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ABSTRACT

PHYSICOCHEMICAL AND ANTIOXIDANT PROFILING OF

COMMERCIAL FERMENTED MILK DRINKS

Chang Yu Jie

Fermented dairy-based beverages have been consumed for centuries and
continue to be widely popular in contemporary markets. Numerous brands of
fermented milk drinks are commercially available, yet their physicochemical and
antioxidant properties vary depending on the production process. This study
aimed to analyse the physicochemical and antioxidant properties of selected
commercially available natural flavoured fermented milk beverages produced by
different food companies. The samples included three cultured milk drinks
(Yakult®, Vitagen®, and Betagen) and three yogurt drinks (Farm Fresh®, Lactel,
and Yobick). Physicochemical parameters, including pH, total titratable acidity
(TTA), total soluble solids (TSS), and colour, were assessed, along with
antioxidant properties, including total phenolic content (TPC), total flavonoid
content (TFC), ferric reducing antioxidant power (FRAP), and DPPH radical
scavenging activity (RSA). Data were analysed using nested analysis of variance
(ANOVA) followed by Tukey's HSD test to determine significant differences

(p=0.05). Results indicated that Yakult® cultured milk exhibited the lowest pH

(3.984+0.044) and the highest TTA (6.79+0.91), reflecting the highest acidity and



a sour taste profile. Betagen cultured milk had the highest °Brix value
(17.4£0.10), suggesting greatest degree of sweetness. Cultured milk drinks
generally appeared darker and more yellowish, whereas yogurt drinks tended to
be lighter and exhibited less yellow intensity. In terms of antioxidant properties,
Farm Fresh® yogurt drink had the highest TPC (1.084+0.006) and TFC
(5.148+0.071), indicating greatest phenolic and flavonoid content due to the
presence of a greater number of probiotic strains. Lactel yogurt drink exhibited
the highest FRAP (3012.50+12.37) and RSA (50.2140.45), suggesting superior
antioxidant activity attributed to its high protein content in fermented milk base.
Fermentation conditions characterized by moderate acidity, the inclusion of acid-
producing and multiple probiotic strains, and the use of a high-protein milk base
were essential in order to produce fermented milk beverages with superior

antioxidant quality.
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CHAPTER 1

INTRODUCTION

The history of fermented dairy products dates back approximately 10,000 to
15,000 years, signifying their long-standing role in human nutrition and food
preservation (Bintsis and Papademas, 2022). In recent decades, global interest in
these products has surged due to growing awareness of the intricate relationship
between diet, gut health, and overall well-being. Fermentation process driven by
lactic acid bacteria (LAB), induces biochemical transformations that enhance the
nutritional and functional profiles of dairy (Joshi et al., 2024). Dairy products
serve as excellent matrices for probiotic inoculation, as their rich composition of
proteins, minerals, and vitamins provides a favourable environment for the
proliferation and metabolic activity of probiotic microorganisms (Andrade et al.,

2019).

Among fermented dairy products, cultured milk and yogurt drinks dominate the
functional food market. These beverages are prized for their probiotic content,
which includes strains like Lactobacillus casei, L. paracasei, L. bulgaricus,
and Streptococcus thermophilus. To deliver health benefits, these products must
maintain a minimum viable probiotic count of 10°® CFU/g at consumption
(Terpou et al., 2019). Regular intake is associated with improved gut health,

enhanced immunity, and resistance to pathogens (Shah et al., 2024).



The commercialization of fermented milk beverages accelerated in the 1930s
with Dr. Minoru Shirota’s development of Yakult®, a milestone that inspired
subsequent cultured milk beverage brands like Vitagen® and Betagen. Notably,
Vitagen® has been Malaysia’s leading cultured milk brand since 1977, reflecting
the country’s strong foothold in the probiotic market (Malaysia Milk Sdn Bhd,
2022; Yakult Malaysia Sdn Bhd, 2024). These products are characterized by a
tangy flavour and fortification with LAB strains that support digestive and

immune functions.

Similarly, yogurt drinks, which are derived from traditional milk fermentation
practices have been adapted to meet the modern consumer's demand for
convenience. Conventional fermented milk products such as lassi, dahi, and kefir
often necessitate additional preparation prior to consumption. For instance,
products may require stirring (e.g., lassi) or straining (e.g., for smoother dahi)
and are typically transferred to serving containers such as bowls or glasses.
Moreover, flavour enhancements such as sweeteners, salt, or spices are often
added manually. In contrast, yogurt drinks are produced as ready-to-consume
products that are commonly packaged in portable bottles or pouches. This design
facilitates utensil-free and on-the-go consumption without any need for
additional preparation or cleanup (Granato et al., 2010). These features make
yogurt drinks particularly suitable for individuals with busy schedules, including
during work hours, travel, or other time-constrained situations which align well

with the fast-paced lifestyle of contemporary consumers.



Although yogurt drinks have been modernized, they retain the core fundamental
principles of traditional milk fermentation. Produced using Lactobacillus
delbrueckii subsp. bulgaricus and Streptococcus thermophilus, these drinks
maintain cultural significance while delivering a creamy texture, pleasant flavour,
and probiotic benefits (Khurana and Kanawjia, 2007). This integration of
traditional value with modern convenience highlights their growing global

prominence within the functional food market.

The fermentation process significantly modifies the physicochemical properties
of dairy products, such as pH, viscosity, titratable acidity, total solids, and
syneresis. These changes directly affect product stability, texture, and sensory
attributes such as mouthfeel and flavour. The modifications in physicochemical
properties play a crucial role in achieving consistent quality and enhancing
consumer appeal (Norazura et al., 2020). As a result, fermentation ensures that
the final product meets expectations in terms of both structural integrity and

sensory satisfaction.

