CHAPTER 5 Yv

IDENTIFICATION OF LACTIC ACID BACTERIA AND DETER@ON
OF ANTIOXIDATIVE PEPTIDES OF WHEY BUFFALW
GENERATED BY AND Enterococcus faecium Bdg

AND Lactobacillus plantarum WG2 \,

5.1 Introduction .\d‘
Yv
of the cruci sﬁb@es in

making fermented food and feed products. S iof of LAB arte@fture was

Starter culture in the fermentation industry i

preferred because this species had been genégally cogn‘se safe Q%ETAS bacteria.

Each LAB strains selected as starte\ itura pec@%haracteristics as
proteolysis and probiotic properties@ﬁu prm@;&'{y eficial health effects
N

as one of the ingredients in the (Jairrféz-o zet a@lQ; Mechai et al., 2014).

ig

&
Exploring new LAB?QE prj in rio& rces may lead to the unique
wi

isolation species of th% th 'r‘ eva :séhn@gical future demand (Rodriguez
&
\’f'rsa ion %AB is important to determine specific

et al., 2019). The stép,for the i

LAB strains with special ch

¢
could be spe &@/ selected f
tki

NN
LAB was d nedib typisé?d genotypic approaches (Reginensi et al., 2013).

istics; a d?ﬂ‘fus, the implementation of selected LAB
! ‘_?
in&us{iﬁl application. Generally, the identification of

A rr'mAre kit named API 5@*& is widely used because of rapid identification of

L \Nough biochemical tests based on assimilation and fermentation of 49 different
d ounds (Suhartik et al., 2014; Yuliana & Dizon, 2011). However, genotypic
entification of LAB which is based on molecular approach is the most robust,
superior, sensitive, and reliable method (Tilahun et al., 2018; Reginensi et al., 2013).

90



The genotypic LAB identification method widely used is 16S rRNA gene sequencing
using polymerase chain reaction (PCR) amplification of LAB isolates (Tilahu 4
2018; Caro et al., 2015; Park et al., 2010). ('}
Several research has been developed to generate pepti@&om milk
fermentation with health multifunctional properties. Over the decadeSySelected strains
of LAB have been applied in different types of milk ferment 'oMnerate peptides
with numerous biological functional properties incl ntio'<idant activity.

Fermentation of goat milk by Lactobacillus casei (L. casei). .61 at 41+ 16 h also
X

obtained antioxidative peptides and the percenta%avengi go ,1}di yl-2-
picrylhydrazyl (DPPH) free radical activity rat? d q{ % f@' 41.97 %
(Shuetal., 2018). In addition, the extractiow miB\che mad@:t{u'rennet with

different origins produced peptide fw <3 kDa) a@dam activity by

scavenging of DPPH free radical aCtivity, and \os% g@‘ating activity (FICA)
N,

assays. The scavenging of DPP%adic activi yan%f?A for these fractions at 5

mg/ml ranged between 4.37€ad 71 T tween+8.90 and 79.04 %, respectively

(Timoén et al., 2019). )
4 ’ &

Indeed, Iimi[N{[udies\[iﬁd\ AB strains able to release bioactive peptides
through buffalo{ rmentati 'ocesb ha et al., 2017; Vankudre et al., 2015;
Minervini e : i y,"itv(iijs ound that angiotensin I-converting-enzyme-

\
inhibito%%
helvﬂjﬁ PR4 proteinase hydc@/sed caseins for six types of milk including buffalo
N
%i The peptide concentration of buffalo milk sodium caseinate hydrolysates
roelu

ced by the partially purified proteinase of L. helveticus PR4 was 1.238 mg/ml with

erial peptides generated by Lactobacillus helveticus (L.

CE inhibitory activity (Minervini et al., 2003). However, there is a few data presented

on the antioxidative peptides produced from buffalo milk fermented with selected LAB.
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Therefore, the objectives of this study were to identify LAB species that had been used
as cultures in buffalo milk fermentation and to determine a better antioxidative p?ks

of whey buffalo milk generated by this selective LAB. ('}
5.2  Materials and Methods Q

5.2.1 Phenotypic Identification of Lactic Acid Bacteria by AP CHL Kit
The LAB isolates of WG2, Pk2, S1, and Bd2 were | iZd using AP1 50 CHL

(API system, BioMérieux, France) assay. Overnight cul of th iWere grown
L ]

Yv
oth LAB urks‘@ then

I s% i éri%TFrance).

cFarJéd?rTumber 2 as

(<

en,@ suspension was

on MRS plates (Oxoid) at 37 °C for 24 h anaerobical

washed and resuspended into API 50 CHL medi
Next, the turbidity of the suspension was ‘@etermined
following instructions provided by \%Jfacturer.

transferred into 50 wells of the AP(550H stri \IoYe ;{\l‘he wells incubated in

3
anaerobic condition, each we ayer&j wi minzo il and the strips were

incubated at 37 °C for 24 a hThl/ u ere §}{ved the changes in colour of

the suspension and an h AP'I‘ qu ibl\:@éux).
N NQox
l <~

522 Genoty@ntifim\%}i La&’ Acid Bacteria Using 16 S rDNA
¢

%W

Sequencin % 4 (j')
\
e krRNA agmec&\was amplified using standard PCR protocol and

Ylv
the Qsal primers 27F (S{E)GAGTTTGATCCTGGCTCAGG’) and 1492R (5°-

XYTACCTTGTTACGACTTG’) (Lawalata et al., 2011). The amplifications
& performed with initial denaturation at 95 °C for 2 min, and 35 cycles of
enaturation at 92 °C for 45 seconds, annealing at 54 °C for 1 min, extension at 72 °C

for 1 min, and the final extension at 72 °C for 10 min (Personal Termocycler, Biometra).
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The DNA was run on 1.5 % (w/v) agarose gel electrophoresis in 0.5 x Tris-acetate-
EDTA (TAE) buffer at 110 V for 45 min, and was visualised and photograph
UV transilluminator (Bio-Rad Laboratories, Segrate, Italy). The partial 16@ was

determined by 1% Base, Malaysia and compared with databases (Gen-

Y'

