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Optimization of fermentation condition for controlling the production of
biogenic amines of Enterococcus faecium

SU Li-Ya, CEN Jing, WANG Jie, CAI Zi-Jian, CHEN Juan”

(College of Pharmacy and Food, Southwest Minzu University, Chengdu 610225, China)

ABSTRACT: Objective To optimize the fermentation condition of Enterococcus faecium with the capability of
high-yield biogenic amine production by response surface design. Methods Based on the previous single factor
experiment results, response surface methodology was used to investigate the interaction among 3 factors with
different levels, namely culture temperature (10, 15, 20 °C), initial pH (5.0, 5.5, 6.0), and sodium chloride addition
(4.5%, 5.5%, 6.5%), on the production of biogenic amines by Enterococcus faecium. The fermentation condition for
controlling the production of tyramine and phenethylamine by Enterococcus faecium were optimized. Results The
results showed that the regression equations for the production of tyramine and phenethylamine at 48 h were obtained
with R=0.9866, adjusted R>=0.9693 for tyramine and R?=0.9875, adjusted R>=0.9714 for phenethylamine, the order

of affecting the production of casein and phenethylamine was culture temperature>NaCl addition>initial pH.. The
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optimal fermentation condition to control the tyramine production of Enterococcus faecium was initial pH of 6.0,

incubation temperature of 10.9 °C, and NaCl addition level of 4.5%. The optimal fermentation condition to control

the phenylethylamine production was initial pH of 5.34, incubation temperature of 13.8 °C, NaCl addition level of

5.8%. Conclusion The results provide references for the effective control of the biogenic amine production of

Enterococcus faecium growing in fermented food such as fermented meat products.

KEY WORDS: Enterococcus faecium; tyramine; phenethylamine; fermentation condition; response surface

optimization design
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LADERO %:[013% | 5 4 Wi 4% = )2 ¥ (polymerase chain

reaction, PCR)F AR T AR IR A PR IHBR T . 5Bk TA
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K% 24 h, KigRrp S BRI s Bk 0.05 g/L. RNEIR
1 g/L. B§ERR 1 g/Lo W IEREE T INE 1 R, 454
5K B PR AR A AT A N R A R, R
REFERE KA 10, 15, 20 °C, ¥4k pH KR 5.0, 5.5,
6.0, NaCl SRR 4.5% ., 5.5% . 6.5%, K0 17 1 i 36
Witk 3 B 3 KF, DARSRRIA 21 B A A A .
TE 17T HEM NS, F 0. 24, 48 h 3 SHHE S HOGRE,
SE AR RN 1 7, BRI PR BR A T A 3 K
1.3.3 Aok =gan e

(DR HTAL

FRIRE S AOAT AR ARUCHE 1 mL (R ABRFR SAN A
100 uL A A4 (1 mol/L). 1 mL FHi#HES(10 mg/L)

TAR A B IREE R, IBEIR2) 1 min 5 & T 60 °ClH
K TP ATAE 15 min, B, H 100 pL A 2R AV 8O A
Hor, JRIFIRAT, 60 °CIEIR N 15 min B, BEIE IR,
FHABLE T IA 1 mL K, IBEERA 1 min, 40 °C/K%
TRMBREFEN(Z 1 mL), MIA 0.5 ¢ NaCl iR iEdR% E 5
TENSERTEMIG A 5 mL ZEBEZER, WRHEIRYS 2 min, #
HOZER, BB EEANMCEZ)T 15 mL S0,
TREOKAMDERER—K, FHPIRCBAERUR, 40 °CKIHE
TRAEKT . A 1 mL ZIE R BedR 56 5% B8 Y 5¢ 2 1F iR,
0.22 pm JEMEAET K U AR 1L U8 T UERE NI, FRIE

