CHAPTER 3 Yv
SCREENING OF LACTIC ACID BACTERIA FOR PROTEOLY@D

ANTIOXIDATIVE ACTIVITIES IN SKIMMED MIA

3.1  Introduction
Lactic acid bacteria (LAB) are Gram-positive and tazve apaerobe bacteria

that convert lactose into lactic acid as the main product koe ,Whe LABs
“AX

cies seem e've_(%‘apted

wiw sanq%'teins for

were found about three billion years ago and some LA

to both anaerobic and aerobic life conditions,

respiration, and several enzymes involved i

In general, LAB lives in nature, these m;}
isolated from plants, animals, and ﬁﬁmon@y

Henning et al., 2015; Husain e

Recognised as Safe or GR esu dat start@tures in most fermented food

products especially in mi ucts (Widy. ut|e®2014).
od] £

Each specie &AB i
the suitable LAéi a

wn

most import roup of micro i rC-sjcaat have been used in food fermentation and
NN
pharma% industries ‘yvell in special dietary applications (Liu et al., 2014).

Oneg& unique characteris@’f LAB is proteolytic activity in which they are able

t \)Iyse protein into peptides with bioactivity (Abubakr et al., 2012a). The

G olytic system of LAB consists of three major components which are the cell-wall
0

und proteinase, the peptidases, and the peptide transporters. These three proteolytic

systems of LAB convert large proteins into small peptide fractions and/ or to amino



acids, which is crucial for bacterial growth, provide flavour to fermented foods (such as
in cheese making), and generate bioactive peptides with numerous physi I
functionality (Broadbent & Steele, 2007; Korhonen & Pihlanto, 2006; Liu @}010).
There are several ways to determine LAB with proteolytic activity suﬂ%sing spot
cultivation, and well-diffusion tests with selective media (using skierilk media)
(Moslehishad et al., 2017). The proteolytic activity of LA W determined by
measuring the clear zone area around skimmed milk m %

r ce[tain incubation

conditions (Abubakr et al., 2012a; Moslehishad et al., 20%%; Paili ewl; Phyu et
®

I_ST

ge in'’s w@ncluding

icals,@:azsbakr et al.,

2012a). In fact, butylated hydroxyla hy@&ytoluene (BHT),

al., 2015).

Antioxidants prevent or delay oxidati

and tert-butyl hydroquinone (TBH 1 j(;foods are commercial

N
t;éa)uld have negative effect

&
towards human health (Ra x i xidants may be effective at
very low concentratior%;n i

(Sarkar & Ghoshﬁk Natu[ i ides generated from various natural
cludi

osage may result in intoxication

protein sourcesd,K g ; yolléé'{d beans have been reported by several
fee epuc

researchers peptides su€|lyb(a'rg hydrolysed using pepsin, and pacreatin
% NN
enzyme generate antioxidative peptides (Carrasco-Castilla et al., 2012; Liu et al.,
Y-
2016;,Yusr & Howell, 2015), 5
N
\Determination of antioxidant activity can be measured via different approaches
ntkeach antioxidant assay depends on the principle of the analysis, and type of samples.
ethods such as scavenging of 1,1-diphenyl-2-picrylhydrazyl (DPPH) free radical

activity, and ferrous ions chelating activity (FICA) assay are the two most commonly
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used assay methods. The DPPH radical scavenging assay is a stable free radical, and
the method to evaluate the antioxidant property that scavenge free radicals is con?l‘!d
as easy, rapid, and sensitive (Nandhini et al., 2012). Furthermore, in FIC@, the
sample with antioxidant activity competes with ferrous ions mig?’f&mpate in
hydroxyl-radical-generating Fenton reactions (Bamdad et al., 2017; IWOlB).