5.2.3 Preparation of Cultures and Fermentations \,
5.2.3.1 Preparation of Lactic Acid Bacteria Isolates Y. '

The identified LAB Bd2, Pk2, WG2, and S1 wi ultured Iture and
direct culture methods of this section was descr in section 2' ‘-}or a
comparison, fermentation of buffalo milk by |ns was [ %mrlpllcate
at 37 °C for 24 h and 48 h, respectlvely 0\ %T
5.2.3.2 Preparation of Whey Frac rom Fe %i Milk

The preparation of Whe%; miIQ in thi ctl described same as in
section 4.2.6.2. The super \t n fr e@rled and stored at -20 °C for
further analysis. The \@tl'
scavenging of 1,M$/I-2-pl'
ions chelating aetivitysFIC i Th&:éﬁéteurised buffalo milk with bacteria at 0

h was use(@trol. ? 4 '.&j')
S

NI .
5.2. termination of An@ant Activity of Whey Buffalo Milk

Xcavenglng of 1,1-Diphenyl-2-Picrylhydrazyl (DPPH) Free Radical

G | ity
The DPPH radical scavenging activity was evaluated using the Son and Lewis

(2002) method with modification which was similar to the previous chapter as

o

alyse the antioxidant activity by

H) free radical activity, and Ferrous
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mentioned in section 4.2.8.1.
5.2.4.2 Ferrous lon Chelating Activity

The ferrous ion chelating activity or FICA of whey buffalo milk @d by
LAB was evaluated using the Decker and Welch (1990) method wM&dification
which was similar to the previous chapter as mentioned in section 4¥'

@

5.2.4.3 Determination of 1Cso by Ferrous lon Chelating 'Xy '

The ability of different peptides generated by L 0 ch atw ions was
L ]
assessed using the method of Decker and Welch . One milli itef @rious

concentrations of whey buffalo milk (0.5 mg/ g/ml) W iXed v»(@t?.? ml of

igma AJ@S:) was added
f 0.0(‘? 5 mM ferrozine

distilled water. A solution of 0.1 ml 2 mM fetrou hlou'fe
and after 3 min the reaction was inhi &)the additi

(Sigma Aldrich). The mixture was§_vigorously \en?an J{ﬁ‘at room temperature
(25 °C) for 10 min. Optical densi e rezf&tion imture@measured at562 nm. A

blank without a sample was prepared ir] milar manper-"EDTA (0.1 mg/ml) was also

run in the same way arison. | Theltest @carried out in triplicate and the
4 ¢ &
chelating capacitw@culatfd‘ﬂ%p rcent sing the following formula:

i

a A
Fe* chelating = Absorbance (Ass2) of blank — Absorbance (Ase2) of sample x 100
activity (100%) Absorbance (Ase27) of blank

antioxidant «activity was defined as the concentration of sample
S

required to chelate ferrous ions by 50 %.

QD

ALY
e&%{efor

Th
(
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5.2.5 Determination of Molecular Weight of Peptides from Whey Buﬁaw

by Sodium Dodecyl Sulphate-Polyacrylamide Gel Electrophoresis (SI@E)
The molecular weight (Mw) of peptides from whey buffalo duced by

precultured WG2 and Bd2 were estimated using sodium dodecyl sulfategolyacrylamide

gel electrophoresis (SDS PAGE) method as described by L,ieh!/(lgm) (Garfin,

1990). ? '
\dO Y

5.2.5.1 Preparation of Stock Solution | _\"}
Preparation of sample buffer was as don ow% ck sam le buffer
(0.06 M Tris-C1, pH 6.8, 2 % SDS, 10 % romo@n‘g Blue) was
prepared as shown in Table 5.1. \% é
& &
Table 5.1%tion fer
Ingredients \ i Volume (ml)

H.O
0.5 M Tris-HCI 1.2
10 % (W/v) SDS ’ 4 & 2.0
Glycerol l & @) 1.0
0.5 % Bro@ Blue'(w/v water) L,% 0.5
N
N N O
Then, one i %e rurfin b fe((OQg M Tris, 0.192 M glycine, 0.1 % (w/v) SDS,
\
pH 8.3)@%&?&6&2@. I@Iy, 3 g Tris-base, 14 g glycine, 10 ml 10% SDS

wer d in 1000 ml of dis 'ﬂ@!’water running buffer. No need to adjust the pH of

ing buffer, but just mix the reagents together and confirm that the pH is near

$
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5.2.5.2 Preparation of Casting Gels (Resolving and Stacking Gel)

Initially, a 12 % (v/v) of resolving gel was prepared by combiningw

reagents from Table 5.2 except the ammonium persulfate @and

tetramethylethylenediamine (TEMED) in a disposable plastic beaker. ution was
deaerated under vacuum using dessicator. After that, APS and TEWf)'were mixed
gently into the deaerated monomer solution. The monomer solution'was added using a

glel.

Next, immediately overlaid it with water sat d 2- UW tert-amyl
L ]

Yv
alcohol to exclude air, which might inhibit polymerisation, from t sqrf@f the
ol

monomer mixture. Then, the gel was allo i

pipette between the gel plates up to the mark delimiting th

mefi 45 to 1 h.

