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Production of composite organic acidifier by fermentation of
molasses with yogurt microbial consortium

LI Yue', LIN Qing?, WANG Zihan®, LOU Kai?>, ZHU Changgqing ', HUO Xiangdong
1 College of Life Sciences, Xinjiang Normal University, Urumgqi 830054, Xinjiang, China
2 Xinjiang Laboratory of Special Environmental Microbiology, Institute of Microbiology, Xinjiang Academy of
Agricultural Sciences, Urumgqi 830091, Xinjiang, China
3 College of Life Science and Technology, Xinjiang University, Urumgqi 830052, Xinjiang, China
Abstract: [Background] Developing safe, effective, stable, palatable, and environmentally friendly
antibiotic-free feed additives is the top priority of China’s animal husbandry. As a feed additive,
acidifier stands out from the alternatives of antibiotics. [Objective] This study aims to produce low-cost
lactic acid-based composite organic acidifier by fermenting beet molasses with yogurt microbial
consortium. [Methods] Eleven microbial consortiums used for the fermentation of yogurt by farmers
and herdsmen in Xinjiang were taken as the starting bacteria and enriched with MRS medium. The
microbial consortiums with high acid production were selected for beet molasses fermentation. The
fermentation time, fermentation conditions, molasses concentration, nitrogen source, and neutralizer
were optimized. [Results] The optimized conditions of producing composite organic acidifier by
fermenting molasses with yogurt microbial consortium were non-sterilized medium, molasses
concentration of 100 g/L, and static fermentation at 37 °C for 48 h. Under the optimal conditions, the
microbial consortium B2 produced 34.52 g/L lactic acid and 83.42 g/L total acids. When Na,CO; was
added as the neutralizer, B2 produced 73.42 g/L lactic acid and 169.37 g/L total acids. The microbial
consortium B5 produced 61.12 g/L lactic acid and 112.50 g/L total acids. When Ca(OH), was added as
the neutralizer, B5 produced 74.37 g/L lactic acid and 137.26 g/L total acids. The fermentation broth of
microbial consortium B2 mainly inhibited Salmonella, Staphylococcus aureus, and Clostridium
perfringens, and that of microbial consortium B5 mainly inhibited Clostridium perfringens, Salmonella
enterica, S. aureus, Escherichia coli O517 and E. coli STEC. [Conclusion] The raw beet molasses
fermented with microbial consortiums enriched from Xinjiang farmhouse yogurt flora can produce lactic

acid-based composite liquid acidifiers at low costs.

Keywords: microbial consortium; fermentation; beet molasses; acidifier
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2020 4 12 A 31 HEEFIEEARAERKIUARD
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ok mESZE, BRARE D RetE R RHA
HGFRTEAR Z P07 b A BRI ILH, 2R
HEmyUAERREA RN, HEG RS . Tht

F LG MR . A LR LR A2 G R AL )
3 Fho HLRRALH — M fu$s HsPO,. HCl J
H,SO4; # WA MR FIOIER R . 2R . N
MR, TIRMFLIRS; &AM ZRHE IR
MAPRRER, RANA—A A TRIETIA
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ok /U A S e ) it e LA G e M i R B
Beae 1, sy A e tERe . MRS
B LA K A I AN (B R A % Je i,
Rk, FFk—FAML, & e, §F8ER
A LA AR b2

FH SRR S H A i R =, o
I . EF | TCHLEL AR AN BT & 4R 53K
TR A WY, B B 2k
TSRS R o W AT A AR K B R R
BB BRIEY, I H A AR A ER 24
DAWEEEAE A MR & WA . 4 SO ol 80 g/L
i, HHERRTIA 9.02 g/LM, K b8 & B2
TERAESME TR N 15.43 /LM, KM K
Mg L-ALRR , FEfad 4500 T HzLm - ]
ik 61.88 /L, FIRAHEFLFF SCT-10-10-60
K e LA, Pl ik E] 106 /LMY,
DKLt , DA SRE AR SRt s T B R R A R
FEFI AT F5 HLAE Y 27 A

