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Effects of Lactic Acid Bacteria Fermentation on Hypoglycemic and
Antioxidant Activities of Goat Yoghurt in Vitro
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(1.School of Food and Biological Engineering, Jiangsu University, Zhenjiang 212013, China;
2 Institute of Agricultural Product Processing, Jiangsu Academy of Agricultural Sciences, Nanjing 210014, China)

Abstract: Objective: The effects of lactic acid bacteria on the hypoglycemic and antioxidant activities of fermented goat
milk were studied. Methods: Three lactic acid bacteria with hypoglycemic and antioxidant functions preserved in the
laboratory and commercial yoghurt starters Lactobacillus bulgaricus (LB) and Streptococcus thermophiles (ST) were used
as strain starters. The goat milk was fermented by single strain fermentation and mixed fermentation with commercial
starters. The antioxidant and hypoglycemic functions of goat yoghurt fermented by different lactic acid bacteria were
analyzed in vitro. Results: The results showed that in vitro antioxidant and hypoglycemic activities of goat milk fermented
by single and mixed fermentation were improved. The goat yoghurt fermented by Pediococcus acidilactici GC215 had the
highest DPPH clearance rate and reducing activity, which were 87.35% and 359.17 pmmoL/L L-cysteine reduction
equivalent respectively. And its PTIO free radical clearance rate was 11.25%. Compared with unfermented goat milk, the
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inhibition rate of a-glucosidase activity of goat milk fermented by Liguorilactobacillus mali L31 increased by 44.08%. The

goat yoghurt fermented by Lactobacillus brevis PC-2 mixed with LB and ST had the highest inhibition on a-amylase

activity, which the activity inhibition rate was 82.30%. Conclusion: Functional lactic acid bacteria fermentation of goat milk

could improve the antioxidant and hypoglycemic activities of goat yogurt in vitro. The research results would provide

reliable strain resources for functional fermentation of goat milk and a new direction for the development of functional

products of goat milk at the same time.

Key words: Pediococcus acidilactici GC215; Liquorilactobacillus mali 131; Lactobacillus brevis PC-2; goat yogurt;

antioxidant activity; hypoglycemic activity; in vitro
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1.1 MRI5{ER

Wy R I F0I A R Rl A bl

W T p S o AR T SRR LA I (Lacro-

bacillus bulgaricus, LB) . Wle#EEER T (Streptococcus
thermophilus, ST) WA TIOR3 A BT (T ) ey A R
Nl BV ERR Lactobacillus rhamnosus ATCC53103
COPRERERR) TSGR AR D0 ATCC, BESE
HATPURA . BEIUPE | 3205 92 1 55 Z R DI ReAE
Pediococcus acidilactici GC215 . Lactobacillus brevis
PC-2. Liquorilactobacillus mali .31 ¥PF-TVLI5
B A BEBEA = SN T AR5 T & b 2R ) TARREST
=, HATH o- #2008 5 BEIE PERN o- TE A5 BEEIE TR
HE I, [FIRFW B AT ER DPPH H i 2EA1 PTIO H th
FLAYRETT; 1,1- 8 2- =32 (DPPH)  dbset
o BT A R R A RS F ; 2-2806-4,4,5,5- P4 FHRRR
msapk-3 -4 A0-1-40(PTIO)  dEB AR iR HME LA KR
ONEL o- A EE(10 units/mg ) TN E B E W
2E G B F 5 o-BE R G (50 U/mg)  PUAR IS B
T B A () B2 5 A BR A A5 XA FE AR - o-D- I AR
WAIPETT (PNPG)  Jbat et AR A R 7] .

3KI15 BB R .ol S5 1E Sigma 23 F
LRH-150 BUIAEALER T4 BiE—TERFH S A TR
H]; Epoch BARIY ¥ RE U2k =IT #e A BRAS Fl
DSX-18L-1 A F:Um 28 UK Eay  LifFii 2R
JTHLAR) s SW-CJ-1C BRI BATHAL TAES D50
LIRS A R F]; HH-4 BB EIE KGR EE
HL AT R A); WH-3 BRI G54 FIBEREBRY T
w A PR A
12 SSWHEE
1.2.1 REEGRMERS  REFLRRE LD 3% $efiit
FE] MRS Wz, 78 37 °C &0 FREE 3% 18 h, 4ks:
BEFRMIJE T 4 °C, 6000 r/min 2514 F £5.0> 10 min,
FERWARIE FE AL, FH 0.85% Jo TR A= B EL /K 35 vE H A
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PRUR, F-FH JC B A B R 7K TR Rk, W HL PR 2 R R A
1x10° CFU/mL FVERBEFFWII R . SR
KRN AR LA A LA B RN g A E BR TR [R]
P4 B, SRS N 25 A BT 0 R T TR AN Bl & e )
BEFLASTR] G i 38 22 5%, [RIR =% 2k A= B in B IR
BRI A e TR AR, 55 R, TR
HERh R R R 1 1R G