Polymerisation was evidenced by the appearan ofv? sh inte@:rbeneath the

overlay, which will start to become“wisiblein about in. éﬁymerisation was

essentially completed in 90 min, bL@sstacking\% b pQu d after an hour. The
By N,

unused monomer was allowe merﬁe ingthe bea@ and lastly the gel was

discarded. \ AQ/

N
\ ol NEVRS
Tab ; Components Re‘sol@lg Gel Making
A, — Y
N é.f 12 % Resolving gel
&

Component

Water ,x\ \} 3.35 ml
15M Tris{Q 8.8 O 2.5 ml

10 % SD ¢ I 3 0.1 ml
Acryla gm\) (30 06 T, 2% % oy, 4.0 ml

10 %%ﬂnum persulfate NN 50 pL (0.05%)
TE@, ’ <

(@]

R

(=]

X 5 uL (0.05%)

~ <

N:or a stacking gel preparation, all reagents were mixed (Table 5.3) until volume

Q‘t%d 10 ml of stacking gel monomer solution. The solution was deaerated under

uum by using a desiccator for at least 15 min. Finally, the top of the resolving gel

was rinsed thoroughly with water and the area above it was dried with filter paper. A

96



well-forming comb was placed between the gel plates with a slight tilt at an angle to

g
O

provide a way for bubbles to escape.

Table 5.3: Components of Stacking Gel Making

Component Stacking gi
Water 6.1 ml
0.5 M Tris-C1, pH 6.8 2.5 ml \,
Acrylamide stock solution (30 % T) 1.3 ml Y.
10 % SDS 0.1 i
1
| .
5.2.5.3 Preparation of Sample for SDS PAGE ' L}Y.
The loading buffer was prepared by adding L of 2‘3m rcaptoeth to each

}o‘&merca d?%nol). The

freeze dried whey sample was diluted it?%\& % j‘ne

buffer. Next, an aliquot amount of 20 pL w i
loading buffer followed by heatin °CJ mi 3
&
into a water bath. X
Z N
5.2.5.4 Electrophoresis d &

& @)
The electr@s taq@t up technyx Electronyx Vertical Gel Tank
N
(Global Medi@\gkun]ntpu : ‘,'I'heugrfing buffer (0.025 M Tris, 0.192 M glycine,

0.1 % ( f%) with pH /8. Wﬁ{%ﬁded and the comb from a stacking gel was
’
eaé1

removed. n, 20 uL s@e was loaded into the well of the stacking gel and
& &

elé&Qhoresis was carried mht constant current 120 V for 120 min. After that, the

§S carefully removed from between the glass plates and was placed in the fixing

ution consisting of 40 % (v/v) of methanol mixed with 10 % of acetic acid (v/v) for

0.95 ml of stock sample buffer (to a final concentration o

comn@t SDS-reducing

Wa&ge(ed with 20 pL of

30 min. This gel was stained for 3 h with Coomassie G-250 stain (BIO-RAD, Bio Rad
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Laboratories, Inc). Then, after 3 h staining, the gel was destained using a destaining
solution consisting ratio of (4: 5: 1) (v/v/v) methanol, water and acetic acid. ,
the molecular weight (Mw) of the sample was determined using standa@cular

weight markers 10 to 250 kDa (BIO-RAD, Bio Rad Laboratories, Inc):

5.2.6 Statistical Analysis \,

Antioxidant activity of whey buffalo milk by bot z radical scavenging

activity and FICA assays were presented as mean + stamdard va average

"X
readings and were statistically analysed using two-%glysis vari c‘a @VA)
using Minitab version 16 (Germany). Thw e{ er@nsidered

&
C—}’ ] 3\
N O
53 Results c') T \&
5.3.1 Phenotypic and Geno%ntifl i uLactic-Acid Bacteria
o

statistically significant.

Thus, through phen ic identifi€atio usin‘%cloSO CHL test kits and API
web, these four LAB sﬁ;de;l'ﬁed S‘. L arum for isolate Bd2, WG2, and
S1, respectively while,L. Iactisl \aﬂ forgzg Pk2 (Table 5.4). Characterisation
of LAB strainsédiffe \Qhro@f&arbohydrate fermentation from API 50

¢
CHL test kiE observing 49 fe;en (%Poon sources react (Yuliana & Dizon, 2011).

NN
Howev% geng~ proa:bmown as genotype identification of DNA that

Y.
use(ﬁersal primer obtain@ear bands of LAB (Figure 5.1) with approximate

Xar weight (Mw) 1400 base pair (bp) and the similarity (99%) for all LAB were

& mined as E. faecium for isolate Bd2, L. paracasei for isolate Pk2, L. plantarum for

olate S1 and WG2.
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Table 5.4: Phenotypic and Genotypic Identification of LAB Isolates

Code of Source  Phenotype identification Genotype

LAB identification
Identification Similarity % Identification Similarity %

Bd2 Budu L. plantarum 94.9 E. faecium 99.0

Pk2 Pekasam L. lactis 93.7 L. paracasei 99.0
cremaris

Sl Soil L. plantarum 92,5 L. plantarum 99.0

WG2 Grape L. plantarum 99.9 L. plantarum 99.0

Figure 5.1: DNA,Bands of LAB.on 1.0 % Agarose Gel

Notes: Lane 1 = DNA ladder; liane 2 = E./faecium Bd2; t=ane 3 = L. paracasei Pk2; Lane 4 =
L. plantarum S1, and Lane'5 = Laplantarum WG2

5.3.2 Antioxidanat Activity of Whey BuffaletMilk Generated by Precultured LAB

Antioxgdantsactivity ,of whey!buffale’ milk produced by precultured LAB was
not significantly.(P>0.05) affected by-fermentation time for both scavenging DPPH
free radicalactivity and?FICA assays. However, when increasing fermentation time
from 24 h'to 48 h for all four LABSs resulted in increasing the percentage of antioxidant
py=both scavenging DPPH free radical activity and FICA assays except for FICA of
whey buffalo milk generated by L. paracasei Pk2 and E. faecium Bd2 (Figure 5.2). The