Milk and derived dairy products are considered as the_most'eomplete food for
mammals. Milk protein either derived from whole mil X:raftions, or whey

proteins can be one of the sources of many bioactive component inWbiologicaI
®

active peptides (Davoodi et al., 2016; Hseih et al., . The/bioac VQ p@es in
milk are latent and remain inactive in the origi ary str of n{t‘iﬁa protein

(Korhonen & Pihlanto 2006; Minervini et aI% arloi& ; 2015@@% peptides

can be released by proteolysis during F]Dstinal transi ige@% enzyme), during

food processing either by fermentat proteo \sta ter y@rres, or using enzymes

derived from mlcroorganlsms, 4 an(f‘ lan e bioactive peptides are

released, these peptides are Iet nc trm@nal cardiovascular, immune,

endocrine, and nervou (Kor ln “F‘H@o 2003). Fermentation of milk

with LAB were reperted to ;‘r omp that have antioxidative activities

(Abubakr et aI, 01 'orle.(zéft‘b Virtanen et al., 2007), however, were

dependable LA st‘ral ; €nd@o directly connected to fermentation time
Y

& viously, whey gen@ﬂ from fermented skimmed milk inoculated with

L% illus brevis (L. brevis) OK5 (isolated from wara), and L. plantarum (isolated

(V|rtan et al® 2007)'

ik,

Q grape) obtained high DPPH radical scavenging activity after 24 h fermentation
nd 72 h fermentation, respectively (Abubakr et al., 2012a; Osuntoki & Korie, 2010)

indicating have potential antioxidant peptides (Abubakr et al., 2012a). Furthermore,
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Lim (2013) reported that the FICA of yogurt and soya yogurt were ranged from 40.2
and 62.0 % (L. casei PCO5 and L. acidophilus PC16 as starter culture) after elgw
storage. These indicated that protein hydrolyse by proteolytic LAB have \!atlve

activity. ‘\

Selection of LAB with proteolytic activity is crucial in Q to apply for

generating bioactive antioxidative peptides properties from se not all LAB
are able to hydrolyse protein into peptides (Abubakr et al’ u et aI 2015).
Therefore, the purpose of this study was to isolate LA m di fe d sources
and screen for its proteolytic activity. Isolates that o d strong p o,yt |V|ty
were further evaluated for their antioxidative activi i e rad{c¥~ activity,
and FICA assays in whey generated from 1 milk@'mv;ed with the

isolated LAB.

3.2 Materials and Method%
3.2.1 Microorganisms arﬂ%
Twenty-five L%

u

isol t£ fr Ibc&&rmented foods (seven isolates),
fruits (eleven isolates), milk an(i duct |solates) and soil (one isolate) were
obtained from ere plac lay5| Ie 3.1). Prior to isolation, ten grammes
of each sam I as add to 9 If) ]d/}%?eptone water in a stomacher bag. Next, the
sample a d using sts&cher (Stomacher® 400 Circular Seward) and
LA each sample was tt@s’olated in serial dilutions. After that, an appropriate

Hution of 0.1 ml was spread plated on de Man, Rogosa and Sharpe (MRS) agar

id CMO0361) plates containing 0.8 % calcium carbonate (CaCO3).
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Table 3.1: Isolation of Lactic Acid Bacteria from Different Sample Sources
Source Sample LAB code
Fermented foods Belacan Bc

Budu Bd1, Bd2
Pekasam Pk1, Pk&\

Tempoyak Ty
Fruits Banana Bnl, W Bn3,
4
Black grape g&,
Dates
Durian
Pineapple l

Watery rose guava \Ij\i; .\(;d
White grape 1, * W

Milk and Milk Products Buffalo milk B ' c}‘
Cow milk C |

Cultured drink I\, W2
\,‘T

Goat milk Y" \
Homemade yogurt ' u\ g !\T

Soil Soil . TR
g, &

All agar plates were incubat@?erobic \m\% a g@ﬂar at 37 °C for 48 h.

