CHAPTER 2

LITERATURE REVIEW %\
-
Y‘

2.1  Lactic Acid Bacteria
2.1.1 Characteristics of Lactic Acid Bacteria

Lactic acid bacteria (LAB) are Gram-positive bac melrng to a number
of diverse genera including Lactococcus, Streptococc euco oncoccus

Aerococcus, Carnobacterium, Enterococcus, coccu T r:’g @ccus
Vagococcus, Weisella and Lactobacillus (Axels 4). Th% on QQJ%'cterlstlcs
of these bacteria are nonspore forming, & coCei, or ro shape with
nonaerobic habit but aerotolerant that )@ty to me e Ia@e sugar into lactic

acid during fermentation of carbo@gstes S Wr e q@'oduct (Halasz, 2009)
S

(Figure 2.1). ‘% “
&
> %;j Q

Figure 2.1: Morphology of Lactic Acid Bacteria in Cocci and Rod Shapes



The first pure culture of a LAB previously named “Bacterium lactis” was
obtained by Joseph Lister in 1873 ten years after Louis Pasteur studied Iaw
fermentation. First monograph of LAB established by Orla-Jensen in 191@great
impact on the systematic development of LAB had been used unti Konig &
Frohlich, 2009). According to Orla-Jensen’s monograph, the point shm considered

to classify LAB are the morphology (cocci or rods, tet;%d ation), glucose

fermentation mode (homo- or heterofermentative), gr certain “cardinal”

temperatures (e.g: 10 °C and 45 °C), and lactic acid p tion OW, or both)
Yw
(Khalid, 2011; Okano et al., 2009). [ _\C}
The morphology of LAB varies from nder fo occj\ﬁr structure

which frequently form chains or in tetrad&ormation (Khah 201J,é\2'~he mode of
glucose fermentation by LAB was baséehon taasole end ct cose called lactic

acid or lactate. The homofermentﬁ;sspecies \DQ\g P @ lactic acid (< 85%)
N

o>

produce Iac@cid, carbon dioxide, and
&
ethanol/acetate as their sole.end produ onig & Fr@‘@ch, 2009). Not all genera of
LAB are able to grow% e te ;r.m}a.' S'e& LABs have their own optimum
T.

m

s ¢ &
temperature grov&&% as ai 5,0 %ﬁﬁl °C (Carr et al., 2002). The other
characteristics w ify t

al isgmers IaEtic(a/c' which are L(+)-lactic acid and D(-)-lactic

while the heterofermentative speei LA

l of I(Ji)%/are isomer forms of lactic acid which

consist of %i
\
acid bul% cases’mix ?of Dh&-‘\actic acid (Okano et al., 2009). Then, researchers

addw&r characteristics of @v’should be considered to classify LAB such as ability
%to grow at high salt concentrations and acid/alkaline tolerance, but these four
@ cteristics studied by Orla-Jensen are still very important and fundamental for LAB
assification. After that, the core of LAB represented for four genera; Lactobacillus,

Leuconostoc, Pediococcus, and Streptococcus (Khalid, 2011).
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2.1.2 Source of Lactic Acid Bacteria

The LABs are ubiquitous in nature and their presence are generally frorw!(
such fruits and vegetables, animals, and other sources (Table 2.1). For e@, 205
and 496 LAB strains were successfully isolated from fruits and vegetatﬂ'e;g;pectlvely

(AbuBakr et al., 2012b; Trias et al., 2008). Previously, 75 LAB strains were isolated

from meats (lamb, beef, and pig) and numerous LAB dominateq with'. plantarum were
0

isolated from various samples of fish and prawn (Jones et ; Nair & Surendran,

lococ cheus, and
AN

Lactobacillus curvatus were also successfully isolat m Polygo ,niz@'eaves

2005). In fact, three LABs identified as L. lactis,

(Malaysian local herbs) using 16S rDNA gen _Dased et Bar an et al.,

2012). o\ T

In general, foods consist of a nd ce of LABs#A to@?f 41 LAB strains

were successfully isolated from foo pI inc %w at; frU|t vegetables, and
\

herbs collected from Stillwater maﬁ(;enm gépal ., 2015). Furthermore,

Pundir et al. (2013) repor 261 rains @ successfully isolated from

%

vegetables, fruits, and eat foods co ecl‘é Ambala, Haryana. Besides, 32
4

LAB strains were essfullyll \red rom y produced in Malaysia, Libya, and

&

¢ (,)(J

Indﬁ! LABs were nat I n in nature but may also abundantly available

in the rr%

(Ch 2013), fermented c@}frwts (Husain et al., 2017), fermented milk products

Saudi Arabia ( ee

ented gu Korean fermented vegetables known as Kimchi

I|k urt, Laban and Dahi (Ali, 2011; Chammas et al., 2006; Harun-ur-Rashid et al.,
Moreover, the LABs can also be found in a sourdough because these bacteria
ere responsible for the rheology, flavour, and nutritional properties of sourdough-
based baked products (Gobbetti et al., 2005; Manini et al., 2014). Other than that, the
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LABs were discovered in other sources such as in soils

reported that 14 LAB strains were found from local M

strains were successfully isolated from newborn baby faeces obtained frow@

Jeonju, Korea (Husain et al., 2017; Park et al., 2002).

and faeces. Previous studies

1?-8

tal at

alaysian soils while

Table 2.1: Sources of Lactic Acid Bacteria IN@:

Source Name and Part  Total of %Tgrences
LAB
Animal Meats of lamb, s et al 2008
beef and pig
Animal Fish and prawn Nair an Sur an Y \Y'
005 "3
Beef cattle 4ei|en‘gm etal., 2
rumen
Feces i V("
Fruits V °'\ é
Herbs % (<
Raw meat \
Raw milk
Vegetables ?
Bread making Sourdoug 0 I\/I | et al., 2014
Feces 14y « ., 2002
Fermented food Dahi \ Aj run-ur- Rashld etal.,
006
Fermented food ermented Chl|f Husaln etal., 2017
Fermented food % Choetal., 2013
Fermented food Lal ’ " Chammas et al., 2006
Fermented fo Yogu@ Ali, 2011
Fruits % Abubakr et al.(b), 2012
Fruits O 484 Trias et al., 2008
Vegetabl 1? ‘J C—)
Fruits (_} 26 Pundir et al., 2013
Read N
oy "v): <
e, e
Kesu @(/es 3 Baradaran et al.,2012
Wey 32 Aween et al., 2012
\S S 14 Husain et al., 2017
0 3 Benefits of Lactic Acid Bacteria

It is well-known that LABs are generally recognis

ed as safe (GRAS), and these

bacteria were already used a long time ago during an ancient time in food products
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especially as starter cultures in the making of fermented foods such as fermented
vegetables, meats, dairies products, alcoholic beverages, and have also been i
bread making to ferment dough (Carr et al., 2002). The LABs were not on f the
factors of food fermentation to succeed, but also may contribute foAge flavour,
aroma, and prolong the shelf-life of some food products (Kunene et WO).

eWnay not realise

During ancient times making varieties of foods, a

food knowledge and technology developed, scientists feund t t.he\gB may be

o% ied,@ﬁved, and

of Bsinzég;in products
i ood@mtry. These also

t}ag\_ABs whether these

in fermented foods
the years, more studies have been done and the fi

went deeper due to their uniqueness. The i

and its application has increased trem uslyy especial

increased public concern on scienﬁ'ﬁesearc xﬁ@
N

bacteria may harm or improve %!nte AB @d upgrade certain foods

to become more valuable i mmpI ealth by coming or reducing certain

diseases because of th% ial relatéd to eaith@'\efits (Soomro et al., 2002).

r&tingl

2

’ &
Some spegQABs [n M |butgd'improve nutritional value of certain
int i

foods, control inal i : im@éd digestion of lactose, control of some
¢

types of ca %d control

Y
benefits% S may.re from&owth and action of the certain LABs during

ma re of cultured foods\(ﬁéther cases, the potential benefits of LAB may result

f%\owth and action of certain LAB in the intestinal tract following ingestion of
G s containing them (Gilliland, 1990). Therefore, in order to obtain the specific
enefits of LAB, the selection of LAB strains within a given species should be selected

specifically.

sérur((/(;l?olesterol in blood levels. These potential



2.1.3.1 Proteolytic System of Lactic Acid Bacteria

In the making of fermented foods including dairy products, several meta?ﬂ
products of LAB were applied to give impact of special functions suc \Mvour
development, and in ripening process of dairy products such as in dégor yogurt
making (Kunji et al., 1996). One of the LAB metabolites is through preteolytic system.