£ 1 REGRERHARERIIEA L]
Mixing ratio of starter in mixed fermentation group
BIkk HeAh L A1
ATCC53103:LB:ST 1:1:1.5
GC215:LB:ST 1:1:1.5
PC-2:LB:ST 1:1:1.5
L31:LB:ST 1:1:1.5

LB:ST 1:1.5

Table 1

FeRIE (%)

A I B Y |

1.2.2 FBWINETRE T2 SR IR
i, BARANR : B 2R 1K P L
TE MU R 14%(w/v), IIA 6.5%(w/v) I b,
HIH ik, 78 21 MPa. 60 °C T 74FAN 5 min.
RIS 105 °C.. 15 min S5 F K PEANEE, R 2035 iR
AR, B AR LA 5% YR R B 2 h, A
37 °C £ TR 15 h, FFFE 4 °C 2544458 12 h,
Fh R WAL PR 3 A
1.2.3 SERYTIEREEIIIE RS GB 4789.2-2016
CED 224 [ SRARUE BT S U B2 A0 50 TR 7 A 80
FE YT A 7 A 2 ) R R
1.2.4 2EFRWS IEWItHleE =75 Abdel-hamid 45
I WA B Y5 15 W . B RE S AE 10000 r/min.
4 °C ZFF B0 30 mine JH 0.45 pum JENE S UERE
SR 2ERR Y L IE WO TS S8 .
1.2.5 AT
1.2.5.1 DPPH F HEIERREESIMIMIE  #%8% Singh
SEROV AR D I 2R WS W DPPH H i S
BREE T, FVEE R . KRR HIE WS 0.2 mmol/L
M Jo/K ZEEBC ] i DPPH ¥R 1: 1 RIEIRA), &%
FHREEIZ 30 min, 78 517 nm AR GERSEE A, H
TC/K B G WA W, D E OO G A, AR
P A=0(1)H5E DPPH [ 3L R AE /7.
A -A,
A

1

x100 =X (D

DPPHH HIZEBR R (%) =

1.2.5.2 PTIO H M 2E7H BRBE J7 Ay I & #% B8 Li
SERN REAR I I R SRR WY W WO PTIO [ He 3
IEBRAE T, TR, B E R AR VWS
0.1 mg/mL PTIO ¥&#& 1:7 54718 5), 78 37 °C &%
KW 2 h, 7E 557 nm AR ERSERE A, FHZEMEK
B W, D HO O S AL AR A E(2) 1
. PTIO H HRHERAETT:

A —A,

A A

PTIO H H1ZTERR R (%) = % 100

1.2.5.3 WJEIHEMENE  $88 Lin 882 0905 500 a2
PR WS I8 WO RS, FEEIE M. B 0.5 mL “F1R Y
FUEWR, INAZEAF 0.2 mol/L H. pH M 6.6 I PBS
ZE IR L R 0.5 mL /Y 1% (w/v) EREALEIE TR, 35
SIETE 50 °C ZKSERHSUN 20 min, B TIokEE1, H-
HA 0.5 mL B9 10%(w/v)TCA, 4000 r/min &> 5 min,
H 1 mL BRI IR, IR 1 mL AEEEER/K, 1 mL 119
0.1%(w/v) =G ALEREE W, 1R 5), J2 % 10 min f5, P
A 700 nm A FRSGAE, 455 SR A L2 AR M =&
(umolV/IOVEMARHEZ R IR JF TG, L2 Peadiieprvi i
L8R y=0.0034x—0.0228, R>=0.9927 .
1.2.6 FFRWIRE ARSI E
1.2.6.1 o-Fi#PEH HEMENIEYE =% Zhang 557
HIJTIEIFHE B2, ¥ 50 ul 19 0.1 mol /L PBS Z&nf
#i(pH 6.8)5 1.5 mmol/L 1) PNPG IE MR EARTURE,
FHIILA 25 nL “ERYS ISR, 4 37 °C 24 R 10 min
JEHNA 30 uL A4 0.2 U/mL HY o-45 26 BT B2 7R 4%
SHE 37 °C 544 UV 30 min, 55 50 ul 79 0.2 mol/L
M) Na,CO, IE ML IE VY o TERFFRIY 405 nm &b
REWSCEA A, BRSNS HLHH PBS 22 i 5 -4
VPR IS O B G EE S B, X REZHH PBS & ab
AR I L S'C B R C, X REEs FA4E ) PBS 4%
TR T AR T T -] 28 B T T Y I G T ' B oy
Do RIRAF G o- I BEH IS D 6] 2R,
A-B
C-D
1.2.6.2 o-TEMBHMGITETE S RAEUESEPY )y
ISR, 4 0.25 mL 2FERRYS IS 1 mg/mL
M a-TERB B W LA 11 ARFBUR G, 78 37 C &K1 F
FZ% 10 min JEANA 0.5 mL 19 1.5% BT P TERY
W, YRSV 5 min, FRNILA 1 mL DNS 2 {45, 78
WK W S min JERGEEEIE =R, DA 8 mL
% PBS Z& k5 30 min, 7€ 540 nm &b 2 W 5'G
BN A, FESZS E4HH PBS S a-TEM T
VEMEIN L S R B, X REZH FH PBS 42 v g et
s SR SR C, X A 40 PBS 2% th i i
TG T a-TE A B W I LGB o Do ARIEA
()T o-TEABRE HEADH 2.