H AT S IR A0 7 3 ok A A AR 17
Sy S TN 2 e kL i 4 A A 5
figf7ia i s ik, W ZEAE A KR, R
FRIZRA RS KR BR8] & ZFh
BUER . 1% pH EIERIL ), 7] B 48 S s H
WM H R B &, FRAUR A R S RO, K
F7AGE R I AE 0 AT D I 02 ) A 5 A s
fi MFLER R AL 717, o Ho— 5 Lo i AT
FUOKT, REMCEATE AR KRR RIS DI BE .
O MED & BEd R AR A= T2 E 4 H
BUA T, ARAE LA . IR BA St — 28k il
28 TR AL 2 BB BEAF 5 1 A4 [ 8

AHIF G I FH FL IR T T A A e T iR A 2 o
BB ASER AT, LU ROR] B 2 b i Bl 25 9
i, FARmAL. RRAE LRI AR
SRR 7= b F AR TR T L

WL

1.1 M
1.1.1 E#RIRE

WA 11 BRI AR BRI 58 K %
73k
1.1.2 EFEMEERT. X

MRS §i#i5(g/L): K.HPO, 2.0, ¥k =4k
20, KK ZBRH 50, MnSO,s7H,O 0.3,
MgSO,-7H,0 0.6, %k 20.0, Mk 10.0, KA
B 10.0, BERREE 5.0, 1HE-80 1 mL, LB 57k
(gL): HEMFR10.0, ZFREHK 3.0, FfEH5.0. &
TEE 3 (g/L): RISREMEEE 100.0, FORIETH 18.5,

R, PRI A PR AR BoRH
T8, WM R E YR ABR A A o G SebiE 3
BN (g/L): ML 50.0, HLIENG 7.5, AR
H#) 596.0, K4 82.5, HEMES R 368.0. Lok
THr EZ R (g/ke): MEFR 447.0, BA
109.0, &M% 33.0.

pH I, M FRE ) -4E R 2 [H bR 32 5 A BR A vl (|
F); ZIREREARY, ER I FAERA R A H (E
M) E ORI, L RRHEA R A .
1.2 75k
1.2.1 S~AREENEEIE

BC1 mL FRUIFE 5L AP T 50 mL MRS 1553
55, 37 °C WrERGFE, Wi 24 h D 2% (1K
BN BO MRS HF T35 50 mL MRS K773
) 100 mL HEIIR B, 2% 12 1k, 53
RIEPERERUE ITARE, XS ACTRREUES TOR
1.2.2  EFRME

FLERM 2% Borshchevskaya Z5:U)fifi Fi (1
ooy BRI e SR F RS i e vk
BN 5 5K Solarbio 2w FHEME S ARG IR 7] 6
1.3 BRUFIABEFREHERRNE
1.3.1 1575 R & B E PB4 T B9 20

L PR e R e SR L TR AL S L 45 2% (T
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FUMEL, T REDIIER RIEF 2R 50 mL K J#
BRFRIENY 100 mL HEIE R M EE A 100 g/L,
KRS SRR A 37 °C, K mEkE a4 4 Fh.
(1) K@, #E; (2) K, 150 /min §55%; (3)
KK, FE; (4) A£KHE, 150 r/min 77, 5
F% 48 h MEFLIR . RARR K EvE & i, AR-Ab
W3INELE,
132 BEREMNEFLZETERNZN

TUE YRR R IR R TR AL S, e 2%4%
FhRIEAH 50 mL AEEREFRELAY 100 mL HEIEH
W BEEEHREE 43910 100, 200, 300, 400, 500 g/L,
37 °C #rEH IR 48 h IR EFL R 5 R & i, DA
RILEE I AN IR, A R A i,
ARG 3 AN ER
1.3.3  AEERTE X BB ER AU S0