Mes one or more

ic er'zymes, or non-

sw%oog;

According to Savijoki et al. (2006), proteo activity o AB _kﬁ}asein
ystem' 0 co@ of casein

on w\wen ing L,@ms as baseline

study. Based on structural compor& AB, the teol@ system of LAB

comprises three major component ich were und proteinase that

Proteolysis or proteolytic activity is a protein degradation that h

peptide bonds in a protein either through catalysis of p

resulted in, and came out with a model for a pro

proteolysis, transport, peptidolysis, and |ts

initiates the degradation of ex r casein |nto oligopeptides, (ii)

peptide transporters that tak?. peT into the é nd (iii) various intracellular
peptidases that degrad% ides into sh “r'pepmes and amino acids (Kunji et al.,
\" &

1996; Liu et al., 2,(&)\ l
For exaw urin i

hydrolysed oteinasg and

rme@(fﬂon, the milk proteins are commonly

sg/e? zymes of LAB that enhance the amount of
Y

free am' 0 ps agd.pe ges. 'Rie\ablllty to hydrolyse proteins may improve the
fermented foods such}é prolonging the shelf-life of cheese during storage
generate other beneficial effects of bioactive peptides (Donkor et al., 2007).

anipulating the pathways of protein and peptide degradation, the proteolytic

stem of LAB has become a great source and trending research due to their ability to

hydrolyse protein into simple peptides and amino acids for further research. These
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developments have paved the way to new, more economical, and better quality food

X
O

One of the biggest benefits of most LABs was their properties as probiotic

products (Farahani et al., 2017; Kunji et al., 1996).
2.1.3.2 Lactic Acid Bacteria as Probiotic Bacteria

bacteria. During expert consultation that was held at Cordoba na on Probiotics
\Zc th

in Food, the Food and Agriculture Organization (FA e'WorId Health

Organization (WHO) expert consultation defines probiotics as organlsms
which when administered in adequate amounts con health’ be }n _ég ost”
(FAO/WHO, 2001). The probiotic properties |cn6 ms@é able to
tolerate to acid and bile, ability to adher into eplt surfaces for
immune modulation, have antlmlcrob ag nst oge cteria as well as
are able ty to hydrolyse bile salt (K ia et aI Y

The most common mic ms ﬂsed probl avallable in the market
nowadays are from the La MS %Zc@ genera (Figure 2.2). While
other bacterial genera foundyde as probiotic also Enterococcus,

05

Streptococcus, and erichi \is\ ).
S
N s 3

L =

I: » FOS (Fructooligosaccharide) 178.2525mg
¥ Probiotics
® Lactobacillus acidophilus 8.0025 mg
® Lactobacillus rhamnosus 7.5000 mg
E\ e Bifidobacterium longum 7.5000 mg
e Bifidobacterium lactis 9.9975 mg
® Streptococcus thermophilus 9.9975 mg

0 Figure 2.2: The Examples of Probiotic LAB Species in a Health Supplement



Nonbacterial organisms such as a nonpathogenic yeast Saccharomyces boulardii
have also been used and considered as probiotics and had been applied in yogurtw
(Szajewska et al., 2006). Furthermore, the probiotic LAB can be found w@ealth
supplement, and fermented foods especially in fermented milk produc as cheese
making, cultured drinks, and yogurt. The most probiotic LABs seentin food labeling
were L. plantarum, Lactobacillus bulgaricus, and Lactobacill s%&l

Historically, in 1908, the Russian Nobel Laureat mo ist named Elie

Metchnikoff suggested that consuming large amounts o ente qucts could

prolong the life of Bulgarians. His idea created great estinther oi h&&%y gut

microbiota to improve lifestyle (Binns, 2013). ten@ |ot|r{¥'lmprove

pro@;rs to prevent

bowel disease, improve immune sysr\ lactose | ran@%alance intestinal

certain health issues are still in interest snﬂ\a} m

microbiota, exhibit antlhyperchole mic as \I'I\aga mlhertenswe effects, and
reduce diarrhoea (Ghosh et aI chaﬁla et .u20 edajo, 2015). Probiotic

bacteria may also regulat ral ro ugh %ldlrectlonal communication

I 5
network known as t}% croblogtj ' GBA). These clinical studies
bollt

suggested that the b ota arll ay affected the behaviours and brain
processes via G onS| nX|ety, depression and pain modulation
for those WI yal Ia and rllgbl@cavel syndrome (Pinto-Sanchez, 2017; Roman

etal,2 ,‘u)‘, ~$

& viously, LAB with @(otlc properties isolated from piglet faeces identified

a coccus acidilactici FT28 may have antioxidant properties when compared to

Q ontrol (without microorganisms) and L. acidophilus. By running an erythrocytic
n

tioxidant profile test, the finding suggested that supplementation of swine origin with

P. acidilactici FT28 may improve antioxidant value to combat weaning stresses in
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piglets (Dowarah et al., 2018). To date, studies on health effects of probiotics on

humans and animals are still undergoing and evolves, thus, it can be contrib?ﬁo

society in many ways. ('}

2.1.4 ldentification of Lactic Acid Bacteria Y'
Identification of LAB strains were established a long time age. It is important
to identify the strains because each LAB may have differe ~xri tics that should
be considered and, thus, allow the industry to manipulate, the Me‘rties and
ing phenotypig ard &@Yi;als
cs ofdL uch\asiz~ different

atim:‘ gas'producti Tz:notility, and

either spore or nonspore producing Mi)&/pes (Asturti Ol@‘halil and Anwar,

2016). These can be done by isolati%LAB co \les%a g‘&'l\‘ic media, characterise
N

benefits to society. Previously, identification of LA

methods which depend on the general char

carbohydrate fermentation, hetero or homo4erm

the pure culture of LAB m icall)(/‘ andybioch

&
identification technique. \ \l Q

Ily, and proceed with

$

In fact, identificati g LAB was ve'op@'many years ago and researchers
’ $ &
\'ph sticat

came out with morghselective T a é&mchniques to identify these bacteria.

For example, rw tifi \ AB(Sﬂdugh biochemical tests miniature which
¢
only using % Profile Ind (;Pltlgig such as APl 38 CHL strips, APl 20 STREP,
% "
(Khali war,@B; Lu etal., 2008; Soda et al., 2003; Suhartik et

and AP%

al., ZQAYuIiana & Dizon, 0:12;)' The principle behind each test kits was based on

t thydrate fermentation which is provided in each well and this took between 24
@ 48 h incubation time, which is faster than other chemical methods. Using these
its, the identification of LAB is more reliable with less time consuming compared to

conventional methods.



However, in microbiology field, the identification of microorganisms including
LAB should be supported with molecular biological tools which are based on
acids, and other macromolecules. The genotypic identification by nuclei ased
tools is more commonly used for the last decades because of the accura@;vfflmency
potential outcome is high provided using PCR amplification oryex situ/in situ

hybridisation either with DNA, RNA, or peptide nucleic acid rMen Amor et al.,
; 0

2007; Tilahun et al., 2018). As a result of the widesp fr’CR and DNA

sequencing, the 16S rDNA sequencing has played ital e accurate
identification of bacterial isolates and the d@ of nqvel ckr the
microbiology field (Woo et al., 2008).

In genotypic identification, usuallysuniversal ' are @for bacterial

identification include LAB. Usually, N rsal prim se@ rDNA sequence
specific primers which are 27f fo 5’- Gﬁ\liﬁﬁx @f GGCTCAG-3’) and

1492r reverse (5’-GGTTACC%QCG%\CT 39, tw@peciﬁc primers of 16S
forward -AGAGTTTQ%? T

are sed 1"1- idobﬁcation (Lawalata et al., 2011;
pic @caﬂon of LAB will then compare

€ ph pic characteristic traced using Bergey’s

CGGGAACGTATTC

Maryam & Wedad QQ).
through profile \&g ba
ﬂ ‘

ative Bact 'ole'gyc-} timate the possibility of the bacterial genus

Manual of D E
and spe% d ongas)?nced&B s genus and species (Astuti, 2016).
Yv

N
S
Q Milk is a white liquid produced by the mammary glands of mammals (Hashmi
S

aleem, 2015). It is the first most complete food for mammals that supplies all the

energy, high in nutritious property and considered as an important constituent of a

14



balanced diet needed for the proper growth and development of the neonate. For all
mammals, the consumption of milk ends at the weaning period except for humw
continue consuming milk throughout their life depending on human [@nand
(Hashmi & Saleem, 2015; Hsieh et al.,2014). The major components oﬂ&are water,
fat, lactose, and protein (Stokes et al., 2000). Furthermore, milk is'also a source of
many bioactive components in proteins, lipids, carbohyd tMtose, vitamins,
minerals, enzymes, hormones, immunoglobulins, and g torf (Hseih et al.,
2015). ‘\d
X
Each year, the world dairy market is co ly evalvin ar‘d _@milk

e reqﬁe he p@%ction of
cow milk represents 84.0 % of total worldmilk oduo\icm\lowed&mffalo (13.0
%), goat (2.2 %), sheep (1.3 %), and ca@/o) milk atic@‘Dairy Federation,
2009). These percentages were slig@ﬁhangea’%\g;&go 9 E{r\cow milk followed by

11.0 % for buffalo milk and bu%lk de‘tinand as stilliin’second place (Gerosa &

Skoet, 2012). Generally, Q}&:Idj nds, for production are whole milk
powder, cow milk che% milk,
s

’ &
products, and casein%WoﬁQ igJOlO). In the year 2014, the total milk
production had 'lcrxd u 0 conc;z%éd to 2013 and was estimated at around
\ @ l 02[
802 million The World a'n'y %tju ion, 2015).