FICA of whey buffalo milk generated by L. paracasei Pk2 decreased from 69.94 % (24
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h) to 56.58 % (48 h) while the FICA of whey buffalo milk generated by E. faecium Bd2
decreased from 78.22 % (24 h) to 73.44 % (48 h). Y-

Each LAB strain significantly (P<0.05) showed different antioxid@es of
whey buffalo milk for both scavenging DPPH free radical activity a assays.
The LAB strain identified as E. faecium Bd2 inoculated in buffalo miWnentation by

preculturing approach produced whey with the highest antio>§'|dan tivity by DPPH

radical scavenging activity assay (12.28 %) but still signi | (P<?.05) lower than

whey generated by the control L. plantarum ATCC 801 71 % aWr‘nentation

time. J _\5}
Meanwhile, the L. plantarum WG2 ino n t“ [ fer%&fation by

preculturing approach produced whey witw hesb?ntl idant a@:{;/ (84.45 %)

by FICA assay at 48 h fermentation .*oibwed by ger@i’ed by E. faecium

Bd2 at 24 h fermentation time (78.2(%5Interes |\ly\$es 0'isolates that produced

high FICA were significantly (B%high& tha ey(lQ lo milk generated by the
control L. plantarum ATC NGTM‘; tation time.
Indeed, the anti%@t ctivity

isolates by precult Hqg\approa]c

compared to dica

Z:

%

fw 3“6%@1) milk generated by all four LAB

&

cantl ((.9<0.05) resulted in high FICA when

%s

ing (#Oity values. The FICA values ranged

¢
between 56. %84.4 % while !ﬁe @4 radical scavenging activity values ranged
@v Y
between¢d3.43 and 122&D/p%pectivél\y.
L 9

N
\C-j
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100.00
90.00
80.00
70.00
60.00
50.00

40.00 29.09 m24h

30.00 26.71 =48 h
12.28

20.00 8.00
1000 9.17 so7 1 97'05 8.95
: : i : 3.43
0.00 -_ﬁ ﬁ._
Bd2 PK2 WG2 sI

L. plantarum
ATCC 8014

DPPH Scavenging Activity (%)

LAB Isolates
- |
@) ‘< ,’ Y“.‘
9w v

90.00 78.22 84.45

80.00 74.74
69.94 63.75
56.58 59.41
m24h
m48h
Pk2 WG2 Sl

LAB Isolates
N
N ARG
QS' : (a) Scavengin Free Radical Activity; and (b) FICA of Whey
Buffalo Milk«Generated by Precultured LAB (%)

Notes: Bd2 = E. faecium Bd2; Pk2 = L. paracasei Pk2; WG2 = L. plantarum WG2;
0 and Sl = L. plantarum S1

100.00

66.14
70.00

60.00
50.00
40.00
30.00
20.00

Ferrous lon Chelating Activity (%)

10.00

0.00

L. plantarum Bd2
ATCC 8014
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5.3.3 Antioxidant Activity of Whey Buffalo Milk Generated by Direct Cultured

LAB Yv
Different fermentation times in direct culture approach significan@i).OS)

affected antioxidant activity of whey buffalo milk generated by LAAqlates. The
antioxidant activity of whey buffalo milk generated by LABs at 48 h entation time

determined by both scavenging DPPH free radical activity aqEEM assays showed
higher values than whey buffalo milk generated by the sam at 2'1 h fermentation
time (Figure 5.3). .\d

'Y

The DPPH radical scavenging activity valu whey buf rﬁi@% h
fermentation time ranged between 21.87 and 5 0 h% igher t@rrecorded
for 24 h fermentation time except for whe$f nﬁk rated@K plantarum
WG2 where the DPPH radical sca bctivity r d f@ 31.98 % (24 h

fermentation time) to 21.87 % (48@5m atlbj_.\m @ighest DPPH radical
N

ent
scavenging activity of whey Wa%ed in'buffa milk i lated with L. plantarum

&
.01 "@by direct culturing at 48 h

S1 (55.03 %) followed by%iur’ &
fermentation time W)’% significan (P<®5) higher than the control L.

4 "%

plantarum ATCC 8(34&1.47 0 \4& fer tion time.

-9

o

Meanwhile, alo ' ent@v’lth LABs at 48 h produced whey with
¢
FICA value %1 between .SJa@.SZ % which was slightly higher than that
%v NN
h fer ion ti$(5o.13 to 62.20 %). The highest FICA was

recorde%
cnch

obs n whey buffalo mi Wculated with L. plantarum S1 (65.52 %) by direct

\@; approach at 48 h fermentation time which was slightly higher than the control

cultur
6 antarum ATCC 8014 (64.57 %) at 48 h fermentation time.
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100.00
90.00
80.00
70.00
60.00 4801 55.03
50.00
40.00

31.47 m24h

31.98 .
33.6 m48h

30.00 )1.87

20.00
10.00

DPPH Scavenging Activity (%)

0.00
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ATCC 8014

LAB Isolates

S .']' ] x
(a)
™ U
100.00
90.00

80.00

7000 1 5, /8457

55.83
60.00

50.00
40.00
30.00
20.00

Ferrous lon Chelating Activity (%)

10.00

0.00

L. plantarum

ATCC 8014
Nt

N
Mre 5.3: (a) Scavenging DPPH Free Radical Activity, and (b) FICA of Whey
Buffalo Milk Generated by Direct Cultured LAB (%)