F1 WMMHEFERER T

Table 1 Design of response surface experiment

RN ass k
AWtE pH  BIEFRIEE/SC CNaCl IR/ %
1 5.0 10 5.5
2 5.0 20 5.5
3 6.0 10 5.5
4 6.0 20 5.5
5 5.5 15 5.5
6 5.5 10 4.5
7 5.5 20 4.5
8 5.5 10 6.5
9 5.5 20 6.5
10 5.5 15 5.5
11 5.5 15 5.5
12 5.5 15 5.5
13 55 15 55
14 5.0 15 4.5
15 6.0 15 4.5
16 5.0 15 6.5
17 6.0 15 6.5

FRUERE SR PR AE: 43 BIRSE 1 mL AR YRR R 5%
W(1.0. 2.5, 5.0, 10.0, 15.0, 25.0. 50.0. 100.0 mg/L [
YRR UE R SRR, BT 10 mL B IERE T, RKImA
250 pL AR FIB(100 mg/L), AR 4840 R 725 0 RE bt i A
IR

()4 W e s e ot Y5 VT,

WERRFR e . B-HE 2 Wk 2 FhAWIMEhT i 10 mg, 76
PERRNAET 0.1 mol/L FhRIE WCKEbR bl i 5 55 78 B
AL % 10 mL, KHIES), FCHl i BEe )y 1000 mg/L
{1 2 il A 00 e BB A 25T

o PR AR WL 2 Fh B2 S3 AR HERT A5 VA4S 1.0 mL,
0.1 molVL #MEWERZE 10 mL, KHIRS, HI1%
100 mg/L A= ) e b HETR A5 1 R
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fé R WiAR 23 BB 0. 0.10, 0.25. 0.50, 1.00,
1.50, 2.50, 5.00, 10.00 mL Fi&fl75# 100 mg/L K4
YIMEARAE TR A6 FH, SRJ5 I 0.1 mol/L Eh BR V4 Wi i R 2
HREAEM 10 mL ZIEL, R, TSR E R
0.0, 1.0, 2.5, 5.0, 10.0, 15.0, 25.0. 50.0, 100.0 mg/L
FR b7 M 2R 5 VS TR o

IERRFRER 1,7- S F e ARARME Y 100 mg, i
0.1 mol/L hFRVACH L, 455 10 mL, 1R5], FEilil
BT R BE S 10 mg/mL 1 P BR 7 A 2 1A R

RS BAC AR 1.0 mL WARARHERG AT 10 mL
s, A 0.1 molL HRRERFZZIE, HHIT TR,
HilA% 1.0 mg/mL PIbRH RIS A I

WL 2.5 mL NAsFRifEH RS, 0.1 mol/L £z
ke 28] 10 mL, R4, ik 25 mg/L AR R

Q)i

TRERE N Ci (250 mm=4.6 mm, 5 pm), LE4ME
1 254 nm, PEHEHEE 20 uL, HEE 35 °C, WA A S8 90%Z
f+10% 0.01 mol/L ZFREVETR (Y 0.1% L), Tzt B N
10%Z.J15+90% 0.01 mol/L ZIREIEI (7 0.1% 2 TR), WiH
0.8 mL/min, #EEPEIFEF WLE 2,

(4)2E W e e i 6 1 225 11

20 L RINRAIRE TAER AT A5 B A8
WAREIEL, WS B AR, LLRINEA R T
VR Jo0 0 VR AR AR AR (X, mg/L), A EARL A 9 e T

PSS AR AR 1 LU A AR BR(Y), 22 hiIbRiEZE o
R2 RENEBERRIER

Table 2 Elution program of mobile phases
VEMELIS 1E] /min WA A% T B/%

0 60 40
22.00 85 15
25.00 100 0
32.00 100 0
32.01 60 40
37.00 60 40
1.4 RS

iz FH Excel 2010 ZRAAEXF RIS S EA T 41T, Bdas R
PLE- B Ebr i i 25 2R, SRR Origin 2019 231l 4%
JEIE, R IBM SPSS Statistics 26 K/ #EAT b E 43T,
KA Design Export 13.0.7 FAA42E47 A= 4 I i o7 181 4347 o