I

N

Each of the isolates was tested f%se bf‘plac dropg.f)l5 % hydrogen peroxide
&
of

[
(H203) solution on the cells Imﬁatl:‘ n les indicated the presence of

catalase in the cells. T)% whichiwere nlil e@ase-negative were Gram-stained,
s 2
d.using Nik

and the morphology®was obser, &l,croscope (Nikon Eclipse 80i). All

LAB isolates were purified
¢

incubated at 3%or2 h. Prigr
S N -
was su% at least }nes («@)‘ v/v) in MRS broth (Oxoid, CM0359) at 24 h

T
intervalSyKheadr, 2006). Tw@ﬂmercial LABs of L. plantarum ATCC 8014, and L.

Iated("éd MRS slant agar as a stock culture, and
|

0 b%?r%ing of further analysis, each bacterial strain

c \yTCC 393 were used as positive control species.
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3.2.2 Proteolytic Activity of Lactic Acid Bacteria on Skimmed Milk Agar

The skimmed milk agar (SMA) was prepared according to Pailin et al., )

o

with some modification. Twenty-five grammes of skimmed milk po d\xoi

thoroughly and autoclaved at 110 °C for 10 min. Likewise, 500 of 2.5 % agar
solution was prepared and autoclaved at 121 °C for 15 min. Qowtures were held
in a water bath at 50 °C. The skimmed milk solution was into the agar solution

bottle and mixed thoroughly and, were then quickly red t eWto plates.

. | | iy
Proteolytic activity of LAB was evaluated using SM incubated at'37 °&¢g 48 h
in an anaerobic environment followed by cooling,in”a refriE; at 4\°:&~for 3 d.

NG

Protein hydrolysis by LAB was observew gh ﬂ\e p uctio@gzzlear zones

surrounding a single isolate. Duplic\%@ were co ted,@? all results were
averaged and reported as diameter i(ms. \T ,<\
@ S
7] %
tati

3.2.3 Preparation of Pre m an Wt&éﬁ%kimmed Milk
3.2.3.1 Fermentation @:d Mw‘ﬁe@d Lactic Acid Bacteria
Each LABs 'N&Was"n \;‘te int éﬁ}]l
for 24 h. Initial@v/v) ltureé?inoculated into sterilised skimmed milk
% ¢

(sterilised at for 10 min ne' in@cbaed at 37 °C for 24 h to generate precultured
%v Y
LAB. r that, Zf/M of theg precultured were propagated into pasteurised

Yh
skir@%ﬁ (pasteurised at @’8‘ for 30 min), and pasteurised skimmed milk without

Xeria as a control experiment, before incubating at 37 °C for 24 h. The

t
@ entation of skimmed milk by the LAB was carried out in a triplicate experiment

Abubakr et al., 2012a).

| MRS broth and incubated at 37 °C
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3.2.3.2 Preparation of Whey Skimmed Milk
The whey skimmed milk was prepared following the method descri

Virtanen et al. (2007). Aliquots of fermented skimmed milk prepared as %\Ded in
Section 3.2.3.1 were collected, and the pH of fermented skimmed mil justed to
4.6 with 1M HCI. Next, the suspension was harvested by centrifugm 10,000 x g
for 20 min at 4 °C (Centrifuge Combi-514R, Korea). The non-h ysed casein was
removed, and the supernatant was filtered using 0.45 pm mptre Corp, USA).
The whey skimmed milk (filtrate) was further analyse anti iW\:ity using
DPPH radical scavenging activity and FICA assays. pasteuris sk‘m@ milk

without bacteria was used as a control experim ot% idant ass@gf

3.2.4 Determination of Antioxida ilv'a/ of W mr@‘Milk
3.2.4.1 Scavenging of 1,1-Dipheny€§5icrylhyaﬁ\yl$re @}ical Activity

N
(Q‘E‘bH) radical scavenging
&

2/ R

Determination of 1,1-di

W
Iu{i0$®004 % W/v) in 95 % ethanol was

activity of whey skimmed
method with modificat&,sz the DRPH 3P
&
prepared and two mﬁq{he DP, m on w. ded to 2 ml of whey skimmed milk

prepared in Sec 'n&&s.z. e mi@ was vortexed and incubated for 30 min

|

¢

in a dark pIE: room temper ré’(2i§8. The optical density (OD) of each mixture
edat

to Son and Lewis (2002)

)
i)
I

Y
was measu 517 jpg a vi,x;\ible spectrophotometer (Varian Cary 50 Conc).