TR (o) = A= B

C-D

1.3 IR

X SPSS 26.0 F1 Origin 2021 %A 43 H7 i 56
BE, a5 002 SRR Oy 2250 i B N 3
2ZE 5K, P<0.05 A EME2ZER . IrA IR
2 3 W, I EEb R EZE FOREE R
2 HBRESH
2.1 AEFBEEABERTPERE ST

MR FE ZEARAERLAE, 1| mL BRWI P BT & FLIR B 7%
AR T 1x10° CFU/mL, A RELRUEZLIR BRIE A4

- B HEE B R (%) = x100 X (3D

x 100 X @
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Wi RIEIEEAVERHPY, 36 2 RLT KR4SRI F
PR 4% o T 5 LR PRI TR AR, PR TR R ARG R IR LE
A = R W5 % TR 8808 1ok ) SR P TE I A S AR TS T 4
1x10° CFU/mL. ATCC53013 A HIFERRYS 15 h 5
T BGAF] 8.44 1g CFU/mL, GC215 Fll PC-2 k1%
Y 25 P 0% P 0 35 R 205 Sl oA 8.41 1g CFU/mL I
8.40 g CFU/mL, #HLLZ T, L31 RGP T &%
BB, {H-H13AF) 8.03 1g CFU/mL, %0 4 #£57L
BRI P I HAA R AR PERE. X 5155550
KPR R A W I F LR B T PRI 8.42 1g CFU/mL
FILERARL . ASFSTIRFE LI EIR Y, 4 #RFLIR
W45 LB: ST 1R & R B RR WIS b B AN AT ik
8.48 g CFU/mL, SRk & l#5 LB: ST K FEFE 451
WG PREUH L, A AR & . (RGeS R & 19
IR K, AR R B AR U P i = AN R
FH(P>0.05) . AWFFRas R, TR R EEEAR SR
KPR 2Z [BIFEAE R i) e 3R

2 PRI AR A L K I T IR 5 TR
Table 2 The number of viable bacteria in fermented goat
yoghurt in single fermentation group and mixed
fermentation group

ail FRRAHIE # % (1g CFU/mL)
ATCC53103 8.44+0.21°
GC215 8.41+0.14°
PC-2 8.40+0.13*
L31 8.03+0.37°
ATCC53103:LB:ST 8.48+0.28"
GC215:LB:ST 8.69+0.24°
PC-2:LB:ST 8.63+0.09°
L31:LB:ST 8.52+0.15%
LB:ST 8.29+0.12%

T SRR PRI 22 [R5 AN R AT 3 22 57 (P<0.05) .