[@X

production is consistently increasing to fulfill

NN
% g demand }milk dairy products in every year has lead scientists
tos e composition and p @mchemical of milk, the microflora existence in milk,
t itional values of milk, the health benefit contribution of milk and many more

G aches (Gakkhar et al., 2015; Stokes et al., 2000; Soliman, 2005; Mahmood &
S

man, 2010; Samarzija et al., 2012; Hashmi & Saleem, 2015; Jenkins & McGuire,

2006; Bhopale, 2016). Most milk research focuses on cow milk as a representative milk
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apparently because of a larger number of cow milk production compared to other types
of milk and can be acquired in any country (Ng-Kwai-Hang et al., 1984; Stoke 4
2000). Despite the huge difference between the world production of c@ and

buffalo milk, the percentage for the buffalo milk production has con increased

year by year (The World Dairy Situation, 2015). Q
2.2.1 Buffalo Milk z '

Domesticated buffalo or scientifically known a balu bw generally

X
0 main s spkclé}River

categorised as Asian and Mediterranean buffaloes

(Murrah group), and Swamp buffaloes that ar 0 pr% a (A@%ﬁo et al.,

fbuf@‘in Malaysia

he r'@“growing states of

1980; Pasha, 2013) (Figure 2.3). In 1998, t

was about 170, 000 and 60 % were

~
@
QD
=)
—
QD
>
~
@D
=
(1°}
>
«Q
«Q
QD
>
c
N
@D
o
QD
=
QD
=
.Q.)
>
(=]
>

(@}

@D

>

(o g

=

QD

—

D

@\(Borghese & Mazzi,
2005). The buffaloes are also r. 0 as a tripl urpo(sz?‘?\imal because it provides
leaner meat, nutritious mil mech nﬁg t ankind that offers massive
potential for the imp@f Iiv[liho (Pa@'& Hayat, 2012). Besides, the

’ $ &
buffaloes were useN{farml N ng tgwpreferred because of their efficient
'&M i

application of IQK

¢
growth, goo %qual' y as
Shibiny#£20

tead of cows, buffal@!ﬂay an important role in the milk production system
i f Asian countries including Malaysia (Pasha & Hayat, 2012). Buffalo milk is
nevof the valuable milks and has become one of the research subjects in milk and dairy

dustry because of its richness in nutrient contents with a great economic value

(Mahmood & Usman, 2010; Ng-Kwai-Hang et al., 1984; Rizgiati et al., 2015). The
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buffalo milk is pure white in colour with thick viscosity and rich in taste (Ng-Kwai-
Hang et al., 1984; Soliman, 2005). The composition of buffalo milk was similar Wr
types of milk produced by cow, goat, sheep, camel, and human milk, w@b fat,
protein, lactose, total dry matter, vitamins, and minerals but with diff rcentages

or ratios (Atanasova & lvanova, 2010; Hseih et al., 2015; Jrad et al.,"2014; Murtaz et

al., 2014; Ng-Kwai-Hang et al., 1984; Soliman, 2005). \,

\N

e MNPV
Figure 2.3: Murrah Bu@@s(og{efvat Bangi Buffalo Farm

NI
3 2
Comp@j ther milk; I;Ea'lo rﬁ&j has higher protein content than other types

of milkzgr&kj h}m n, cow, cgé'fand goat milks (Hashmi & Saleem, 2015;
4

am 10; Sag?ﬁan, 2005). Generally, milk proteins consist of

a imately 80 % casein, am 20 % whey proteins. The separation of casein and

<

Oey proteins will be accomplished through acid or rennet precipitation (O’Mahony &

X, 2014). Caseins in milk is divided into subclasses of a-, B-, and k- caseins (Mohanty

et al., 2015). In buffalo milk, almost all caseins are presented in micellar form rather

17



than submicelles. In contrast, casein micelle in cow milk were only 90 to 95 % of the
casein while the rest is presented in serum phase (Arora & Khetra, 2017, Khedk?ﬂ,
2016). Micellar casein is important because is a slow-digesting protein w \ases
the amino acids at slower rate that may contain bioactive peptide (Fek ., 2015).

Through casein precipitated, whey remained soluble in Wform after
reaching isoelectric precipitation of milk at pH 4.6 (O’Maho N, 2014). While
whey proteins in milk comprised of B-lactoglobulin, o-I m 'serum albumin,
immunoglobulins, glycomacropeptides, and other inor such as
lactoperoxidase, lysozyme and lactoferricin (Ata@ Ivangva, 0’ (&@hony
& Fox, 2014; Mohanty et al., 2015). Basic %ﬁased on
differences in electrical charge by electroph@sgsis Of in m\)lec rsize |crof|Itrat|on
and ultracentrifugation with the isoel %t of whe 5 35 (Lecoeur et

al., 2010). \
L

In the context of fat co her tal solid fat than in cow

}m &
terrr @éy separation. Whey is also
k

%

milk which the fat content coul
preferred as a by-prod ?eese makin r}a& hebbeen made through a process of
s

agglomeration of@micelf:\m{ (ng:}e,t al., 2019). To obtain a complete
separation of casgin wh ' pro “i’n buffalo milk, milk fat globules should
be removed | 4 (JC’)
Y
1)) S
Yh

2. 2 |Ik Fermentation >4
D

ermentatlon originally comes from the Latin word fervere, which was defined

G ouis Pasteur as “La vie sans I'air” which means life without air. From a biochemical
iew, fermentation was defined as a metabolic process of deriving energy from organic
compounds without the involvement of an exogenous oxidising agent (Bourdichon et

18



al., 2012). The meaning of fermentation can be simplified as a process of breaking
down larger complex molecules such as starch or sugar into smaller molecules owue
action of microorganisms such as yeast and/or bacteria under anaerob(;%&nons
(Vuppala et al., 2015; Tamime, 2002). A

Since ancient times, ancestors applied fermentation conceRi-nto foods to
preserve and prolong the shelf-life of foods. Several ferment% from traditional

to modern approaches available nowadays are based bean geta')Ie fruit, honey,

dairy, meat, fish, and tea sources (Vuppala et al., One f st popular
fermented foods is milk or dairy fermentation. m specie c’oh@'cated
mammals such as cow, buffalo, sheep, goat, and as beef aJCTadltlonal
fermented milk products. In fact, it has bee ractised by human bei roughout the
world for thousands of years ago (Ta 2) The %n archaeological
studies suggested that certain civiI|z such as Wan : lonians, Pharos, and
Indians were well advanced | ure ahd ingthe procté':flon of fermented milks.
&

They also suggested that th ft ese fermented m:}fks may have started from the

lvol {h the ages and was dependent on

Middle East and the B% d, then

the culinary skills &he mhzi vmgﬁese regions (Kroger et al., 1992;

Tamime, 2002) (J
The EE&@of fe entl n{ Ikejg;?cally is practiced for extending the shelf-life
of the ol eth@for milk preservation. Compared to fermented

of r;lkA%

mil characteristics of a(%‘dl milk are highly perishable, therefore, the main

p \oiof fermenting milk using microorganisms especially LAB species is to prolong

0 elf-life (Widyastuti et al., 2014). Historically, milk and fermented milk products
a

ve been consumed as beverages or added ingredients in making foods. But, as time

passed, a variety of fermented milks reacted such as snackers and grazers especially in

19



the dessert and confectionery categories depending on the food technologists and food
innovators in that era (Kroger et al., 1992). The combination from the previou?ﬁ‘f
ancient craft with the application of sciences (microbiology and enzymol@ysics
and engineering, and chemistry and biochemistry) produced nu types of
fermented milks that benefit the consumers (Tamime, 2002). T

From a biological standpoint, fermented milks ar Mterised by the
accumulation of microbial metabolic products of lactic a xl'al ohol and other

chemicals (Kroger et al., 1992). Microorganisms used in‘milk fe e.?nakitdmostly the
Ny

amime, 2002)./ IL‘Q‘%I the

en@ wid@'e to their

well- known status as GRAS microorganisrw yaslu\ti etal,, 2014%\‘?

Naturally, the milk itself is on %ehmous habitats for @ Several studies

LAB, yeast, mould, and the combination of these th

LABs have also been widely applied in other f

successfully isolated LAB from m%urces @ciog q}izoog; Henning et al.,

2015; Puniya et al., 2016). Fro%nilk g?;\mpl , Al%i@ification belongs to six

genera of Enterococcus, L hllus Lﬂ%};ﬁ, conostoc, Pediococcus, and
o WS

9

). {Whi }\AIOQB strains isolated from raw cow
d &
ing eéﬁu 2015). In the study of isolation of

Streptococcus (Franci

milk and identified %faecir .
LAB from raw w ent i
E ‘

buffalo mil another 15 Aé @s from fermented milk of Dahi and Lassi
Y
(Puniya% 1618 oy <
Ahe food industry, th@B are mostly chosen as starter cultures in the making

o%\)products like cheese, yogurt, and kefir. One of the purposes of LAB inoculated
in the

l out E?}&/AB strains were found in cow, goat, and

milk is to accelerate and steer the fermentation process of milk to produce the

u
esired products (Leroy & De Vuyst, 2004). Then, as the research field of LAB
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developed, the fermented milk inoculated with LAB generated peptides with many

2.3 Bioactive Peptides A
2.3.1 Bioactive Peptides in Milk ?

Protein is a macronutrient that provides essential amino acrt@ds for growth and
; te|'1

potentials of biological health (Korhonen & Pihlanto, 2006).