2 FER55H

2.1 REEEHMEEIRNIELSER
2.1.1 BB R TN F 2NN

RyE s NI A R, WEG pH (4). HBREE
(B). NaCl Wi (CENFEEEE, R Design Expert
13.0.7 Wit T 3 &K 3 /KT, W5 XTI S 28 2 1
PR AR R R R 3,

®3 REFREWEHEERBRITRER

Table 3 Test design and results of Enterococcus faecalis through response surface method

K% 24 h 48 h
P oass - -
AV pH B REFRIRFEE/SC  C NaCl IIE/% B F“ =/ (mg/L) K 2= 8 /(mg/L) W&y~ /(mg/L) 7K.k &/(mg/L)
1 5.0 10 5.5 203.1221 11.6424 314.0212 11.0682
2 5.0 20 5.5 272.6585 10.9515 407.3583 14.2629
3 6.0 10 5.5 176.9636 11.0069 259.8470 12.0462
4 6.0 20 5.5 255.7729 10.2066 468.8841 15.5029
5 5.5 15 5.5 148.3387 8.7631 308.0252 9.3246
6 55 10 4.5 191.3149 9.3760 268.4762 12.3454
7 5.5 20 4.5 275.2225 10.9478 537.1636 17.3127
8 5.5 10 6.5 169.7434 10.2599 287.3320 11.3796
9 5.5 20 6.5 251.5836 10.6003 372.9779 13.0965
10 5.5 15 5.5 143.9798 8.7912 279.6460 9.2564
11 55 15 55 187.7581 9.5685 305.6625 8.5655
12 5.5 15 5.5 167.6772 8.6161 279.5787 8.6316
13 5.5 15 5.5 172.4688 8.2286 287.6031 9.2039
14 5.0 15 4.5 174.3230 10.1641 284.2143 12.5996
15 6.0 15 4.5 163.6069 9.8748 271.5877 12.5477
16 5.0 15 6.5 153.4980 10.7771 226.2893 9.9556
17 6.0 15 6.5 149.5395 11.7356 238.9066 12.3475




46

SRR, S5 ] DR BR G AR M 7™ 14 e e 2 P AR5

2,12 BRFAEGEIR D EFWSH
(1)BR 7 BR TR 1 g 7= e A 8y R O Sl S R S P o0
i#id Design-Expert 13.0.7 X136 3 4553547 M5 4347,

6 RIAIKE 48 h XM ELGRESESH
Table 6 Variance analysis of a fitted model for the production of
phenylethylamine from Enterococcus faecalis at 48 h through
response surface method