22 AEIEEN L BFERY) DPPH BHEEMREE
pal:pA

BRI 2= A4 A AL, MR [ AL
EERghnest, 2t B . 8K AT N DNA i %
Wi, FEOELEMEORETUE SRR, AR A
W) LR B A2 T2 = 5, B 5 A el 2L 1 B F = 1 05 174
DPPH [ HHIEREBREE S A2, 45518 nE 1 . 5
KK BEF WA L, Lot FLRR B A& TR E IR W% DPPH
A 3EE R EE 1 B3 & (P<0.05) ., GC215. PC-2
1 L31 PARE & BEERR W) DPPH H HLisEREE I b
TRA KB ERR WYY DPPH [ LTSI EE /1 i 2w
(P<0.05), ATCC53103 B & %14 2E B2 W5 % DPPH
B EE R IA T 51.78%+0.54%, i BN T H 57T
W R EFNR-A & IEEg DPPH B AL R (P<0.05),
GC215, PC-2, L31 kIR MR i 2w T HS R
b & BEFRNTR A & 8 1Y) SR FR W (P<0.05) , iX AT REFH T
3 MRINAE AR B K ey~ A= 15 Bk DPPH [ HH 3L &
o AT AR ILH AR L, GC215, PC-2 FITL31 K&

B 2E IR W5 %) DPPH H b 3L % he 1 ¥ e &
ATCC53103 ZH R W5 (P<0.05), Hidh GC215 4HF
fig W5 % DPPH H o L3 Bk Z rl 5 87.35%+0.08%
BF 5% 45 R 3 W ZL IR TR & 7 “E W 2 )5, vl 4 i
DPPH [ 3B RAE S, (AR ZLAR B HE = R A
i) DPPH H 3G REE I AN . 2 E 42
T B & e It , B F A3 Fe i PR I, BB 15 i s S L R
TR BB AL T BEARE A G N T R IEFLAPLA
AL IEPERS . Eundeok 2577 ATAN # FLAT B NK181 FI
G KU200171 & B24-551% DPPH H H3LiE
B 25 1IN Ayyash 258B9 ] La.DSM fl1 Lc. K782
o3 R RIS BE W AN A 2L, RSS9 S DPPH H 3k
TR EE S RGN . AN ST e B R FH LR o A
B A T HE S SERR R DPPH [ i L0 5%, HoAS
[FIZLIR I R EEED S S DPPH A H 3L Rbe I~ IE].,

—_
(=3
(=]

SERRYIXIDPPH [ ETE R (%)
- ES
S

|
i
(=%

(=)
(=)
T
=
aQ

20 H

R A A
BT SRR BRI & A 2 K B R ) DPPH
FI G PR R
Fig.1 DPPH free radical scavenging rate of fermented goat
yogurt by single bacteria and mixed bacteria
fermentation groups

HE: ARIFERRAA BEMEZE R (P<0.05); K] 2~K 5 [F,

23 A RIFBREN &ZEEFERY) PTIO BHEEEMREE
S0

PTIO J2&—Fhiy I — b AZUE R, X & —Fh
BPUEALSL R, BRETSC T ZBEFLXT PTIO H
FLIERRRIGE M. i IE 2 AT, SR A B R WA
Lb, ANFEIFLES T & BE2ERR WX PTIO M LR
A R (P<0.05) . PR TR, PC-2 K%
FY5H) PTIO H HHEEBRF 25 T ATCC53103
PR BR Bl & T SR 005 19 TS R 2R (P<0.05) , {H PC-2,
GC215 F1 L31 & B iR W5 = 8] JC b 25 M 22 =+
(P>0.05) . FLERE 5Bl & BRI A & B 2E 1 5
X7 PTIO H H3LERRIC B2 (P>0.05), HiR
T RO EMEFIZH (P<0.05) . 45520, ThRER
FOGSIINTAT LAFR T 2EBR WX PTIO [ i LS BRAE 7; 2%
AR I BABR R B 2R RR WX PTIO H HI LV BR R LLIR
BRI, X2 IR S AR I A AS R LR e A 1
SERR WX DPPH [ H BREIEBRAE JIAH I, X & R &
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Pt A v S i O RS HE AR ) 22 SO PR 1 ~ 400 a .
LA TASRIRSEI . ARSI, RIS IR é 330 ] ]
IRF PTIO 1 pH ST B 34T, 1 7T R B AT OOV D N U
ST M A W3 P 2 O DR S P A 3 = ol -
BT, T PEZ IO PTIO [ ph M AS S, Tk AT e =g :
TR R § 100 t
g%
S20¢ #
& 18} . a 00 &® &n & & Sd
I
&" b be ?S \Qﬂ) q’\(') C}\/ \(p\
T 12 be be Qc?‘) QQ <
o 10§ <O R
S 8 ot HATEALIR A Al
E 6F d P 3 B A IR AR 5 R I 2 R T~ R 5 3 St
g}‘ ar Fig.3 Reductive activity of goat yogurt fermented by single
;%_ (2) I H bacteria and mixed bacteria fermentation groups
NIIHIEANSRONA %&Jg}@\ -
od;)n;-& 606\8’ Q%& \,_\3’ N [F) LR PR A TR R WA M TR AR PERISEIR, A
?%g}“ 0&\ L v IRGERKTE, GARKEFWIAALL, 3R R, H
& o R R R L RS TEAIE AT 34225 (P<0.05); S DL BT
K2 B AR S B R &R LR PTIO REWIRALE, BRnThRerE o AL FLIR A, HARS MR
A R TS PR AT B 4T+ (P<0.05) . M\ DPPH H HHZE&0