maintenance of physiological functions. Consumers ma from different

food sources including meat, fish, milk, nuts, beans, antyseeds. ) H m|Ik and

f protein. e{erif-sfudles

W|th i f%'lologlcal

other dairy products provide more than basic nutri
revealed that milk protein offered bioactive

functions (Abubakr et al., 2012a; Bhopale,‘ﬂw

etal., 2011; Unal & Akalin, 2012). \c' )
Some of the milk proteins %hydrﬁn% )qa'tcally active peptides
% N

responsible as antihypertensiv le, 16), mlml@al properties (Bhopale,

2016), anticancer (Bhopaﬁ&),l odula@y (Mohanty et al., 2015),
)

angiotensin-convertin% (A inhib ito&b’(Nandhini et al., 2012), and
antioxidant aCtIVItI bubakrl 12a) ese bioactive peptides contribute to
better health to olo | the cardiovascular, nervous, digestive,

and immun e s(K rhone &‘EI@ , 2006) (Table 2.2).
, omejof t |olog1§act|wty of milk protein components is latent
WI'[ t sequence of the pare(%p!roteln molecule but it released upon degradation of
t e protein structure into specific peptides and amino acids (Atanasova &
d va, 2010; Bhopale, 2016; Korhonen & Pihlanto, 2003). This degradation may be
consequence of enzymatic hydrolysis by digestive enzymes (Jrad et al., 2014),

fermentation of milk with proteolytic starter cultures (Virtanen et al., 2007), and
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proteolytic activity by enzymes derived from microorganisms (Abubakr et al., 2012a)

or plants (Mahajan et al., 2015). Y~

Physiological system Function §
Cardiovascular system Antihypertensz

Antioxidative
Antithrombotic

Nervous system

Gastrointestinal system

Immune system

Some of the peptides release ing food S in be-g\(se of some chemical

or structural changes occurred'%foodn prot ~and<§)y be ingested as one of
components in food produ aIeL . urlgmllk fermentation with certain
us

dairy starter cultures, |th var a&tm&s are released and detected in an
s F &
\ts (Ko

active form even i final l)r r@m & Pihlanto, 2003). A variety of

naturally forme ioactive p ave ‘e‘ﬁound in the final products of fermented

milk such urt, jsou k,"an@heese (Atanasova & lIvanova, 2010). After
%

S
ive dp ‘.s rucrﬂg these bioactive peptides may exert various

T
fund&)n the metabolism (@ 2.2).
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2.3.2 Production of Bioactive Peptides from Milk
2.3.2.1 Enzymatic Hydrolysis by Digestive Enzymes

The hydrolysis of whole protein molecules in milk inside the ga(r% tinal
tract can be released into useful bioactive peptides by action of di enzymes
(Bhopale, 2016). The most prominent digestive enzymes for protein infgastrointestinal
ical

tract that have been proven able to release numerous biolo ve peptides are

pepsin and pancreatic enzymes of trypsin, chymotrypsin ¢ nd Tminopeptidases

"

Most researchers used pepsin and chymotryp the producti n’of.@ctive

peptides hydrolysed from latent protein. Oth a({' ive e\n?)?mes and
ymelrypsin,

combinations of proteinases (alcalase, ch pa\ncr in, pe@,g;]ermolysin)

are also used for the production IQactive peptt fr <<various sources

(Bhopale, 2016; Szwajkowska et al., 2011).

(Szwajkowska et al., 2011). For e@ysle, pepsi %an r '?m enzymes hydrolyse
N

camel milk casein mimicking %astr&ntes inal di@%n to generate bioactive
S, : A

peptides responsible for arq:imlveI f@]dergoing digestion process

using pepsin and panc% e scavengin z}c{i\/i@of the casein peptides was more
s

competent than c&%hy(@ f ca@ilk, colostrum, and whey proteins

try@’,/ a-chymotrypsin, and B-chymotrypsin

(Jrad et al., 2(&). hil i
¢
enzymes we e%@ed i h:b\%w' caeej to access bioactive peptides responsible for
%v Y
antibacteri ivity C ‘p et aIx‘ﬁ?OG).

N3
A\ S
é. Nicrobial Fermentation

: Starter cultures are widely used in many assorted types of fermentation such as

beverage of wine, production of sourdough in bread making, application in fermented

fish, meat, and milk (Banaay et al., 2013; Bromberg et al., 2004; Manini et al., 2014
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Romano & Capece, 2017; Tamime, 2002). Some fermented products used spontaneous
fermentation like vinegar production or sauerkraut fermentation but mos
industries preferred using microbial starter cultures to accelerate the @tion
process of various food and beverage products (Hammes, 1990). A

The microbial starter cultures were microorganisms used in fmrmentatlons
and were also called microbial food cultures (MFC). The rNFood and Feed
Cultures Association (EFFCA) defined MFC as “live bact sts, ')r molds used in
food production”. From this definition, the starter cult used nWmentatlon

were divided into bacteria and fungi. The bacte arter cult }o@d of

actinobacteriaceae, firmicutes, and proteobacte hile fungi nsm@v f yeasts,
and filamenteous fungi. The appllcatlon art culuires in, food @Se:]tatlon may
use one or more microbial species ains dep g @nelr purpose and

A

suitability of the end products (Bouﬁ%n etal., A
N
erﬂment i

In the food industry, by B was widely selected

&
@nd easy in order to produce

because this process is con%s et

metabolites with afoo% uality (Ven as'-Os@a et al., 2019). For example, in
nTessal

dairy industry, m &\starte[ respﬁb e for milk fermentation are mainly

from LAB spec aII 'LAB(dJ%ﬁg this action, but, yeast, and mould had
:d‘k

also been fo r&ryerm t Kk a'ctle/(.\)Nouters etal., 2002).

e icatigh Of er cultures in milk is usually high in proteolytic

actl This is important b@ﬂse the peptides and amino acids released from
|on of milk proteins during fermentation contributed to the typical flavour,

Q a, and texture of each dairy product (Vercruysse et al., 2009). Proteolytic LAB
le to degrade protein into bioactive peptides should also remain their functionality

until last stage of making products and, thus, adding criteria of probiotic LAB as starter
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cultures in milk fermentation is crucial to conserve these bioactive peptides until reach
consumption to attain those benefits (Donkor et al., 2007). These two cn?’u‘f
proteolytic and probiotic LAB are vital because instead of providing qu a|ry
products, these fermented milk products contributed to the actlvatlﬂkbloactlve
peptides with biological functions such as antihypertensive, antimicrgbial, anticancer
and antioxidative peptides (Bhopale 2016; Daliri et al., 2017, ﬁa- etal., 2007).
!

2.3.2.3 Enzymes Derived from Proteolytic Microorga sor IM

Generation of bioactive peptides from milk entation ¢ l)e _@uced
through enzymatic hydrolysis of the whole pretei oIec{ n%%?iginated
from microorganisms, either bacteria or % our also,@'e‘%~ utilised to

generate bioactive peptides from vari roteins (Moha al. @5) For example,

crude alkaline protease from marm@aSerlum Iat q,:éym sea muds in China

has potential to generate peptld arlo& sou mncl@g milk (Cui etal., 2015).
Moreover, the alkaline pro m 7 us lichen f@us (B. licheniformis) ATCC
stab a! ne pH (Bezawada et al., 2011).

21424 was discovered%w rmaII

According to Ma 'ﬁal (2‘0 ease ﬁzymes derived from Euphorbian plant
n

latex were foun ser oteo enzyme

(J
N
2.3.2.4 oces f ‘Zg\

Amg food processi@br ingredients containing protein, some changes

0 |n5|de the food where the structural and chemical food proteins were disturbed
ydrolyse to release bioactive peptides (Bhopale, 2016). The release of bioactive

eptides during processing of foods may be caused by chemical, physical, and

25



enzymatic treatments either the existence of enzymes inside foods naturally exist or
derived from exogenous or microbial sources (Smacchi & Gobbetti, 2000). T

In making dairy products of cheese, sour milk, or yogurt, pep@n be
generated during manufacturing and without notice may thus be inges@kpne of the
food components (Atanasova & lvanova, 2010). For example, evaluation of
angiotensin | convert enzyme (ACE) inhibitory activity during cheese ripening found
active ACE inhibitor peptides naturally formed in cheese ( al., 1013). This may
be due to the existence of phosphopeptides as natur nstit er.ﬂ\{rds‘econdary

Yw

proteolysis during the cheese ripening process (B e, 2016). ﬂ1e _\@dy of

processing eggs, peptides were found in eggs th go % d bo{/mocesses.
olysate L%

Among all treatments, boiled egg white tﬂun e hig antioxidative

activity and further identified these p@]uences r ed i@xding 63 peptides

(Remanan & Wu, 2014). \ {\
0 S

&
ol

2.3.3 lsolation, Characterisation, a en ficaUg\ Bioactive Peptides

There are seve Zdures that take bla@for peptides determination after
’ ¢ &
~~Protein

successfully hydrmwﬁgurf \ various sources can be hydrolysed
in many ways, as ‘menti

\

!
¢
capability/a m(Ko onen &’ PiCJI‘a?to, 2006). The process of isolation,

NN
charact% . andf’identi Patior@f bioactive peptides are important to produce
optimal peptides with their sp@bioaotivities (Herraiz, 1997; Lu et al., 2009; Mahdi
e%i, 18). In milk and dairy cases, the activated bioactive peptides from milk

roducts either by microbial fermentation, enzymatic hydrolysis, or through proteolysis
r

oduced crude protein hydrolysates, wheys, or caseins with various bioactivities

—9

[}

viou <</to generate peptides with different

(Hafeez et al., 2014; Nielson et al., 2017).
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Protein source

Yv
BRI °\
b

Crude protein hydrolysate

Y
Peptide fraction

Y
Amino acid/ peptide sequence

¥
Identified amino acid/peptide sequence

Figure 2.4: General Flow of Isolation,c?;n, a?f‘j

&)
Preparation of protein hydr S i tm}}uyde?fr @? commonly involved
with the precipitation process. \%n of