% 2%¥% B2, BS WHFEMZHA 100 g/L
WHE I R B SRR 100 mL #EEH, 37 °C
ERERFR, AME 12, 24, 36, 48, 60,
72 h B FLIR KRR R, AP
3ANER,
1.3.4 RIREXE R BRI S0

VEFE 10 P MLAITEHLEIR,, 2l 2l b2
¥y ARE . EA R TR, M. &
fbes . HIRET . MifR%EL . CTREMIRE . MR
IRIILL 5 o/L BYAUREE ShEE B RIR &, WRh
Fie B8 2% e Fh L 3R T 25 P R R G TR
37 °C #iE 557 48 h 5 @ LR X SR &, 4
AP 3 AT
1.3.5  AS[E) 5 Fn 3 3o o % & B2 7 B 60 52

3 3 TS0 PR S Y pH A TN E

£R1 BLESEMN pH 4.0 AZ pH 7.0 FREFMFIE

FEF A A K B pH HEATURT, % pH (E
P2 7.0 FrHBSHARIMEMER 1 s, 7
PHEE W 100 g/L B A& BERE S b DL 2% 425
O3 R B2 A1 BS A, 55 IR A K, 37 °C
HeE SR, TERESR 24 h i A IR
DAAS 0 AT i o 1 500 A & T R R X BRA L B 5
72 hJE e PR KRR, AR BRI 3 A
HE .
1.3.6 ABEGHINE IR

FIAXKEFH 0157, KIHFFE STEC. 4
PO BT VDT IR A I 5 FhE
W T A T BRI o B 1 mL — 8 W 455X
5 T B, B H S 45 °C 2471 LB Bi R LR AT,
BT UEN— R R, FER R ARG,
FHK G AT LA AE s IR 4k BT 474l AL E
24 0.6 cm., 23 L 50 uL B2 il BS FRE R B
WS 2 BB TR L, B T 37°C 1Yy
TE IR G IR 3G FE 24 h, WESHN B AR I F I 4
RN, BAFEMIS 3 ANER
1.3.7 XBEENBRSENE

2 R R TR ILTE AL 1Y B2 i BS wAE, LU
2% A LR 24T 50 mL R K OB Tk
JEH 100 g/ KEekEFEY, 37 °C #EEEFR
72 h, RIEASBNBSTRIGT, ALt 72 h &1,
T 6 h X H K R TR E K pH,
RGBSR TR . O TNIR . FLERFN
FrEEEIR 1) & e DU E

WAR IS ik (354 Agilent TC-C18(2)
O, #HAg . 250 mmx4.6 mm, 5 pm; JisHAE
0.05 mol/L (pH 2.7)BfR — S8 7/ H g 97/3

Table 1 Neutralizing dose required to adjust fermentation solution pH 4.0 to pH 7.0

Neutralizing agents Neutralizer concentration Amount added (per 50 mL bacterial solution)
NaOH 2 mol/L 3mL
Na,CO; 2 mol/L 3 mL
Ca(OH), 295% 03¢g
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(B Wi 0.6 mL/min; #FRHAT: 20 pL;
e 25 °C; FEE . 214 nm. FESARE
0.22 um ZKAHERRILIE , FERE R R AR g AL o o