Ethmp&as used as blank, v@the DPPH solution in ethanol served as a control

e \ient. The ascorbic acid (Sigma, Germany) at a concentration 0.02 mg/ml was
sed as a positive control experiment and for standard curves assay. The antioxidant

ctivity was expressed as a percentage of DPPH activity using the following equation.
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DPPH scavenging = @bsorbance (As17) of blank - Absorbance (Asi7) of sample x 100
activity (100%) L Absorbance(As17) of blank

X

3.2.4.2 Ferrous lon Chelating Activity i’)
The ferrous ion chelating activity or FICA of whey skimmed Wi nerated by
LAB was evaluated using the Decker and Welch (1990) method V\h&::ation. One
ml of whey skimmed milk was mixed in 3.7 ml of distille ateror to analysis, 0.1
ml of 2 mM ferrous chloride (Sigma Aldrich) was ad he mi t after 3
min the mixture was added with 0.2 ml of 5 mM féfrozine (Sigma A rli:h) ag'was

vigorously shaken before leaving at room temperat 25 °C}f r 10/min. Qhe OD of

the reaction mixture was measured at Ass; nm usigawsi troph Yi'eter (Varian

Cary 50 Conc). A blank without sample %are i

of ethylenediaminetetraacetic acid (EDTA hee{

protéeol and 0.1 mg/ml
anrison. The chelating

capacity was calculated as a percentage<tsing the fol Wln%gamula.

S N

Fe?* chelating = JAbsorbance (Ase2) of blank — Absorbance (Asez) of samplax 100
activity (100%) Absorbance (Ase27) of blank

3.25 Statlstlca@

N
The p tl%r JLAEfpgﬁ} SMA and antioxidant activity of whey
skimmed th D?Fyn F g assays were presented as mean * standard
deviat %verage re dlngs Mere statistically analysed using one-way and two-

alysis of variance (AN&A) using Minitab version 16 (Germany). Correlation

y5|s for antioxidant activity of whey skimmed milk generated by LAB was done
ng Pearson correlation between DPPH and FICA methods. The p-value (P<0.05)

were considered statistically significant.
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3.3  Results

3.3.1 Characteristics of Lactic Acid Bacteria Isolates
Twenty-five LABs isolated from different sources obtained cl@s on

modified MRS-CaCOs agar, catalase negative, and Gram-positive we@*idered as

LAB (Aween et al., 2012). Most of the LAB isolates were rod in shapé except for the

LAB isolates of Bc, Dr, and Gt which were in cocci shape t at}glmated from goat

milk, durian, and belacan, respectively (Table 3.2). '

Table 3.2: Characteristics of Lactic Acid Bacteria ted fro
Source Sample LAB code ase ram
on i

o
Fermented foods Belacan Bc q - Vfcm
Budu Bdlw - + éort rod in
5 4« pairs
Rod in pairs
& b Rod in pairs
Pekasam Pk1 \ AN Short rod
% - l\+ Short rod in
& (,} pairs
Tempoyak y qa Q- Short rod
Fruits Banana \ Bnl } j - AW* Rod
n AN Short rod
Short rod
Rod

O W
55
%
Co -
+ + + + + A+ + [+

Rod in cluster

Rod
r - Cocci
%e Q Pn 5 - Short rod
Wa RG /. - Short rod in
l b cluster
i b 4 wggp - + Rod
MG2 - + Short rod
Milk and Mi {\hf - + Short rod
Produc %
Cow milk \,T Cw - + Rod
Cultured drinl\C-) Vil - + Rod in cluster
\ Vi2 - + Short rod in
pairs
Goat milk Gt - + Cocci
Homemade Yg - + Rod
yogurt
il Soil N| - + Short rod
Commercial Control L. plantarum ATCC 8014 - + Rod
L. casei ATCC 393 - + Rod