Fig.2 PTIO free radical scavenging rate of fermented goat
yogurt by single bacteria and mixed bacteria
fermentation groups

24 A REIFEBREN &EEFERYNT R IEMERIR M

BRI A AT LA/ b i P4 (ROS) B9
7 LA 1 B, SRR AR SR, Sl L L-
2 PSR A TV E b vl B ) SRR R I T, A
W5 AN [] LR B & 7 =F- TR W5 i 1R TR il v, &5 SR
El 3 fine HERTAL, 2605 3 5 AT B e R T,
AH 24 F (158.51£1.50) umol/L L-2f JHt & 2 i 5 24
. R RBEANRE S KPR R e T
FRRYHAJFIETE. PR BT, GC215 Fl PC-2 &
B EFR AR BE ST, 535729 (359.17+7.52) pmol/L
H1(345.41+5.53) umol/L L- P faid i 245, 4351
ok R B SRR E T 227 M1 218 4% . S5 REEE
WikH b, B ATCC53103 FR.EE & BELH “E IR 541, HoAth
KL SRR WA R i PRI 2 = (P<0.05), 1%
i L2 e R i i 24 B AE 25.12~200.66 pmol/L 75
FEIN o BAPE & B E U FINR G & B E ) S5 1R 05
PRSI AR 55 5 DPPH F 352 i ke S AH 5],
Zeit FURR TR R SRS, AR AR T N T R iR
W H KRR, SECT /N R B BT AR,
XA B e U AR B S AL E . A, L
P AT % Pl R v a2 A BT TR AR i A G T,
Nzl AHLRSE, AT BESS N T R B E IRy nyie
JFiEE . ZFLRRTE A S bt EbidvE S R ad AR
W T e A R TE ) T R RIS 58 T LR T & IR
WP ELTE D,

AWFFEARYE DPPH [ FHZESERRZE ., PTIO [ Hi2E
T BRI TS 3 D PUAE RS bR I TEAS AN

BRI JFIE ML SR AT LIE ), GC215 Fl PC-2 HALH
KB APT AT R = PTIO H H JEE bR g
R, GC215. PC-2 f1 L31 KREE L EALT
PEIC R 322 5 (P>0.05) . X2 F DPPH H H3ELiE
B . PTIO K Hi JL 75 B 034 I P 1 2 )5 Sk itk AN [R]
T S8, (H AR U B ) B e e a it — 2
5T .
2.5 A EFBEX &ZEEFRRY o- BENEHESHIHIE
oA

W IR I 5 AR MBS K S 26, U 7K 5 45 45
PRI AT A SS . o- B EHE T R o- e A5 T2
2R A A T A SRR AT BT FR L PR
S NGB T ZZ W GER 10 43, DATTREAR Nz %)
PRI, A B TR0 S OBERY . ASEIEL
FR PR A T “F IR WY o~ R0 25 B T 10 1] 25 2R DL & 4.
R T, KSR RR WY o5 26 B T ol 7% A4
EPE R (P<0.05), ANFEIREARZ TRIFIASE] L 17 =
FRWI oA 25 B TN A 16 PR 2R B A [ RR B 10 22
5o PR AR BRI o~ B2 BT BT T
TR AW (P<0.05) ., AR ABEFYIGER BN,
L31 &M SETR W0 o~ 25 005 07 Pl vl P2 e e, 0
HIF A 45.14%+1.61%., GC215 Fll PC-2 FA.BH & B
FEWTN ] o BT B R MR Z MR B S
(P>0.05), ATCC53103 KREEIFEIRYIXT a- 2B
BN HITEPE N 6.91%+0.43%, X 7] GE2 i T Rk AN
[m], ARSI, A = AR T E . FLAR T & 17
Gy R [E A LR 2% W . S 2R L IR A T RN SO, A T A
P, = b A i 2SR 7 A A R S AN 58 A A ],
EEWAF. Ayyash 2P syt LC.K782 Fi
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Fig.4 Inhibitory activity of a-glucosidase in goat yogurt
fermented by single bacteria and mixed bacteria
fermentation groups
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