>

ecipitation QQ ss iIs a crucial step which

involved in choosing eithe ¢ solvents,( etha@ ethanol, or acetone) or acids

(trichloroacetic acid), % igh concentrati ln% Its (ammonium sulphate), or by

adjusting the pH ?@elec@%lec@fraaionaﬁon of peptides is dependent

with their solubility T preCi ion ag <<,in the solutions (Herraiz, 1997). In
U\ P P C’)®

precipitatiopssolution, the inso b(e \rggjerial is centrifuged and filtered to separate

precipitw |des,46 gins @Jakr et al.,, 2012a; Li et al., 2013). Once the

pep&&e selectively fractio@d into insoluble and soluble peptides, both fractions

‘@thher analysed.
Q Fractionation of peptides can be obtained through ultrafiltration, ion exchange
hromatography, reverse phase liquid chromatography, and via gel electrophoresis (Dib
et al., 2014; Finoulst et al., 2011; Herraiz, 1997). For example, precipitation of goat
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milk yogurt using ultrafiltration through membrane 3 kDa molecular weight cut of
indicated that protein or peptide fraction is considered as <3 kDa in My was hyd

by LAB when compared to fresh goat milk. The peptide fraction was furt@ysed
by liquid chromatography—tandem mass spectrometry (LC MS/MS) in three
bioactive peptides with amino acid sequences of LYQEIWVRGPFPI,

eM. These three

tide‘ sequence in the

mol cu.hc\rrds between
‘X

1731.84 and 1780.90 Da (Mahdi et al., 2017). [ _\C}

YQEPVLGPVRGFPIL, and VQSWMHQPPQPLSPT, res

sequences were continued with Blast for identification bas

database and found that these three sequences had a

Indeed, using gel electrophoresis by sodi decyl"s -pobbz'rylamide
gel electrophoresis (SDS PAGE) can purif% suaﬁfe peptide f@lgr:s into band

formation (Dib et al., 2014). The SD&%@;M electr esi@roach IS peptides

are fractioned by gel electrophoresi(gasd on th \bs%h gq'}nd net charges of the
N
macromolecules (Garfin, 1990%r0p isJs @ m&@ to separate a complex

mixture of proteins while MBE i to move charged molecules
through a gel matrix %%i.of an[:lec i:;‘{:us@n (Garfin, 1990; Manns, 2011).
Through SDS PAGE,assay, i @identified, and monitored during
purification, as &n

o
®
(@]

SN

separation 0 Ide mixtures i ae'ed@alarged molecules by their molecular masses

NN
inan el% Id of @ ‘pns, ZB&. Thus, the SDS PAGE can be able to estimate
X
progﬂﬁbunit by molecular\méight (Mw) size which, then, able to determine the

s%\cg ompositions of purified proteins (Garfin, 1990).
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2.4  Oxidative Stress

Oxidation generally is referred to a complete removal of one or more ek?ms
from a molecular entity where oxidative stress is a situation between t@ance
amounts of oxidant produced with antioxidant defense mechanism (Esf#!;q‘al., 2019;
Pizzino et al., 2017; Silverstein, 2011). Oxidant can be divided intcwao'genous, and
exogenous oxidants which derived from both endogenous (mi cWa, peroxisomes,
endoplasmic reticulum, phagocytic cells etc.), and ex k.

SOLfCES (pollution,

alcohol, tobacco smoke, heavy metals, transition metals, strial so pesticides,

g 1 o a3 %
certain drugs like halothane, paracetamol, and r on) (Birb e‘ icq 012;
N
n spe@s (ROS), and
S @RNS are activated

Phaniendra et al., 2015).

The main oxidants are in the formiyof reactive ox
reactive nitrogen species (RNS) (Esfar\Qw\zﬂ 019). Bo
forms of oxygen and nitrogen inclﬁ%free ﬁ%%n @adicals (Osuntoki &
Korie, 2010). Example for freﬂé\s are"supe Xide %;, \(Oz'), hydroxyl (HO"),

nitric oxide (NO"), nitrogen.dioxI (I\I , peroxyl ( ") while for non-radicals are

singlet oxygen (102),% n per ;J;I!Ozb)zone (O3), hypochlorous acid
s
itrite (ngg

(HOCI), nitrous aci NO>), rie "), di-nitrogen trioxide (N203), and

hydroperoxide (RO (E
¢

!
could be har xicity), or neﬁ’it Q‘S-J?]ers depending on their balance with current
:%am-

o o
antloxnj%
sichl

Huy etsal,, 2008). " At low or moderate levels, ROS or RNS exert
ben effects on cellul@éponses and immune function. However, high

al., 2@,’ Li et al., 2016). Both ROS and RNS

C \e.ation of ROS or RNS, resulted in imbalance of oxidants and antioxidant that

& rate oxidative stress or nitrosative stress in the system which caused damage to the
i

omolecules (Pham-Huy et al., 2008; Phaniendra et al., 2015).

29



In biology and medicine studies, terminology of ROS, RNS, and other oxidants
is referred to as free radicals (Li et al 2016). These free radicals may attack
components which lead to the oxidation of lipids, proteins, and DNﬁ(%\ause
structural and functional changes to these molecules (Bandyopadhyay@&l999). In
food industry, food quality also affected by an unexpected oxidatiorWss occurred

during manufacturing which tends to reduce the nutritional IN food safety by
Z K

producing undesirable flavours, and toxic substances (Osu or'e 2010).
In human body, the free radicals induced oxidative, stressw ved to be
associated to the development of chronic and de tive illness sul:h ﬁgacute

ance\ iovascula gcataract
ary @3:5 multiple

artI@i‘, systemic lupus

respiratory distress syndrome, asthma, atherosc?

chronic obstructive pulmonary disease, |op ic

sclerosis, neurodegenerative disease N& rheumatoi

erythematosus (SLE), and sclerod Birben x‘h?O

m-Huy et al., 2008;

N
Santos-sanchez et al., 2019). Thées ofl}ree radicals thg(aiffected humankind may

happen due to a combinati hhea'
food intake, lack of ex Zposure 0 air. “oilu ; and/or smoking (Ramesh et al.,

2011). Thus, cons Wn of r nagal/antioxidants are believed to prevent

ife ylesﬁas inappropriate nutrition in

oxidative stress‘Kd ects érfnadl & Ismail, 2010). Foods containing

antIOXIdatIVi &aalsaelmp taﬂ’tt beincluded in daily human intake to reduce, or
elimina% nces’o Pgt eséhlseases (Shebis et al., 2013).

ntloxidant Activity
Q Antioxidant was defined as “any substance that delays, prevents, or removes
xidative damage to a target molecule” (Halliwell, 2007). In addition, antioxidant is a

substance that at low concentrations delays, or prevents oxidation of a substrate (Santos-

/J:z
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sénchez et al., 2019). It is a stable molecule that able to donate an electron to fight loads
of free radicals, and by neutralising the process, thus, reducing its capacity to w
or inhibit cellular damage (Lobo et al., 2010; Sarkar & Ghosh, 2016). (’}

Antioxidants available in industries normally used synthetic m&dants like
butylated hydroxyanisole (BHA), butylated hydroxyltoluene (BHWpyI gallate
(PG), and tert-butylhydroquinone (TBHQ) (Race, 2009). The emtic antioxidants
are usually implemented in food, cosmetic, and phar Y. mdustrles as a
supplement, or as a preservative to prevent oxidation ocCUkging in OWE’[S, g\ij to
stabilise therapeutic agents of pharmaceutical prod t are suscepti Idtc@mcal
degradation caused by oxidation (Shebis et al.,

The usage of both natural and synthﬁw oxm‘nts\mdusl,g. as their own

advantages and disadvantages (Table 2 i 9 safeness pllc@‘h of synthetic and

}@mghout the decades

N
@9, Race, 2009). Several

Mbah et al.
4@

studies reported that the ca sing syn t antioxidants such as BHA,

BHT, and TBHQ (Ito e%)
several researchers rted thaf
are toxic or c "ﬁa
Valenzuela e , 19 6). e& g{/e egatlve health effects or possibly become

toxic if%' anti

and tic antioxidants pla@same major roles in maintaining the homeostasis of

natural antioxidants in certain p ts has &

(Augustyniak et al., 2010; Cal 201

!ntaks:?excess the safe limit (Race, 2009). Both natural

t% tive balance in humans to prevent or treat various human diseases (Mbah et
,2019).

6 In fact, until now, there is no rational scientific, or technical argument for the

preferences for natural antioxidants except natural antioxidants are more acceptable to
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consumers because of personal emotional grounds that natural antioxidants should be
safer than synthetic antioxidants especially for consumer who prefer natural w
foods (Pokorny 1991; Valenzuela & Nieto, 1996). Though no harmful f\r the
application of these synthetic antioxidants has been shown in humaﬂ&mcally,

proper scale of daily intakes for antioxidant should consume had bR&abllshed by

European Food Safety Authority in 2012 for the purpose of foqd nies to estimate

NY.

Table 2.3: Advantages and Disadvantages of Natu d Syntheti n'io@ts

synthetic antioxidants in their products (Shebis et al., 201

Natural antioxidants hM\ﬁ |damQT
e

Expensive \, IneS(Yjeny 'y

Restricted to some products % icati

Wide range of antioxidant activity Medium to h@antlomdant

Perceive as safe substance (1.‘ \t}{r asi g{s}ety concern

Increasing used expanding ap e ba for some of them
Broad range of solubllltles L'd)w r solubility

Increasing interest Dech ing interest
our,ew wzuela ieto (1996); Pokorny (1991)

Numerous Nh orw I antl ants from various sources have been
well documente&q, ener our(}of natural antioxidants were from grains,
¢

S, ;ices, fru?’ , n({v(ggtables (Brewer, 2011; Durazzo et al., 2015;

oil seeds,

Gacche .,12010; Li 20%7§arkar&6hosh 2016; Shahid et al., 2013; Souri
et 8 Yashin et al., @7') Plant sources have an abundance of natural
antiexi ants like phenols, phenolic acids, and their derivatives (Sarkar& Ghosh, 2016).

exists in all parts of plants including fruits, vegetables, nuts, seeds, leaves, roots, and

arks (Anwar et al., 2018).
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The most popular studies on natural antioxidants are polyphenol compounds.
For example, polyphenols antioxidant derived from dried green tea extract in a r
feed against synthetic antioxidants consisting of vitamin E and SELDOX (@uine,
BHA, BHT and citric acid) found to have almost equal effectivenes?%tioxidant
activity (Shahid et al., 2013). Antioxidative activity of soybean I&Frepared with
various filamentous fungi for fermentation was also associ%ed. th the phenolic

!

