke) FE5H 3.7 .14 KNGS 28 RIUHFE ;A3

A7 A14 A28 43 5132 7R 11 41 (100 mg/kg) 7628 3.7 .14 KA

28 RAYEE A ;B3 B7 . B14 . B28 43 il #7i T 41 (300 mg/kg) 1E

55 3.7.14 KRG 28 RWFE M ;C3.C7 .C14 ,C28 43 5 &R

IV 41 (500 mg/kg) 7255 3.7 .14 R HEE 28 KM HE &5 B 4%

W BIH 1.3 .4 RETR .

1 MBRNFEESHAATEP~HEERN PCR-

DGGE HEi&

Fig. 1 DGGE fingerprinting of PCR products of Xinjiang
smoked horsemeat sausage during ripening by
addition of ferulic acid at different concentrations

24 EDRPir e A SR AR S

241 #mamamn  PTER X H g A Wi R

(R B 2 A RS R LN 2 B . BEAE AR e 72

MFEAT , & i B H AR Y 2 B IS Zhang 52

e 8 A1 7 T 1) O I Lt R TP e B9 B A R
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Table 2 DNA sequencing results of histamine —producing

bacterias found in smoked horsemeat sausage

samples based on the cut bands from the DGGE
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Fig. 2 Changes of free histidine contents in Xinjiang
smoked horsemeat sausage during ripening
affected by addition of ferulic acid at different
concentrations
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Fig. 3 Changes of histamine contents in Xinjiang smoked
horsemeat sausage during ripening affected by

addition of ferulic acid at different concentrations
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