0 Notes: Bd2 = E. faecium Bd2; Pk2 = L. paracasei Pk2; WG2 = L. plantarum WG2;

Pk2 WG2 Sl

LAB Isolates

and Sl = L. plantarum S1
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Similar to preculture approach, different LAB strains used as starter culture by
direct culturing approach in the fermentation of buffalo milk resulted in dw
antioxidant activity of whey for both scavenging DPPH free radical activi@lCA
assays where all these four LABs can produce antioxidative whey fr falo milk
fermentation. The antioxidant activity of whey buffalo milk generatediby all four LAB
isolates by direct culturing approach significantly (P<0.05 rm in high FICA

values when compared to DPPH radical scavenging acti hey produced

from fermented buffalo milk inoculated with LABs direct c INg approach
3
N
produced FICA ranged between 50.13 and 65.52 % whileghe DPRH r aj SE{@ ging
activity ranged between 21.87 and 55.03 % fo 4 h% rmth?fi'on time,
o

respectively. \) W
a

Generally, both scavenging D qgradical

by preculturing or direct culturiVGﬂproache\(\% @48 h buffalo milk

N,
fermentation successfully gen h hwith niiox<|</

antioxidant activity of whe xeter

buffalo milk for both ntation {imby
F &

highest FICA was observed inv‘
n

WG2 at48 h ferﬂnt ion ti

!

¢

E. faecium 5@24 ferm tatfor‘(t} e. Whey buffalo milk generated by both
NN

y a A assays either

activity. The highest

23>

L
O
>
b
73
6
<
=}
—+
=.
7
n
@
[
o
=<
—_
=
D

precult . faecium L. p-hharum WG2 did not appear significant difference
(P>Q,Q&vhen prolonging th@ﬁentation time from 24 h to 48 h. Thus, these both
strai . faecium Bd2 and L. plantarum WG2 were continually used as starter culture

o further examine their antioxidant activity by half concentration of inhibition (ICsp)
sing FICA assay to determine the concentration of whey buffalo milk required to

chelate 50 % metal ions responsible for oxidation.
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5.3.4 Determination of 1Cso Ferrous lon Chelating Activity (FICA)

The inhibition concentration of whey produced from fermented buffaw
produced by precultured of E. faecium Bd2 and L. plantarum WG2 requir@}elate
50 % ferrous ions were further calculated (Figure 5.4, Table 5.5). T}ﬂkentage of

FICA for standard EDTA and whey buffalo milk increased when concentration

increased (Figure 5.4). It was observed that there were no signi ica\nN&>0.05) changes
of FICA of whey buffalo milk at concentration between 0. F&QTI for both whey
buffalo milk precultured with E. faecium Bd2 and L. plantarum G‘Q\d‘
However, when comparing with standard%& there d S@T‘Zi;ant
difference (P<0.05) between the FICA of whey iI% wiﬂ;@()fh strains
of E. faecium Bd2 and L. plantarum WG&@YM for \A@Yuffalo milk
fermented by both precultured E. iumBd2 and Iant@%‘n WG2 at 24 h

fermentation time were similar (O.@s/ml), \rségv g'é‘or whey buffalo milk
N

fermented by both preculture ciurﬁ1 Bd2yand LQ‘EJ?antarum WG2 at 48 h

&
fermentation were differem‘\lireturr . fa ium?produced whey buffalo milk
I ecul

with 1Cso value of 0.% :slj Qlantarum WG2 produced whey

buffalo milk with | value ofl :

for both E. faecium Bd2 a
K ¢ | (,3
(P<0.05) o %the Cso.v er@ ard EDTA (0.29 mg/ml).
Qv N

AQ/ g "$
<
N

I ai&.b\ fermentation time. The ICsg values

>

tarur@/GZ at 24 h and 48 h were significantly

N
\C.)
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100
80
g e EDTA
S 60
g ~—WG2Pre24h
S
S 40 WG2Pre48h
=@=Bd2Pre24h
20
=@==Bd2Pre48h
0
0 0.5 1 15 2 25 3

Concentration (mg/ml)
g > O \)‘Z*
c\&)‘h

Figure 5.4: ICso Value of FICA for ERTA ac S

Notes: &

ICso= Concentration of inhibitor required to inhiBit,50% of the FIC O

EDTA: standard antioxidant EDTA

Bd2Pre24h: Whey produced by 24 h ferm%ﬁalo mi \'ﬂ\pT u&e . faecium Bd2
WG2Pre24h: Whey produced by 24 h fermented buffalosmitk"With precultured L. plantarum WG2
Bd2Pre48h: Whey produced by 48 h ferm uffalo milk

ith prec d E. faecium Bd2
hp ured L. plantarum WG2

N
TA d,w@ffalo milk (mg/ml)

WG2Pre48h: Whey produced by 48

Table 5.5: Eo vges of E

Code ngﬁl Y ICs0? (mg/ml)
EDTA \ 0.29
Bd2Pre24h & . 0.39
WG2Pre24h \ . 0.39
Bd2Pre4sh I ) faecitm 0.41
WG2Pre : 0.37

—% N

Notes: % 4 J f 4 é

ICso= ce ion of inhibitor requirgd to inhibit 50 % of the FICA

EDT, dard antioxidant EDTA

4h: Whey produced by 24 h fermented buffalo milk with precultured L. plantarum WG2
B h: Whey produced by 48 h fermented buffalo milk with precultured E. faecium Bd2

0 2Pre48h: Whey produced by 48 h fermented buffalo milk with precultured L. plantarum WG2
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5.3.5 Protein Separation of Whey Buffalo Milk by Sodium Dodecyl Sulphate-
Polyacrylamide Gel Electrophoresis