Some colourful fruits, vegetables, herbs, and spi anb sWimmunity

| pigmen es’)o@?fcr

compounds (Lin et al., 2015).

and it was believed to be associated with certain

antioxidant activity (Rodriguez-Amaya, 201

ural pfg colouré such as
our}

lls q\re jieved @ng sources of

natural antioxidants. However, the a % activity existed f@bh coloured food

is not only because of its pigment %rs bu@;ovxer

phytochemicals, or bioactive i invglved nd co@uted to its antioxidant

carotenoids, anthocyanins, betanin, and

Q

c;o\ ounds such as other
N

activity (Kaur & Kapoor, 2 &t al ; Yashi %I., 2017).

iokid@' components as a defense in a

To fight again idative stress, a
<° 2

&
biological system ;@hro@ ic, g.-énzymatic, and repair systems (Lobo
etal., 2010; San% hez . 9; S@#’a etal., 2012) (Table 2.4). For example,

@

l

in enzymatic system, su digmlc%;g (SOD) plays central role in defense against
% o

oxidative stress in all’ }orgfm&ns where this enzyme belongs to the group of

meta@ymes that requires n%!‘al as cofactor for its activity which catalyses the
N

%tion of 02" to Oz and H20, (Sharma et al., 2012). For non-enzymatic systems
uch as vitamin C (ascorbic acid), these antioxidants need to be consumed and available
certain animals and plants because ascorbic acid cannot be synthesised by humans.

Ascorbic acid is an antioxidant categorised as a reducing agent which works by
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reducing, and neutralising ROS such as H202 (Lobo et al., 2010). In the repair system,

DNA repair enzymes and proteolytic enzymes defense free radicals by repa?!r

sanchez et al., 2019).

eliminating damaged biomolecules in affected lipids, proteins, and D@w

Table 2.4: Example of Antioxidants According to Antioxi

tos-

e

ant Defense System

Enzymatic system
Sharma et al. (2012)

Non-enzymatic
system
Lobo et al. (2010)

ir s!stem

Superoxide dismutase (SOD)

Catalase (CAT)

Guaiacol peroxidase (GPX)
Ascorbate glutathione

ocop
enoids
gl

Ascobate

(as-GSH) % c,}
Cycle ascorbate peroxidas nolic comp@unds , <%=
(APX) \ N A%
Monodehydroascorbate Melatonin N
reductase (MDHA i [ [ §
Dehydroascorbate% U.; aci P 2
(DHAR)
Glutathione re e 1\\ \(J
v N
NF

4
ve ag@?y of each possible compound. Understanding the

=y

S %—t
Kt
detem of antioxidati

additional

ism of antioxidants,\
loxidants, possible uses, production of antioxidants by organic synthesis, or

N

activity are important for the appl

@a

ntioxidants is important to understand the

knowledge of biological meaning of

technological methods as well as standardisation for determination of antioxidative

ication it many industries (Santos-sanchez et al.,
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2019). The mechanism of antioxidants has been well explained and discussed in several
studies (Table 2.5). Antioxidants deal with oxidative stress in various ways dem
on the types of free radicals involved, stages of oxidations occurring, and@}on of

antioxidant compounds to fight against oxidation because each antioxﬁ*ompound

plays a role in its unique way. Q
'S (ppn'aches

Table 2.5: Classification of Antioxidant Mechan

Classification of antioxidant mechanis

Three groups by their mechanisms:
1. Primary antioxidants: free radical termi
(scavengers)
2. Secondary antioxidants: preventive
(retard chain initiation)
3. Tertiary antioxidants: repair d
biomolecules
Three different action of antioxidaw nisms: ‘opez-Alarcon
es

1. Inhibition of oxidant enzymes: décr w and Denicola
ROS/RNS cellular prodlén' A.(2013)
2. Interaction with redox E g pathwa (,}
R

d

<

cellular antioxidant

" &
3. Direct reaction WiN ch/re&%ﬁe
product (mostly adical'scavenger -,
Through three levels: q , %
1. Preventionmai i

Bhattacharya
ion ‘r‘e[ac species  (2015)

form
|

to a minimum |

&
2. Interce ‘bv'\antioxid vengeé&dctive
speci
%ir da getQJ cules

3. Repair;
Through I%def sea Ighodaro and
st li

ants:
irst lipe: suppre pev@?t%e formation of Akinloye (2017)
dicals or reacti e;&{mes
ecénd Iin‘e:gognge aftioxidants
: ird line: repair darg&?d biomolecules
\ Fourth line: utilize.@hg ignals required for free

radicals production and reaction to prevent the
formation or reaction of free radicals

‘%rough three chemical mechanisms: Santos-sanchez et
1. Hydrogen atom transfer al. (2019)
2. Single electron transfer
3. Ability to chelate transition metals
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One of the common classifications for antioxidant mechanisms was based on
three different levels which are before (prevention), present (interception), aw
(repair) oxidation occurred (Bhattacharya, 2015). Prevention is an act of a t\&nt to
maintain formation of reactive species to a minimum level Iike'kaction of
desferrioxamine as antioxidant to reduce lung contusion (BasaranWZOB), and

interception is a situation where antioxidant scavenges reac 'vkﬂbeies either using
orbic

catalytic and non-catalytic molecules like antioxidant o a'cid, and alpha-

tocopherol (Liu et al., 2004). Meanwhile for a repaig,level it'\%action for

oy
antioxidants to repair damaged target molecules@kathion did as ﬁn @ging
’ N~

(Weschawalit et al., 2017). Y N
(\/a_: W\ o
2.5.2 Mechanisms of Antioxidant w é
Recently bioactive peptide(fysu variou\)ur?es b@ed great potential as
>y N
antioxidative activity (Dévalo% i

 2004; Niw €t a 013; Sah et al., 2016;

Tkaczewska et al., 2019; Xi ta.,ZOI, ee I.,Z@ Similar to other antioxidant
compounds, peptides %Zioxida #gﬁi@]ggested influencing beneficial
foog&,essing (Esfandi et al., 2019; Sohaib

s
effects in promoting*human hezil m
foot%dntained protein have a potential for use

et al., 2016). ioxidant p
¢

as factors t t unfavou Ie'fo@ exture development, improve organoleptic

Y
propertigS, andeausefunctienal or nutritional changes in food products especially food

prog&e oxidised when e t@fng the storability (Elias et al., 2008; Sohaib et al.,

é aczewska et al., 2019).
Q The antioxidant peptides or amino acids of food proteins can inhibit lipid
xidation through multiple pathways including inactivation of ROS, scavenging free

radicals, chelation of prooxidative transition metals, reduction of hydroperoxides, and
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alteration of the physical properties of food systems (Elias et al., 2008). Other than
application in food products, these antioxidant peptides can be implementea?ﬂe

production of pharmaceutical, cosmetic, and in animal nutrition products a o\their

§)

bioactive ingredients (Chai et al., 2017; Huo et al., 2017). Like tioxidant
compounds (Table 2.4), antioxidant peptides are also contributedWman health
improvement through prevention and treatment of chronic de ewe diseases such
as cardiovascular, and cerebrovascular diseases, as well a &u.toi'nmune diseases
such as rheumatoid arthritis, and diabetes mellitus (Zou ., 20 )\d'

Twenty known amino acids found in prote ossibly act as [an_@ﬂants
because all these amino acids can interact with lca% rgy %Y’Te radical
insult is high (Elias et al., 2008). Antioxidw 0 aa’wﬂ residues sué\?tryptophan,
nd @ﬁne may have a

potential as antioxidant of food prot drolysa\('Uu?n' ,{&al., 2011). However,
} y N
free amino acids without any%g are' not raeralg;\/l@und to be effective as

antioxidants in food, and bi %syle . Regardless; some individual amino acids
t

have little or no antio% tivity
é &

could exhibit anti@ctivi\?&w I, 2@)1 Amino acid histidine, and B-alanine

found no indivi% ctt ibiti <%’lther lipid, or protein oxidation but with

!
carnosine (3- %L-hi idipe ipe?)ti@()?uccessfullyinhibitedIipid peroxidation, and
Y

tyrosine, methionine, cysteine, histi phenylalani

Wi rl‘;lnomb)onding with other amino acids

}ein in@scle tissue in rats (Nagasawa et al., 2001).

f%kuch as the structure of precursor proteins, and the hydrolytic process on the
ntiexi