Notes: (+) positive; and (-) negative reactions
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3.3.2 Proteolytic Activity of Lactic Acid Bacteria Isolates

The example of LAB isolates with proteolytic activity obtained clear h?!m
SMA plates (Figure 3.1). Results found that ten LAB isolates including tw@rcial
LABs were found to be proteolytic LAB. Good proteolytic activity W#égvved from

6 out of 10 isolates where the clear halos surrounding the colonies w% greater than 6

mm in diameter on SMA (Abubakr et al., 2012a).

Clear halos b '

ndicating Proteolytic Activity

of LQEIEI!oIates on Skimmed Milk Agar

c'\(Q)“ameter of clear zone (mm)

6.3+ 0.35°
6.0 + 0.00%
14.5 + 0.712
7.3+ 1.06°
3.5+0.71¢
4.0 + 0.00%

\ Dt 4.0 +0.00%
WG2 12,5+ 0.71
0 Yg 4.0 +0.00%

Sl 8.0 + 0.00°

Notes: Means within column with different lowercase letters indicate significant differences
(P<0.05) between LAB isolates
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There was a significant difference (P<0.05) on the proteolytic activity of LAB
between the isolates and both two commercial LABs of L. plantarum ATCC BW
L. casei ATCC 393. Isolates of Bd2, Pk2, WG2, and SI, found high clear@ﬁ\hich
were 14.5 mm, 7.3 mm, 12.5 mm, and 8.0 mm, respectively. HoweVver;"bgth control
species of L. plantarum ATCC 8014 and L. casei ATCC 393 found clear halos with 6.3
mm and 6.0 mm, respectively (Table 3.3). All the ten L Mes were further

screened for their ability to hydrolyse milk into peptides iclative activity in

24 h fermentation of skimmed milk. .\d
g, 4

produced by LAB isolates in desce
%), WG2 (12.82 %), and Pk2 (w% i
budu, white grape, and pe %e i
whey skimmed milk
significantly (P<0.

values of scav$ [

(P<0.05) lo %‘1 as rb‘ikid{ ) (Data not shown in Figure 3.2). Other

DPPH % al scavengi ‘g activ@of whey skimmed milk by LAB isolates in the
T

desm&g order were isolate I]I?j@.58 %), control L. plantarum ATCC 8014 (6.13 %),
N

i%&n (5.26%), isolate Yg (5.15 %), and isolate WG2 (4.40 %).
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L. plantarum L. casei Bn2 BG Dt WG2 Yg Sl
ATCC 8014 ATCC 393

DPPH Scavenging Activity (%)

LAB Isolates

Figure 3.2: Antioxidant Activity of Whey Ski il
Radical Scavengi ity A

5

3.3.3.2 Ferrous Chelating Actlwty of klmmed

k{%@ﬂﬂed b@bPH Free

&

k

The four highest reducmg C y of i e@llk produced by LAB

5
isolates were also displayed b\ tes S1 4 33 ),“Bd@ﬁ 81 %), WG2 (78.61 %),
and PK2 (82.71%) (Flgure mlla tot PPH radlcal scavenging activity.

l
The ferrous chelatlng%y of v&h I}m |Ik fermented by L. plantarum
ATCC 8014 (co ;Q@ spe(*es) d sig antly (P<0.05) the highest (86.95 %).