The result of Sodium Dodecyl Sulphate-Polyacrylamide Gel Elect@ls or
SDS PAGE pattern for the whey buffalo milk generated by precultu lantarum
WG2 and E. faecium Bd2 for 24 h and 48 h of fermentation time is shw Figure 5.5.
The bands indicate the Mw of whey buffalo milk obtained t pattern. It was
observed that the My of the whey buffalo milk ranged be m 1nd 50 kDa, and

between 20 and 10 kDa for all whey buffalo tested m The jbig played to

produce sharp bands while the small My, dlsplayed@ broader b s] _\C-}
¥
o

N f\ ~

y
| N
:%e 5.5: Pr $epa|h§>n of Whey Buffalo Milk by SDS PAGE

No <’
Warker
L eptides generated by 24 h of precultured E. faecium Bd2,

- Peptides generated by 24 h of precultured L. plantarum WG2
@ 4: Peptides generated by 48 h of precultured E. faecium Bd2

e 5: Peptides generated by 48 h of precultured L. plantarum WG2
ane 6: Pasteurised buffalo milk (control)
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5.4  Discussion

Lactic acid bacteria (LAB) are universal, economic, and safe microorg?m
applied by the manufacturers in producing varieties of fermented foods including¥dairy
products (Reginensi et al., 2013). Usually, these LABs were selected al as starter
cultures, probiotic supplements, and as microbial cell factories in the f@od/feed system
(Rodriguez et al., 2019). \)

The isolation and identification of LAB are impo Yd:t rmine the most
suitable strains to be applied in the products with specifi racte isw e‘xamples,
in a dairy industry of making fermented milk, se@vf suitable str. in} clﬁglg as
starter culture are crucial because the selected ies, of % con.@g?ed some

importance technological properties suchw:ity «\) de p.égzn; probiotic

properties for survivability in acid and*hile eaironment,

mic@%l activity against

.,'&2\(}14; Uugantsetseg &
Batjargal., 2014; Salem et al., %kila’& Petéja 20((3{@

There are a great n }w i e iden@ation of LAB (Rodriguez et
al., 2019; Tilahun et al%&;

2012; Yuliana & Dizen, 2011)|

pathogens as well as antibiotics resistance ( ?t

sturl
oetal, 2 ;;'Su@tik et al., 2014; Baradaran et al.,
pic g.genotypic identification of LAB was

determined usir@ C i ' 16 iYJSNA sequencing using PCR, respectively.

¢
There was g@ence nL iu'en@(iation for Bd2 and Pk2 isolates using both
% NN
method<F<r, 2 isal ﬁnotypéaly about 94.9 % was similar to L. plantarum but
Whej,&

tified by genotypic a@éach, Bd2 isolate was identified as E. faecium with
N

ilarity. Phenotypically, 93.7 % of Pk2 isolate was similar to L. lactis cremaris
utsusing genotypic approach, Pk2 isolate was identified as L. paracasei with 99 %

imilarity.  Basically, phenotypic identification of LAB depends mainly on

morphological, physiological, and biochemical criteria (Reginensi et al., 2013).
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However, together with genomic DNA extraction of LAB isolates for further
analysed in PCR reactions to amplify the 16S rDNA gene sequencing of thesYHB
isolates produced a reliable LAB identification. Based on phenotypic iderﬁ%&mn by
API CHL 50 kit, the LAB isolate of K1, K3 and K5 obtained 97 %, 8 d 99.9 %
homology to the Pediococcus pentosaceus (P. pentosaceus), L. Iact&?L. curvatus,

respectively. But, by analysing genotypic identification by 16S EDN ene sequencing,

the same LAB isolates were 99 %, 97 % and 99 % ¢ to jbe L. lactis, P.

pentosaceus and L. curvatus, respectively (Baradaran ., 2012).~Similarly, LAB
3

N _ l A
strain T29 isolated from Indonesian fermented food identifie l’ B@) arum

using phenotypic identification but when anal g ge\lf)t i denti@ation, the
same LAB confirmed to be P. acidilactici (Suhar a\ 2014). g

Oxidative stress is a situation@y @Een oxidants and

antioxidants (Esfandi et al., 201H IS a c\‘mﬁgw b{r%*the production and

N
accumulation of reactive speci

cani% 2" "), hydrogen peroxide
, \
(H205), and hydroxyl (HO n1
t

@which caused toxicity to cells
and tissues (Pizzino et . When thi L;\erioQ on happens, the reactive species
could overtake th'eQQidantlde\

0 .

lipids, proteins,%and/or nucl
\ :
(Bandyopadhyay et al., 199

umiptionéo gxidan_ ompounds in a daily diet could prevent or treat

of ce@aﬁd could cause oxidative damage in

whi@eads to various pathological conditions.

(.)
O
vari man diseases cats\'éd}’by oxidative stress. In this study, whey with

antiexidative peptides produced from buffalo milk fermented with different LAB strains
Qbe ified as E. faecium Bd2, L. paracasei Pk2, L. plantarum WG2, and L. plantarum
1. Previous studies reported fermentation for varieties of milk by LAB strains
including bovine milk (skimmed milk), goat milk, and camel milk produced
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antioxidative peptides (Shu et al., 2018; Soleymanzadeh et al., 2016; Abubakr et al.,

2012a). Skimmed milk fermented with L. plantarum 1 and Leoconostoc mesent

(Leu. mesenteroides) produced whey with antioxidant activity (Abubakr e@&a).