Q dant activities (Zou et al., 2016). For example, a proper low a-Helix and high f3-
tructure (B-sheet and P-turn) might be favourable to yogurt peptides exerting

antioxidant activity (Yuan et al., 2018). Furthermore, protein hydrolysis with specific
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endopeptidase enzymes, it was obtained that 50 from 54 plant proteins produced 745
bioactive peptides sequences of bioactive fragments have antioxidant activies, awlwr
position were predicted to be on surfaces of plant proteins with \hlhc
surroundings (Dziuba et al., 2004). Other factors include the relatloﬂ% between
peptide structures and antioxidant activity are related to structural CWHSUC of the
peptides such as their molecular mass, amino acid compolytlg. sequences, and

hydrophobicities (Table 2.6) (Sah et al., 2016; Sarmadi 2‘)10' Zou et al.,

2016).
\Y'
| S
Table 2.6: Example for Antioxidant Pepti te by' I ctun%mtter
\ A" ad
Protein Assay ru ure erence
source X|daqt p de &
Fish fillet DPPH radical scaveng Iecular O Cheung et al.
activity assay e S ra ro (2012)
ABTS radical 0.5t0 ﬁa
scavenging activi c,}
Metal ion chela% q Q-
activity assa AQ\’
Ferric ionr N
antioxi Ent er assa I’ %
Lipid |on as
Egg white  Oxygen ra aC|d Dévalos et al.
ab ce ca CI sition of Tyrat  (2004)
&@ n ( AC- rminus and Tyr at
termedlate of the
en |tyI| ammo acid sequence
( L)o |d jon,a sayb of Tyr-Ala-Glu-Glu-
- Arg-Tyr-Pro-lle-Leu
Soy Ferrl W ate y  Amino acid Chen et al.
d '%. composition of His (1996)
\ and Pro of the amino
acid sequence of Leu-
Leu-Pro-His-His
Ishskin  ABTS radical scavenging Possibly contained Sae-Leaw et
activity assay hydrophobic amino al. (2016)
acid such as Pro, Leu,

Ala, Trp, and Phe




The molecular mass of peptides is one of the crucial roles in depending how
powerful the antioxidant peptides may work. For example, using specific prote?me
molecular size for peptide fractions with antioxidant activity derived from @hake
(Merluccius productus) hydrolysates was less than 1.4 kDa and ob ecome a
major contributor to the ABTS in the linoleic acid peroxidation modWm (Cheung

highest antioxidant activities (Aguilar-Toala et al., 2017;

etal., 2012). In fact, it was found that the peptide fraction less h a exhibited the
;t aI' 2012; Ngoh et

al., 2016).

Amino acid composition and its sequenCE-@ﬁected nti |dant aﬁmty of

peptides (Elias et al., 2008). Peptides derlveR m h proteg?\s’ by pepsin

enzymes, peptide with the sequencel o r-Ala- £yr Pro-lle-Leu

exhibited synergistic effects for both Amlbitogk 10X iQaCtIVItIeS (Davalos

etal., 2004). However, it is still dEE:cuI)‘or 'r‘ea%s o clarify the structure-activity

relationships of antioxidant p as we t relakén%lps of the peptides which
releases antioxidant se uen?ﬁ?d the’e neéd fut 5@&rlf|catlon and comprehensive
study. % J

It was als S ted t |ster@ a hydroxyl group in aromatic structure
of tyrosme m ct milar pﬂenof@compounds as a chain-breaking antioxidant
(Ou et eb\/e}y ro |c amino acids such as glycine, alanine, valine,

prollnesn eucine provide an wYant activity of peptides by gelatin hydrolysate of

(Lates calcarifer) skin prepared by alcalase enzyme (Sae-Leaw et al., 2016).
%ever, synthetic peptides Leu-Leu-Pro-His-His designated from histidine

Q)ntaining peptides had a quenching activity on singlet oxygen) do not contribute to

the antioxidant activity (Chen et al., 1996).
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2.5.3 Antioxidant Activity in Milk and Dairy Products
Bioactive peptides originated from various natural proteins, such as W

legumes, milk, meat, egg, fish, and various marine organisms posses dant
properties (Carrasco-Castilla et al., 2012; Chai et al., 2017; Coda et al’, ; Ibrahim
et al., 2018; Lin et al., 2014; Liu et al., 2016; Yousr & Howell, 20%5). One of the

research interests on the natural antioxidant sources are from antioxidative peptides

generated by milk and dairy products included various fer i k'(Abubakr etal.,

nWall., %)'15).

Milk fermentation generated peptide antioxidants thatimainly derived fr m’9§\@asein

2012a; Ibrahim et al., 2018; Li et al., 2015; Nandhini et al.}%2012;

(including os1-, 0s2-, B-, and Kk-casein) as wel whe'y ns @Ilding a-

17). Q\T
din@anented milk can

lactalbumin, B-lactoglobulin, and lactoferrin)y(NielSon et al.

Antioxidant peptides of milk %Dproducts
also be divided into lipophilic and I@hilic@!}fa ts. l[@)philic antioxidants of
milk consist of conjugated lino%, a-t&:oph B-Ei@ne, vitamins A, vitamin
D3, coenzyme Q10, and mipi ﬁhjy:r@ic antioxidants of milk are
proteins, peptides, vi '%eralj an tr&cé@éments (Grazyna et al., 2017).
Regarding to antio iﬂa%) pepti
amino acids in ’e%iﬁc lincl@’with hydrophobic amino acids such as
proline, hi@rosi e ;?y{to han responsible to act as antioxidant peptides

N
(Nielsor%. 2017; Pi ?to, 20@ Timon et al., 2019). However, antioxidant
pep@ milk and dairy pr(@;re mainly due to sulphur-containing amino acids

S Xysteine, phosphate, vitamin A, vitamin E, carotenoids, zinc, selenium, enzyme

d ms, superoxide dismutase, catalase, glutathione peroxidase, milk oligosaccharides
n

d peptides that are produced during fermentation (Khan et al., 2019).

ived fr ilk and dairy products, five to eleven
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There were many in vitro studies that revealed that milk fermentation with
proteolytic LAB generated antioxidative peptides (Abubakr et al., 2012a; Aguila
etal., 2017; Lim, 2013; Namdari & Nejati, 2016; Nandini et al., 2012; Shu t\018).
Milk fermented with L. plantarum strains at 37 °C for 48 h produced anlﬂ&,live crude

extracts and antioxidative peptide fractions. Peptides fraction with thégmolecular mass

less than 3 kDa obtained significantly higher antioxidant val Mumol of Trolox

equivalents) than peptides fraction with molecular mass o éz sz' (210.3 umol of
Trolox equivalents). ‘\d
®

In fact, fermentation of goat milk by L. case at 41 °C for)16 h _@uced
whey fractions with antioxidant activity. Optimisation co oditi nutrients formula
m Iac@;{:nd cysteine)
sigr@ant effects on the

(casein, casein peptone, glucose, soybean pw nuli

found that calcium lactate, glucose, a%éh’ pepton
j@rlactate 0.99 % (W/v),

antioxidant activity of fermented go&%k. A @;\o?c
glucose 0.21 % (w/v), and caseli e 0.29 % (w/v) su(Q \fully increased hydroxyl
radical scavenging rate fro }A) to @ﬁv{ le @the DPPH radical scavenging
rate reached up to 63.%’7-%41.913% (‘j‘e'r ﬂgjptimal conditions (Shu et al.,
2018). | \: g

Fermen %mil Q_ plcﬁ;/%!’rum at 37°C for 48 was also carried out

!

¢

to produce (y%lk hydrolysate Jr rﬁ-e? with antioxidative activity. The findings
obtaine%ko

of 4 and hydroxyl scav@g activity of 48 %. This study suggested that there

N
ul W ?ﬂted ‘@PPH value of 61.7 %, lipid peroxidase activity

a%\ebral active components in milk that enable to inhibit lipid peroxidation and
e

d xyl/superoxide radical generation to maintain milk quality such as lactoferrin and

ctoperoxidase. Lactoferrin from whey protein can bind with iron by mode of
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transition of metal chelation to inhibit lipid peroxidation while lactoperoxidase acts both
antimicrobial and antioxidant activity in maintaining milk quality (Nandini et al.w.

Skimmed milk fermentation using seven different LABs isolated @rapes
and bananas at 37 °C for 24 to 72 h produced antioxidative whey. Thet isolates

that produce whey skimmed milk with good antioxidant activity e 1dentified as

species L. plantarum 1 and Leu. Mesenteroides. The ferme am skimmed milk
ed

with selected seven proteolytic LAB resulted in DPPH val tween 14.7 and

é-g

mentation
@

N _ _ X
time significantly increased DPPH of the whey ski milk. fIn co tristihg FCA
values decreased as fermentation time increase 8 % e hig@f FCA of
enta@x:me may not

be contributed by generated peptides i Ee&)kimmed onIOJQY also contributed

by other antioxidant compounds i@stein s@\x;gct il and serum albumin
(Abubakr et al., 2012a). % 0 4 (3%}
Making yogurt fro mil SO iIk@ented with LAB of L. casei
PCO5, and L. acidophi ”tlatj fro gik@bbage obtained that at 37 °C for
30 h fermentation Wdlnglc i ablg}énerate antioxidative peptides even
&

ge.

after eight day
SK ' “a
fermented 'tbasei CO05, nd" L.@i ophilus PC16 involved termination of free

radical n% , ferrd
ndiﬁ@

i hat antioxidant acti@d‘f soy yogurt was significantly (P< 0.05) higher than

50.8 % while the FCA values ranged between 41.8 and 9776,%. Ingrea

the whey skimmed milk was obtained at 24 fwfermentati

p%’ urt and were believed to be associated with different LAB strains produced
r

ifferent antioxidant peptides as well as different protein source which are milk (animal
r

otein) and soymilk (vegetable protein) (Lim, 2013).