FE, e H R R KR iRy, R R g
WO A ERE AT EMERES . S5 R 1 BT
7N, TE MRS R FR3ALAT R B2 7= iR i i

1.3.8 HiEALIE
KM Excel HEAT 8l myab B #r, A
Origin Pro 8.5 {EKI,

2 BER504

21 SFARNERESRFELER
Xt 11 ASTRWIRE bl s AT B g AL Qs

e T AL 10 ANEHE, JFEIA RS 4 AU
M= FEMETESRS, A B2 Ml BS
HAMEYERE, ir LA B2 #1 BS YE1 13— 5% .
22 EFFRNER LSRRI

DU b 85 97 07 2O T R R A5 R AP 2
s, B2 BREAE K AR B0 T SR AL R 147 i B
BRTAKREEIE; HiIREKESEX BS W

=Bl B2 B3 wB4 4B5 «B6t »B7 B8 «B9 «Bl0-eBII

A 100 - B o0~
~ 0f = ol
@ S0 EXNE
£ T0F g T0f
5 60 2 60F
gso_- E sof
= 40 2 a0l
Q + < -
S 30 s 30F
5 20 = 20
) r L
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F1 F2 F3 F4 F5 F6 F7 F8 FO F10F11F12
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Figure 1 Changes of acid production of microflora during passage. A: Lactic acid production; B: Total acid
production.
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Figure 2 Effects of different culture methods on acid production of microflora. 1: Sterilization, 150 r/min
shaking; 2: Sterilization, static culture; 3: No sterilization, 150 r/min shaking; 4: No sterilization, static culture.

1. KB, 150 t/min ¥53%; 2. K@, &%, 3. &XKBE, 150 r/min
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Figure 3  Effect of molasses concentration on acid production of microflora.

BRI AN s EFRE AT, BS W
SR FLRR A e AR B S TR R R . TR,
Ji 252 S Hh R 9 K T b 3R 3ok R L 8 AR HL
B IR A KA
23 AREEREXEE LB~

Wil R S PR R VR B ARG, R R R
SR K FLURR RN R, A5 RNE 3 PR, Y
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Z R PR BT . XTEESE 48 h SRR P T
FIARDATINGE, S5RANE 4 PR, B
WEN 100 g/L B, BS ResEaFI LR, 1
B2 MR EINRE, AREESFI; PHEWk
JERTF 100 g/L BF, B2 Al BS BfESIARESE A
KR, SR RFI R, 2R
B4R 100 /L BEES I TR B 1A
2.4 EFFATEEE FFERR R0

DL 2% R B2, BS THEEE RN B
WEEN 100 o/L YRR IR I, 37 °C i s
I, BEFRIF RIS B = R s an & 5 s . 78
Br Rt R Bl S 1 0 1 0 s SR rp e R
Wi n, fE 48 h B LR B AR R ik F

THeEE, Zare R ik, B 2 R
() B P RIS ]y 48 h, BS5 BHREMFLER M sk
FEERIRZE T B2 R
2.5 A RIRIESEE A4 BB S0
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Figure 4 Residual sucrose in fermentation solution
after 48 h of culture.
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Figure 5 Effect of culture time on acid production of microflora.
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Figure 6 Effect of nitrogen source on acid production of microflora.
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Figure 7 Effects of different neutralizer on acid production of microflora.
*2 BEFABMRIIEERERNNESR
Table 2 Measurement results of bacteriostatic circle diameter of fermentation broth
BURH RN e ER
Pathogen species Diameter of bacteriostatic zone (cm)
B2 KEIFIK B2 2 B & e BS5 KEIGIK B5 2 B R

B2 original
fermentation solution

B2 2xdiluted
fermentation solution

BS5 original
fermentation solution

B5 2xdiluted
fermentation solution

Clostridium perfringens 2.0 1.8 1.6 1.6
Salmonella enterica 1.8 0.0 1.5 1.2
Staphylococcus aureus 1.2 0.0 1.5 1.2
Escherichia coli STEC 0.0 0.0 1.2 0.7
Escherichia coli O157 0.0 0.0 0.8 0.0

B2 TR HE A & T SO0 VD 1T R 4 9 (0 B A Bk
A A MEIE; BS BN & 5 i R
IR . & aEARE . KIBIFE 0157 Fk
WAkF R STEC A MHIfER, {H BS BEREH & B
SRR AR RS 2 A5G XV T TR . 4 v R A BRI
KIGFFE O157 Ryl VE A o ss, JF HIL 2
FEFR BT KIAATF T STEC B I 5% .
2.8 HEABBANERSEK pH MELER
e R R . 28R . NER . FLER A
FREEIR & i, 45N 8 frn . B2 HAE(E 8A)