24 h R R TR IR 3 (P<0.05), JoIREE AL [y FERE  THEM AmE WHOF P
e S B R4 A FY=Ny4 » e ™ -
P>0.05 iwcxdl) BKIE 48 h [ (Tysy )y~ R A1
( ), RS2 PR A BR A T B (Ty51) 7= s 14 1B U5 y 2.60 ) 260 148700 00062 **
N
B 22.23 1 2223 1273200 <0.0001 **
T151=292.10+0.9178%x4+82.09xB-29.49x C+28.92xA B+
6.31x4C—45.76xBC-20.41x4*+90.83x B*~16.45xC* C 8.05 1 8.05 46.1200  0.0003 **
Xﬁ:&t@ﬂdﬁﬁﬂiﬁﬁ%%ﬁ, BEVE TR 4 F1 AB 0.0172 1 0.02 0.0983  0.7630
A5 s AC 2.64 1 264 15.1300  0.0060 **
T4 RIAIKE 48 h B 2N AL ESEREFESHT BC 1.49 1 149 85500  0.0222  *
Table 4 Variance analysis of a fitted model for the production of 42 36.57 1 36.57 2094800 <0.0001 **
tyramine from Enterococcus faecalis at 48 h through response
surface method B? 6.86 1 6.86  39.2900 0.0004 **
KR FEM BRE 7 F P c? 10.64 1 10.64  60.9500  0.0001 **
B 1.092E+05 9 1213218 57.0600 <0.0001 B B 122 7 0.17
4 674 1 674 00317 0.8637 FPUME 0.6851 3 023 1.7000 03037 N
B 53908.11 1 53908.11 253.5600 <0.0001 ** —
afifds 0.5371 4 0.13
C 695823 1 695823  32.7300 0.0007 **
]
AB 3346.62 1 3346.62 157400 0.0054  ** B2 9758 16
AC 8376.04 1 8376.04  39.4000 0.0004 **
BC 15931 1 159.31 0.7493 04154 £7 FREFEERNEEESITE
7 3473817 ) 3473817 1633900 <0.0001  ** Table 7 Fit statistics of the production of phenylethylamine
- N
B 175341 1 175341 82500 00239 * PRI 04178 R 0.9875
c 113895 1 113895 53600 0.0538 BRI 11.73 KIE R? 0.9714
B2z 148824 7 212.61 AR5 R B % 3.56 R 0.8791
AU 71858 3 239.53 12400 04042 NEF (218 1, 25.0252
alifiiaz 769.66 4 192.42
B2 1.107E+05 16

R ZE T B (P<0.05); LR T B E(P<0.01), % 6 [,

®5 BE-EREMNERESIHE

Table 5 Fit statistics of the production of tyramine

P2 14.58 R 0.9866
2 317.50 KIE R 0.9693

5 5 F % 4.59 T R 0.8853
{51 b 27.3000

()R BRTRIHE 2. i 7= AR Jy R B 7 S S 3 k4 Ar

i# 3 Design-Expert 13.0.7 X3¢ 3 &5 5347 15 4347,
24 h K YT AT i (P<0.05), ok
S7 RV RS A W A TG o 48 h 2R L R AT
KA B (P>0.05), 13FIRHERE 48 h ZE LI(Ps )™
B RN

P151=9+0.5698%4+1.67xBC+0.0655x AB+0.6109%4C—
0.8126xBC+1.28xA4%+2.95xB*+1.59x

X R EH AT 22500, WM AN 6 Fn
# 7R

MWF4~T T LIEH, RIAHERFHTFE 48 h GBI 2,
Jie P BT ER SR P<0.0001, PRI [N & LR B2,
KA P>0.05, TICHAERE, BRI [R5 F e I
BRI B AR B i S B R NC R, AR Bk
FEEE R E T, AR PRIAE, S K E N R
LSRR EE>NaCl TN s>) 46 pH, AB. AC WIZE H 52 i
F(P<0.01), BC MiN &AL H AR F(P>0.05), WK 4>, B’
SXoF W) 57 L 4 il T 255 R 430 5 (P<0.05), C2 %o Wi 13 1L A
T AR A B 25 (P>0.05) . TE 2 R R I ER B 7= 2R L e B IR
wh, 52 AR B /N 43 iR B 55 T BE>NaCl s in it >4 1R
pH, AC. BC WA H 3 i3 (P<0.05), AB Wi R Z A2 H A
B (P>0.05), NE 4>, B>, C* X L {E A i ifd 220 4
O (P<0.01) . A5 R oK B R°=0.9866, 1K IE
R*=0.9693, KR 2 I R’=0.9875, K 1E R*=0.9714,
VLHAH 96.93%F1 97.14% x50 B 4% 1T 48 1 mT FH A A8 >
fE R, F WA A 5 BRI A B R AT .
2.13 WA E X AR 8 vh 5@ o

i# 1) Design-Expert 13.0.7 #4038, 155 48 h BRIk
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Contour plot and 3D plot of response surface optimization of tyramine production
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Fig.2 Contour plots and 3D plots of response surface optimization of phenylethylamine production
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