However, all f chel tlng

F |
|fy of@)\ey skimmed milk produced by LAB were
“

3|gn|f|cant < 5) I ’we?ha cor@rual antioxidant, EDTA (97.77 %) (Data not

d the@us chelating activity of whey skimmed milk in

| s«ka 2%
thl\ ranged between 56.&? and 86.95 % (Figure 3.3).
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Figure 3.3: Antioxidant Activity of Whey kl% M% in NICA Assay

e
\3 o)
3.4  Discussion A
>\?1 K
Lactic acid bacteria (LAB despread in atur@ have been used in food
ion o

q
fermentation especially in pro ducts.t%émechu, 2015). One of the

\
LABs characteristics c the %ility to hydgolyse ﬁein into peptides which have
ctiviti

_— s
numerous biological

K ng.antioxidative peptides. The ability of LABs to
hydrolyse milk in into
onto the SM asuring

I &mdy,:e ht es with proteolytic activities were found in

is
. 2{* _ ’ .
dlffereE sources which were from}?:al fermented foods (Pk2, Bd2), fruits (Bn2, WG2,

, Bt), yogurt (Yg), and soila). The highest clear zone on SMA was found in isolate

can @ermined by spotting the LAB culture

lg:!r Zbrie (Pailin et al., 2001).

Sy

J;

with the clear zone of 14.5 mm in diameter followed by isolate WG2 with the clear
Qme of 12.5 mm in diameter. Previously, a study reported that the isolated LABs from
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fruits were able to hydrolyse milk protein with the clear zone ranged between 2.0 and

10.0 mm (Abubakr et al., 2012a; Maryam & Wedad, 2017) in diameter.

Previously, Phyu et al. (2015) reported a high clear inhibition z@L

(between 11 and 26 mm) of at incubation time of 24, 48, and 72 h. est clear
inhibition zone was obtained by isolate L9 (26 mm) for 72 h incubamne followed
by isolate L1 (25 mm) at 48 h incubation (both were incubated at C). Cultivation
of LAB in MRS broth at 37 °C at different hours may al &n-t tter proteolytic

activity of LAB compared to this study (at 48 h). It w und hMB culture
®

ive than 2 Me\i@ﬁyl'ess,

wered f te@ at 24 h
fermentation of skimmed milk to produ \ilk v@fg\.ntioxidative
activity. \%

The percentage of DPPH fre%al sc@!?ggcti ig@f whey skimmed milk
by isolates LAB obtained Were‘% .25 2@ (Figure 3.2) and lower
than previous studies (Abu }I., 2 ; ntokéékorle 2010; Uugantsetseg &
Batjargal., 2014; th%bk', 20 (I). f'acs}ﬂe scavenging activity of whey

broth of both 48 and 72 h incubation times were more

all eight proteolytic LABs obtained in thi

Q

£
skimmed milk to D varied speggased in the fermentation. Previously,
ngantsetseg and B rgal 'eporleijﬁ\‘we highest antioxidant activity of whey
skimmed men d W fé’rm@ct% with Leuconostoc mesenteroides (Leu.
NN

mesenteroides)vssp. €r }Stl’al ollowed by L. acidophilus ATCC 4356. The

sca\m activity of whey s’@h’nmed milk by LAB isolated from a traditional

an fermented milk called an airag ranged between 3.98 and 27.79 %. However,

Q cavenging activity value of whey fermented milk with lactobacilli isolated from
i

gerian fermented foods ranged from 2.8 % to 31.5 % for 24 h fermentation (Osuntoki

& Korie, 2010).
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A similar study was done by Abubakr et al. (2012a) regarding DPPH free radical
scavenging activity of skimmed milk fermented (24 h) by isolates LAB from frui
findings obtained that DPPH free radical scavenging activity were highe@nged
between 14.7 and 48.9 %. The scavenging activity of milk protein hydegd by LAB
of fermented skimmed milk increased with increament of fermentationgime and was in
line with a previous study (Virtanen et al., 2007). Even thou hwen et al. (2007)
evaluated radical scavenging activity using ABTS assay, th Qg;:a'/enging concept

in both assays is the slightly similar. DPPH assay sed o‘hsl{rdne radical

"X
wever, AB a‘s@wate

iI% i nts;@r'ns. The
dep\etio in sné\%};hotometric

measurements of DPPH and ABTS %Dere 517 nd é"nm, respectively
(Olszowy & Dawidowicz, 2018). (’) \? ,(‘N