W R B T , H LA PR I R LR FIFLIR
FLIR & wE7E & T8 30 h ik Bl i s s Bl & ke
ik, CPRTE 72 h kB . BS WHF(Kl 8B)TE
RV QRS B, T8 18 h I A 3 i ;
B BT RRAR, ELE) 42 h IR o A RAR, IR
FEAEIR O i il Bl de iy, T LR 7 it B A () 38 i
N i

B2 F1 BS T HE & BER) pH {[E57E 48 h B i5 ]
AR, BEfE/NEEE ETHE 9), ATRER R AW
S,
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Figure 8 Organic acid content at different fermentation time. A: B;; B: Bs.
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Figure 9 Change of pH of fermentation liquid at
different fermentation time.
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J&, SR LIBERR RS | FLAT RS R BRI R
HE, HEEREER SR RN R AL SE v
FRFEA TR WS FLIR T 10 ZREERF IS R BB, 11 4
FEA A 6 RS AL I T R o 78 FC AR i A

FUFFTRE, LA o Ry L 2UAF IR B B i
WETAEE R AT 5 T B BR W R AR AR A T R I IR LA
S BRHA HUER B4 R AN ] (R A R 35 & 2
TRk, ABRER 11 Frg . JLsEARE
REREERY P RBFH TE S, 450 kI B2
PR RO .

AV TR R I S5 A e alifh & A L, 72
YA SRS N | AR R A e R A
ZARH, XTI 32 1 5 5k FLRE AL E 45 B BRI 1)
PARIVERT . Li PRI RT3 9075 e i) £ 1
HEET MM EZR IR AR, 55
AR EL, QY1 TR HERE B = AU R i 4 2 308 05 %
JE-EETR G 1A 1 DR R I T A KL )
I, DL 350 g/L oK KER R s, I
CEE-DL15 KR =2, FLIR ™ & M= R 5%
LS E) MRS B3R, AR BT ik
B 11234 g/L, SLAEENEN IR LA, 5
RERARRARZ) 50%) . e 3. [ B K=
X, 47705 50 0t A4, R R E 50%L
R OBEER A R S A HLE IR R T2 R B
R TR | R R AL A S SRR T
Y FH IR IR , 5 A8 B R BEAE D) JEORH L RE
FRBAE T2, B B 1) Bk 3T
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WAE R R, AN KA T AR R e, b K
P REFE S S A, AT R IR FE PRI LR LA S R
AT A 7 AR

WL A LR E AR R . LR N
M. TR . L2 . SRR . SV RR AT RS,
R T e R — R A B AN R S, H R
2 Pk Z R LR T IO B A A PLIR AL
N, AN HLER Z 6] BT 77 A B AR AL, P T
PR R IL I N RO ak E R 2 A
Tl — 20 e W R B IR S il s R AR, AR = T2
T AMIMEERE . 2 WM AR E C R S R, K
FEmtiE ol 6 AU, BRI H T A A R, i
S5 A S LA T A B 2 ) ey R Ak ) v, 2
B LA A ERR, LR RIS EA
B— ABFRXTERAR KR YT 12 AR
“ﬁ“% 158 T RELAMBR YRR, UL B2 WHE

PR A4k, 78 100 g/L BEZE AT 18.5 g/L

: ﬂé*ﬁﬂ% (1) A 77 3k vp A ) i B K TR 48 h,

HEER = EReiAE] 169.37 g/L, HH 3R & Eik
F] 73.42 g/L, HAAWREIEYR. 2. N
MR AT IRIR S, SCBL T 141 B | ARSUAS T A 1 A 18
A= Z R HLER W B2 A R AL o
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