In addition, goat milk fermented with L. casei L61 also produced antiqu,l peptides

(Shuetal., 2018). Furthermore, fermented skimmed milk and camel with different

LAB strains such as L. plantarum, L. paraplantarum, L. kefiri, Nri, L. paracasei,
?g.en ate antioxidant

Leu. lactis, Weissella cibaria (W. cibaria), and E. faeciu

S
peptides when analysing using scavenging DPPH free ra actiyity ’-azinobis

(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS@N scavengin cﬁv@says
b

(Soleymanzadeh et al., 2016). \" N
Y.

tation LAB strains

To date, a few studies was done on Buffale'mil

could also produce-antioxidative pepw;a g

(Padghan et al., 2018; Taha et al., %Vanku

L. lactis and L. delbeurkii WQFE%J

antioxidant whey analyse h ST
t

(Vankudre et al., 2015% ioxid; pe igés @ also present in yogurt produced

. . & . .
from buffalo milk a mIthil’ rt c%ﬁ.we of L. acidophilus and L. helveticus
(Taha et al., 201). &

¢ | (3('}
by 9

ption of ssf'c ning a mixture of Dahi culture and L.

itro a@wivo approaches

1@\ The LAB strains of
N

The

% "

acidop% uting daily/diet inm‘ke for 15 to 30 days was evaluated using in vivo
X

was found that the | of antioxidant activity increased by observing the
def

tu
agxant enzymes superoxide dismutase (SOD), catalase, and glutathione peroxidase

S

Q Px) with Lassi made with standard Dahi culture and Lassi made with L.
cidophilus as compared to that of fed with oxidised oil (Padghan et al., 2018). Using

other types of milk rather than buffalo milk, the selection of LAB strains to generate
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antioxidative peptides via buffalo milk fermentation was similar to other different types
of milk where the LAB strains should be able to hydrolyse proteins into peptidew

amino acids and could also potential as probiotic LAB (Jaimez-Ordaz @OlQ;

Mechai et al., 2014). A

It was also found that different LAB strains generated whey alo milk with
different scavenging DPPH free radical activity and FICA. Bo;E antioxidant assays had
ga

their own concept in determining antioxidant compounds v,tioxidants from

proteins. Antioxidant assay by the scavenging DPP e ra ic.z?hagdty can be
L ]

ile antioxid s'a;_/ﬁy)\‘rgCA

d ng ry @eventive

Pl-ta{ree ical aé\;‘l:y assay, the
antioxidant samples have ability to ac\ ;reaadical sC ers@ydrogen donours

which prevent formation of free ra%formatl\(sh?ka &Q&nju, 2014). While in

N,
FICA assay, the antioxidant sar%«/e abﬂityt Iat<e§ﬁsition of metal Fe?* ions

by inhibiting Fenton reaction_fo atiolv en o-Mﬁéet al., 2015). In this study,
; mi

'\'/Jith@ected LAB strains able to act as

categorised in primary or chain-breaking antioxidant

is another approach of assay that can be c

antioxidants (Apak et al., 2016). In scavenging

whey generated from ted buffal

'3

antioxidant compo weptidf \m;
which involved&t terminati ffré&dical reactions and metal ferrous ion-
chelating abi h

pectively.

y bcgaetions as chain-breaking antioxidants

anti@t activity of whey b@‘z:nilk by both scavenging DPPH free radical activity
@A assays. In contrast, this finding was different to most previous studies that
G d fermentation time did affect the antioxidant activity of whey or peptides (Niu et
., 2013; Abubakr et al., 2012a; Chang et al., 2009). The scavenging DPPH free radical

activity value of whey from fermented skim milk with L. plantarum 1 increased when
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fermentation time increased from 24 h (48.9 %) to 72 h (50.7 %) (Abubakr et al., 2012a).
In the study of peptides from defatted wheat germ produced by B. subtilis B1,
found that optimisation of fermentation conditions including fermentatio@ould
affect production of peptides generated by selected microorganisms ( ., 2013).
However, several reports that production of peptides by wn'entation of
microorganisms including LAB was not influenced by tim development of
antioxidative activity was generally increased during ferm mt‘/vas not directly
connected to fermentation time. This might be happe due OMB strains
i n'te@va;ure
to work at best to produce antioxidative whey/peptides or extfa ang\ejzal., 2009;
Virtanen et al., 2007). \/ \ %T

This study also found that dif‘@turing apprgéches O L AB into buffalo

milk for fermentation produced wh@s'th high Tad @avenging activity by
N,

direct cultured LAB and high %y pre%ultur
™

&
dical<acti ass %tained from whey produced

values by scavenging DPP v

from fermented buffal%’i%;ula} Py ;ﬂre’sbultured L. plantarum S1 at 48 h
(65.52%) and L. p sei Pk2|a 6.99@eanwhile the highest antioxidative
values by FIC@M i ' Wf@%{)roduced from fermented buffalo milk
inoculated 'wultu d‘E. ec‘rurr@ (78.22 %) and L. plantarum WG2 at 48 h
(84.45 @i\/w% We‘irl;%\ew conditions need to be concerned to produce

applied in the fermentation as starter culture have th n optimis

—X

LA e highest antioxidative

anti ive whey buffalo m@nerated by LAB through fermentation process such

as*ability to lysis protein, have probiotic properties, and each of them need an optimal
d ironment conditions like temperature, time and inoculation size at a specific amount
hen et al., 2019). From this study, the finding of culturing LAB using either
preculture or direct culture approach has been proven can optimise functionality of LAB
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to generate an optimum antioxidative whey buffalo milk with high value.