N
Several factors may infh%bPPl—f‘free ical (;:,g?enging activity of whey

skimmed milk. These inclﬂghro?r S trairgééd to boost the fermentation
rme 0

process, fermentation% ntation mﬂem@e, and pH of the environment
s

'3
fermentation. In )@ma@ gh a@aﬁve activity, it was found that a

mixture cultureQ sei, idophilus;~and Bifidobacterium bufidus (B. bufidus)
¢
need to reac &mth ment ioﬂ’,ow I the pH reach up to 4.6. Meanwhile, yogurt
Q Y
making% mixtl treptqi\occus thermophilus (S. thermophilus), and L.
_ L o |
delb, i ssp. bulgaricus Wermentatlon) drastically increased DPPH radical

% ing activity up to 52.44 % compared to fermentation with a single species.
r

scavenging activity in hydrophobic antioxidant syste

better reflection radical scavenging activity in

wavelength used to monitor coloured %

=

wn

tunately, after three days of storage at 4 °C, the DPPH radical scavenging activity

dﬂ:reased to 39.43 % (Gjorgievski et al., 2014). Although the scavenging activity of



whey skimmed milk by LAB in this present study was lower than previously but is still
considered to have a potential act as antioxidant. Yv

Several methods are usually required to evaluate antioxidant activities” of a
sample to determine the antioxidant capacity in parallel relationship. &;d.on Figure
3.3, it was shown that the FICA of whey skimmed milk were more th&b.'oo % (56.02
and 86.95 %) after 24 h fermentation by isolates LAB. The hig ewowest (P<0.05)
FICA were obtained from whey skimmed milk fermented kr:a um ATCC 8014

(86.95 %) and isolate Bn2 (isolated from banana) (56.02,%). rw Liu et al
®

(2005a) reported that the percentage of FICA of milk oya milk fer eﬁte kefir
grain were 25.89 % and 12.90 % (at the conce i 0 mgf pecﬂ@g/, during
24 h fermentation which similar to the fermn&n i '\'this pég:study. The
K, as@‘fas cow and goat
@e and 57.00 % after

N
. quw@r, these studies did not

&
determine the specific bacterial Species 4 kefir @possess proteolytic activity
produce bioactive pep% ertaithhe f'flr O@in several cultures which cause
s

the FICA lower t:%ispreser't \d'y\ %(J
The FIC&f ey ski i
by fermenta % :
of Whe% d
vady

pla 1 isolated from red @é) were 76.00 % and 97.60 %, respectively (Abubakr

FICA percentage of 4.0 mg/ml of ste co@and goat

fermentation at 20°C for 20 i al., 2005

A Tl
exa Ie,:fer@s atian at 37°C for 24 h, the FICA percentage

@D
n

NN
e ?nted tﬁ_ plantarum ATCC 8014 and isolated Gr4 (L.

e%! 12a). However, when the fermentation process was extended up to 72 h, the
d percentage of the whey skimmed milk decreased until 54.00 % and 59.30 %,
spectively. This was associated to the limited subtrate in the batch fermentation

process in the experiment.
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Antioxidant activity of fermented soya bean by fungal species were reported by
Lin et al. (2006) and Sitanggang et. al. (2020), respectively. Using FICA tecw!,
antioxidant activity of koji (made from fermented soya bean) with fungi@%&;illus
sojae (A. sojae) BCRC 30103, Actinomucor taiwanensis (A. taiwanensis); Rhizopus
sp. at the concentration of 10 mg/ml obtained up to 84.00 % after 3 d ermentation.