In the milk industry, three common starter cultures of LABs that are used for
milk fermentation are L. casei, L. acidophilus, and L. plantarum. However, |
studies were conducted to use non-common starter species of Lactobacill@icus
to produce fermented milk enriched in antioxidant peptides (Griffiths&\lez, 2013;
Namdari & Nejati, 2016). Generally, L. helveticus is a versatile tRe.ﬁum with an
excellent proteolytic system consisting of cell-envelope protej Wansport system,
and intracellular peptidases (Griffiths & Tellez, 2013). S &EI fermented with
L. helveticus at 37 °C for 24 h released antioxidativ tide p‘bssjgdr‘elated to

hydrophobic properties. The antioxidant activity of t

rolysates (s pe*niﬁo\‘l')?‘ was

measured using DPPH and ABTS radical scave

ivities'du hesIQ/Kée period

of 1, 7 and 14 days. Both assays indicated that.the pern?tan om fe Y[;d skimmed

milk contains high antioxidant actmty\heast 62.3 PF@QadicaI scavenging

activity) and 57.64 % (ABTS radlc enging gas )Q}

C.)
‘&
2.6 Determination of ntr Vi Ass A
There are vari caI assays détesb’ne antioxidant activity. A clear
s

understanding underfying the plil \I'e{ r ea(g.s:xay is important to prevent the misled
mterpretatlon ofyassa lect i a&froprlate application (Prior et al., 2005).
It is |mpo rt nder and p‘mb mechanisms, measurement ruler for each
assay, a Ie anti ?t com@nds in the sample for proper selection of assays

in en&ng antioxidant actl\@(’Apak et al., 2016; Shahidi & Zhong, 2015). Each
e%; nt in antioxidant activity should at least have two different antioxidant assays
omparing the different composition, and reactivity of antioxidants in particular

Qays (Abramovic et al., 2018).
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Therefore, a variety of in vitro chemical methods should be critically understood
prior to deciding which assay will be used to determine the antioxidant act|V|ty
sample (Moharram & Youssef, 2014). Basically, in vitro assays can be d|®to in
vitro chemical assays, and in vitro cell structure systems. The common i chemlcal
assays to determine antioxidant activity were DPPH free radical a m and FCA

assays. Through all the examples, the antioxidant activity g onltored using

@ \Y-
| S
a@ n V@Ehemlcal
approach which are DPPHe (l,l-diphew rylhﬂdra sca@gmg activity,

/' [2,2-azin0Obi (3-@1benzothiazoline-
6sulphonic acid)] scavenging ach@jeducm

power (FRAP) assay, hydroxy adlczﬂ sca glng superOX|de anion (O2")
scavenging activity assays.. Th W(I# §mr determining antioxidant
g BPP

activity in milk and da ts are

various assays with different mechanisms.

2.6.1 Invitro Chemical Assays

There are several ways in analysing anii

ferrous chelating activity (FCA),

r)q'\&educmg antioxidant

ave H free radical activity, and FCA

’ o
(Bamdad et al., Zﬁ\et al., f “Maleki e @015)
&
Q S

2.6.1.1 DPP ,1-diphen I- |é'rybc?razyl) Scavenging Activity

% e prefere ‘;In e\@atmg free radical scavenging activity in various
Yh
antlﬁﬁt substances includi r‘g}éptlde proteins is using scavenging 1,1-diphenyl-2-

‘@drazyl (DPPH) radical activity assay (Abubakr et al., 2012a; Namdari & Nejati,
Q ; Nandini et al., 2012). This assay is technically simple, rapid, sensitive, and
producible procedure (Gilgin et al., 2010). A chromogen radical compound of DPPH

is deep violet or purple in colour (Gupta, 2015; Prior et al., 2005).
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In this assay, antioxidant compound was measured using calorimetry
scavenging DPPH radical activity assay using spectrometric technique to dew
discolouration of DPPH from deep violet to pale yellow or colourless@bs rong
absorption band of 515 nm (Gupta, 2015). This method is based on uction of
alcoholic DPPH solution because of the action of hydrogen donating from the

antioxidant compound to form a non-radical DPPH-H by the rw (Gllgin et al.,

2010). '
DPPH- + AH—» DPP He \d
X

In other way, this assay is a measurement of | PPH colo i;[] a tion
band maximum around 520 nm after reaction vﬁg d antioxi com@ﬁd (Prior
et al., 2005). However, there are severah,cautions be i Y;nted when

measuring antioxidant activity by DP ntigxidant

of spectrophotometry, and DPPH@ﬁnsitive \tht

antioxidant compounds (Moha ousﬂzf, 2 e
N A(*’
T CL N
2.6.1.2 Ferrous chelal%c ity (FCA) { 0’

’ ’ &
Metal ionw)n |si1$e ﬁecﬁamioxidam actions for the prevention
of lipid peroxidw on i nme{é&,’iron metal of ferrous ion (Fe?*) is highly
dfm@gj?)y catalysing the formation of ROS and

¢
reactive ang %caus ti%

N
stimulating,lipid peroXidatien,thro enton reaction (Halliwell & Gutteridge, 1990).

Yv
Fe2* + HZ%%L, Fe**+ OH + HO" (Fenton reaction)

% enton reaction involves the oxidation of Fe?* to ferric ions (Fe**) by hydrogen
eroxi

Q de (H202) to generate a hydroxyl radical and a hydroxyl anion (Halliwell &
utteridge, 1992). Chelating agent is needed to protect against oxidative damage by

retarding this metal catalysed oxidation (Gupta, 2015). Chelator or chelating agent
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captures metal iron and prohibits metal iron from catalysing oxidation (Kim et al.,
2005). Antioxidant activity by FCA assay was assessed based on the ab

antioxidant components to interfere with the formation of ferrozine-Fe?'{c X in
vitro (Chai et al., 2014). In fact, in this assay, ferrozine is a c)@;‘ that can
quantitatively form complexes with Fe?* at absorbance of 562 nm. ‘However, in the
presence of other chelating agents from tested samples, compl Mon is disrupted,
and this can be observed by decreament the red colour o eX\:Ie'c Thus, colour

reduction can be measured by spectrophotometry at abs ceb5 Zwtimate the

chelating activity of the coexisting chelator (Adji@sare, 15). ’ _\0}
4

Y—-
N
\ é\v
ass@%an determine the

2.6.2 Invitro Cell Culture Systems \,:
Instead of in vitro chemical asw )itro cell-

antioxidant effect of various comp@sat subc .,‘&eb‘lthout experimenting

N

directly with the action of radic%wgin&that ainly eaé?es oxidative damage, the

&
s@re responsible in enhancing

in vitro cell culture systemsiie~ Iuar
antioxidant pathways (da.Si tal., 2016). he e@]ple for this assay is cytotoxicity
s

of antioxidative tf@ure V"a )
2.7 Dete %ion

% o othér.anti

thro veral chemical me@'réms include hydrogen atom transfer (HAT), single

S
Iivirgel s by spectrophotometer.
&

e transfer (SET), and chelating transition metals (Esfandi et al., 2019; Santos-
anehez et al., 2019; Zou et al., 2016). Both HAT and SET mechanisms involved with
eactivation of free radicals. Even though the mechanism of HAT and SET is different,

both mechanisms will produce identical end-products. These two mechanisms may
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occur in parallel but depending on the structure of the antioxidant peptide, and the type
of assay participating will influence the solubility and partition coefficient (Esw
al., 2019). (,}
Usually the HAT-based antioxidant assays associate with com reactions
in which antioxidant is compared with the substrate for production ofperoxyl radicals
(Sohaib et al., 2016). The free radical inactivation occurred hen hydrogen atom
from an antioxidant was removed and donated to that radi MR; d Kitts, 2014).

The example for antioxidant assays of HAT-depen incl dwn radlcal

absorbance capacity (ORAC), total radical trapping a idant para 'T _P\ﬂ%) and

carotene bleaching assays (Esfandi et al., 2019; al., 20f6; ib e@* 2016).

IOﬂIi@ﬂ potential of
fan@% al., 2019). The

For SET-based methods, bond diss6éeiati
the reactive functional group affectin %a‘u

lower the ionisation potential of a&yomdﬁ\%
radical (Liang & Kitts, 2014%(1 &1

)@*electron donation to
ecreasing ythe |o |on potential values of

antioxidants with i mcreasm 1 ca reas Iectron donation capacity to

the free radical and ar% itself E&% e dical cation (Apak et al., 2016;
ntio

Esfandietal., 2019 Kmostf tassays of SET-dependent are trolox

equivalent antl apa ), f on reducing antioxidant power (FRAP),

2,2- dlpheny -15pic lhy a::?w'al G enging capacity (DPPH), and 2,2’-azinobis

(3-ethy % iazolifie-6-sulfonic q‘ﬁj) (ABTYS) radical scavenging capacity assays
ta

(Esfm&

% he other important chemical mechanism is transient metal ion chelation (Zou
2

2019; Sohaib eta];~’2016 Zou et al., 2016).

, 2016). This chemical mechanism involved is inhibition of the Fenton reaction to
revent generation of hydroxyl radicals which lead to lipid oxidation (Li et al., 2015;

Lim et al 2013). Unlike HAT and SET mechanisms, the metal chelation functionality
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of antioxidants neutralise reaction between a Lewis base (antioxidant) and a Lewis acid
(metal ion) without involve the donation of hydrogen atoms or, electronsw
antioxidant (Apak et al., 2016). The antioxidant assays related to metal @1 are

EDTA Equivalent Iron Chelation Capacity (EECC), and Carnosine ‘E&Ient Iron

Chelation Capacity (CECC) (Zou et al., 2016). ?
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