The study of FICA is important because antioxidant as protectorw
oxidative damage by chelation therapy mentioned that the main defer&,s void
generation of ROS is associated with redox active metal catalysis invo elating of
the metal ions especially ferrous ions (Ebrahimzadeh et al., 2008). TWIf-maximal
inhibitory concentration (ICso) value of antioxidant activit My buffalo milk
generated by precultured E. faecium Bd2 and L. planta yx; as evaluated to
determine the stronger metal chelating ability. In t tudy wWﬁalo milk
exhibited ferrous ions chelating activity although it ignificantl P{O@Ywer
than that of EDTA. Indeed, the ICs values forr?u eI% ility of s@?ned milk

o

hydrolysates fermented with L. plantarumst) eu. roides@e(e lower than

ecti@(Abubakr et al.,

this finding which were 0.46 mg/ml 0.69 mg/ml,
2014). However, the ICso value of: milk casel %ro ,@%'was higher than this
N,

finding which was 0.048 mg/m casan hy satewas obtained by enzymatic

&
@/psin, not by LAB or other

microorganism fermentati i et all, 20 3:2.' ‘Fb ICso values that represent the
s &
chelating effect of Mbuf@ ferr ons obtained from this study found
%ﬁn

antioxidant cap d, thus, mdin@ﬂ antioxidative peptides of whey buffalo
’ J (?
milk could E: cteells agains xiaat' e damage.
\
% ilk fer. ion tre&éd with selected LAB caused protein to become
hydm,j&j and fractionised into}whaller protein, peptides and/or amino acids. These

N
fraeti can be known by observing the total band formed at SDS PAGE and

hydrolysis of protease, al e oteT

omparing it with the control and selected marker. The electrophoresis processing
owed the total bands of whey buffalo milk fermented with precultured and E. faecium

Bd2 and L. plantarum WG2 were observed more than bands of pasteurised buffalo milk
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(control). The protein hydrolysis of buffalo milk fermentation was reached optimally
by both precultured E. faecium Bd2 and L. plantarum WG2 at different ferm
times. Similar to other bioactive peptides, these antioxidant peptides can @&ome
activated or functional when degradation of latent sequence of pro@kkes place
(Korhonen and Pihlanto, 2003). T

The My of band fractions for the whey buffalo milk re (M for antioxidant
activity in this study had been obtained between 150 to 50 mt 10 kDa. There

was band with My, obtained similar to the My, for beta- lob liwglobulm)

and lactoferrin which was 80 kDa and 18 kDa, respec

(Abdgu bairb@Ole
pre% n@-c')ned that

Aich et al., 2015). It was supported by the findi

by culturing LAB in milk fermentation ioattive pe@ts such as B-
lactoglobulin and lactoferrin (Mahdi&iaom) T -Iac@bulin IS a major
protein in whey, approximately 10 t % of tota\rkgr

that consists of 162 amino aci I&togl ulln sses a mild antioxidant
activity whose potency is \n t af%gjl nd probucol; a synthesised
antioxidant that chmc%&e.e ]%J l!C lesterol level (Liu et al., 2007).

prot d can act as antioxidant compounds

While lactoferrin i |s

(Safaeian et al., 01 nt I rrln plays a protective role in oxidative

stress induc @J(JI?CUOH of ROS in the cell membrane (Eipper
NN

et aI o2 6 b g {\

VIOUS studies de @rated that lower My peptide possessed high

tive activity (Timon et al., 2019; Liu et al., 2013). The peptide separation by
d‘%cmommography with tandem mass spectrometry (LC-MS/MS) analysis method
as done for fermented goat milk yogurt resulting in three peaks of fractions

responsible for antihypercholerolemia. Each peptide sequence of fermented goat milk
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yogurt composed of 16 amino acids where the My less than 3 kDa was identified as
LYQEPVLGPVRGPFPI, YQEPVLGPVRGPFPIL and VQSWMHQPPQT
respectively (Mahdi et al., 2018).

Hydrolysis using neutral and alkaline proteases generated gdﬂkuk casein
hydrolysates with antioxidative activity and the My of five anticmve fractions
obtained was less than 1 kDa ranged between 931.47 and 524. a. These five
fractions were identified using nano-electrospray ionisatio mlr-time-of-ﬂight-
tandem MS and each amino acid sequence was as follow al-T. r-w Phe-Gly-
Gly-Met-Ala-His, Phe-Pro-Tyr-Cys-Ala-Pro, Tyr-Va -Glu-Pro-P a'ld - Pro-
Pro-Tyr-Glu-Thr-Tyr, respectively (Li et al., 2?. e% ion of p@'ﬁaes from

r due rese

r@‘ hydrophilic

whey proteins were rather amphiphilic in u
residues such as Lys, Asp, Glu, and %cattered g th@*ptldes with other

hydrophobic residues (Zou et al., In ad | the possible reason for
antioxidant peptides was becau%/drop%obic mino re3|dues including Phe,
Pro, Gly, and Ala, position f Pro, Val, e res in the N- or C-terminal, as
well as His remdues% -term lal |'c| the sequences which trigger
antioxidant peptlde nteract aci d improved the capturing ability for
lipid free radic (L| al., &

S

. L%

rough LAB |dent|f|@ﬁ all four LAB were identified as L. plantarum, L.

p |, L. plantarum and E. faecium for LAB strains of WG2, Pk2, S1 and Bdz2,
Q ctively. These four LABs successfully generated whey buffalo milk with
ntioxidative activity. The fermentation of buffalo milk with either or E. faecium Bd2

and L. plantarum WG2 by preculturing approach successfully generated whey with high
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antioxidant activity by ferrous chelation as preventive antioxidants with the FICA of
84.45 % (v/v) at 48 h fermentation with 1Cso value of 0.37 mg/ml and 78.22 %vﬂ
24 h fermentation with 1Cso value of 0.39 mg/ml, respectively. C}
Separation of peptides of whey buffalo milk revealed antio e peptide
fractions in bands formation by size of My between 150 and 50 kDa\@nd between 20

and 10 kDa. Further study can be done to identify these antio 'dMeptide fractions
z a

because instead of probability of B-lactoglobulin and la slantioxidant, the

possibility of other antioxidative peptides or novel findi uld eWed so that
X

the next new findings could provide other alternativ: hoose hat a‘ti@ant to

be implemented in food, feed, and pharmaceutigals stries.d \,Y-

%
Oe
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