Furthermore, Guan et al. (2016) used Actinomucor elegans DC -Mment okara and

found a gradual increment in antioxidant activities at h, .48 h, and 60 h

fermentation time as indicated by the enhanced FICA actiwity. ur.mg{rdsolid-state

®
fermentation model, isoflavones-derived compounds, | molegula ei‘;h@ides,
and amino acids might be produced and coul ce the'anti dant\ayi'vities of

fermented okara. \, é\‘r
During milk and soya bean fe ntaa' n, prot re @mysed to several

el
peptides by microorganisms thro@bjroteoly &ity 'I;nese peptides mostly

N
possess bioactivity functions %ﬂg antioxidant pra@ies (Shu et al., 2018;

&
Tagliazucchi et al., 2019; qua e ‘j[ . For exa@s, peptide antioxidants from
INY

milk whey protein in% A e{rexb’ived from a-lactoalbumin, and
d &

LAFNPTQLEGQ,(@e derilv B-Ia%&g]!obulin (Correa et al., 2014; Mann et

al., 2015). H% di moo@ﬁsm species (Abubakr et al., 20123,

!

¢

Embiriekah &))16; ugan etég é‘B?itjargal,ZOM) might hydrolyse protein with
% Y

differen echanisngs,._di frent %ditions, and fermentation time. Longer

ferrmﬁon time decreased @6 xidant activity of peptide antioxidants in batch
N

f%\emﬁon model (Abubakr et al., 2012a; Virtanen et al., 2007) but the highest
ntiexi

dant activities of peptide antioxidant from fermented okara were achieved using

olid-state fermentation model (Rashad et al., 2011; Sitanggang et. al. 2020). Thus, the
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peptide antioxidant activity was greatly associated with the type of fermentation model
in the conducted experiment. Yv

Pearson correlation coefficient (r) was applied to express the relatio@}]d/or
direction of the proteolytic activity of LAB and antioxidant activity"sNo direct
relationship (r=0.067) between the diameter of milk hydrolysis of LA&@Tates on SMA
and the ability of LAB to produce high or low antioxidant percentage for DPPH
scavenging activity and FICA. Furthermore, there was rl?;)s"tive correlation
(r=0.973) for antioxidant activity of whey skimmed mi nera d\)y\Lé between

g
jvity using FICA vl@’righer
ce wi kr el\%r (2012a).

DPPH and FICA methods. However, the antioxidan

than the DPPH scavenging activity and was in

Indeed, the DPPH is a stable f

=

thﬁt has, been ly used for

assessment of radical scavenging w When r@g an antioxidant

compound (test sample), or other ;%—donatm %an ,@‘ainly hydrogen ions),
N
the absorbance is reduced and %arang‘e of deep vio@. olour fades because the

&
DPPH radical is scavenge%mtrali, y sted@le (Kedare & Singh, 2011).
However, in FICA m%t

radicals to generat &dation f

whey skimmed gilk Gentaini

nsitionfof frge fem@ ions promotes reaction of free

s
£

u%bydroxyl radicals). With addition of
xida{(/&(operties, free ferrous ions are chelated,

rous ion-ferr 'ne;clocjmx concentration to form colorless complex.
Thusf'EIC ?etermﬁl?the total ion ferrous-ferrozine complex binding
(by inhibiting pro@bn of hydroxyl radicals) compared to DPPH assay
Neasure the radical scavenge activity (by producing of non-radical DPPH-H)

h cause FICA amount is higher than DPPH.

&
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3.5 Conclusion

From this study, it can be concluded that LABs could hydrolyse skimmw
into bioactive peptides which exhibited antioxidant activity within 24 h f@tion.
Peptide antioxidants were also successfully hydrolysed from whey sm milk by
isolates LABs. The peptides fermented by four isolates LAB namely isglates Bd2, Pk2,

WG2, and S1 for 24 h fermentation obtained amongt the (&Nest antioxidant
i an

activity using both DPPH and FICA. Thus, these peptide ts'from fermented

whey skimmed milk have a potent to be a good ry s pw into food

formulations or nutraceuticals in the future resear® J ' _\"‘}
’ b4
N ANNIR;
SN
N @)
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