A key advantage of fermentation is its enhancement of antioxidant activity.
Bioactive compounds such as peptides, organic acids, and exopolysaccharides
generated during fermentation combat oxidative stress by scavenging free
radicals (Carvalho and Conte-Junior, 2023). Bioactive peptides, alongside
vitamins and probiotic metabolites, contribute to reduced risks of chronic
diseases, including metabolic disorders, cardiovascular conditions, and cancer

(Pham-Huy et al., 2008).



Consequently, fermented dairy beverages are recognized as functional foods
with potent nutritional and health-promoting properties. Their ability to enhance
gut microbiota, deliver antioxidants, and adapt to consumer preferences
solidifies their importance in modern diets. Building on these benefits, their
growing role in supporting long-term wellness further reinforces their global

relevance (Hadjimbei, Botsaris and Chrysostomou, 2022).

1.2 PROBLEM STATEMENTS

The commercial market is flourishing with a diverse range of cultured milk and
yogurt drinks, each varying in composition, processing methods and potential
health benefits. However, there is limited comparative data on their
physicochemical properties and antioxidant content, which are critical indicators
of their nutritional value and functional benefits. Consumers and industry
stakeholders lack a standardized reference to determine which brands offer an
optimal balance of physicochemical stability and antioxidant potency. This study
characterizes and compares the physicochemical and antioxidant properties of
six popular commercial fermented milk beverages in Malaysia, of which
includes three different brands of cultured milk drinks (Yakult®, Vitagen® and
Betagen) and three different brands of yogurt drinks (Lactel, Farm Fresh® and
Yobick). Current findings provide insight into a better understanding of the
physicochemical and antioxidant variations among these products, identifying
the brands that exhibit superior physicochemical balance and higher antioxidant

content.



1.3

OBJECTIVES

. To determine the physicochemical properties of six commercial

fermented milk drinks by using pH, total titratable acidity, total soluble

solids, and colorimetric analysis.

. To study the antioxidant properties of six commercial fermented milk

drinks by conducting total phenolic content (TPC) analysis, total
flavonoid content (TFC) analysis, ferric reducing antioxidant power

(FRAP) assay and DPPH radical scavenging activity (RSA) assay.



CHAPTER 2

LITERATURE REVIEW

2.1 Lactic Acid Bacteria (LAB)

Lactic acid bacteria (LAB) are a diverse group of Gram-positive, non-spore-
forming, facultative anaerobic bacteria widely used in food fermentation,
particularly in dairy products (Akpoghelie et al., 2025). The most studied LAB
species include Lactobacillus acidophilus, Lactococcus lactis, Streptococcus
thermophilus, and Bifidobacterium bifidum. These microorganisms play a
crucial role in milk fermentation by enhancing food safety, improving sensory
attributes, and providing probiotic benefits. Due to their "Generally Recognized
as Safe" (GRAS) status, LAB are extensively applied in industrial dairy
production (Widyastuti, Rohmatussolihat and Febrisiantosa, 2014). The
fermentation process facilitated by LAB extends the shelf-life of milk, preserves

its nutrients, and enhances its texture and flavour.

2.1.1 Lactic Acid Fermentation Mechanisms

The fermentation process begins with LAB transporting lactose into bacterial
cells. There are two primary mechanisms for lactose uptake, including lactose
permease transport (LacY System) and phosphotransferase system (PTS). For
instance, Streptococcus thermophilus and Lactobacillus delbrueckii subsp.

bulgaricus use the LacY system, where lactose is transported into the cell



through a galactose-lactose antiport mechanism (Lorantfy et al., 2019). This
process involves expelling a molecule of D-galactose in exchange for lactose
uptake. Alternatively, lactose can also enter via a lactose/proton symport which
driven by a proton motive force (Xu, Zhang and Wang, 2022). On the other hand,
Lacticaseibacillus casei, Lacticaseibacillus rhamnosus, and Lactococcus lactis
utilize the PTS system, in which lactose is phosphorylated upon entry and
forming lactose-6-phosphate. This modification prevents lactose from exiting

the cell and directs it into glycolysis (Aleksandrzak et al., 2005).

2.1.1.1 Homolactic Fermentation

Based on Figure 2.1, once lactose enters the bacteria cell, enzyme [-
galactosidase hydrolyses it into glucose and galactose. Glucose then undergoes
glycolysis via the Embden-Meyerhof-Parnas (EMP) pathway to produce
pyruvate. In homolactic fermentation, pyruvate is directly reduced to lactic acid
by lactate dehydrogenase and regenerating NAD™ to sustain glycolysis (Wolfe,
2015). This process employs of species such as Lactobacillus delbrueckii and

Streptococcus thermophilus (Arioli et al., 2017).
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Figure 2.1: Illustration of glucose metabolism through homolactic fermentation
in lactic acid bacteria (LAB) via glycolysis pathway (Vivek et al., 2019).

2.1.1.2 Heterolactic Fermentation

In heterolactic fermentation, LAB lack the enzyme aldolase, which is essential
for the glycolytic pathway. Instead, these bacteria metabolize glucose via the
phosphoketolase pathway (Pessione, 2012). As shown in Figure 2.2, this
pathway involved the oxidation of glucose-6-phosphate to 6-phosphogluconate,
and subsequently decarboxylated to produce ribulose-5-phosphate. This
intermediate is then cleaved by phosphoketolase into glyceraldehyde-3-
phosphate and acetyl phosphate (Vivek et al., 2019). These by-products are
further processed to yield lactic acid, acetic acid, ethanol, and carbon dioxide,
all of which contribute to the unique organoleptic properties of fermented dairy

8



product. Microorganisms that rely exclusively on this metabolic pathway for

carbohydrate consumption are known as obligate heterofermentative bacteria,

including Lactobacillus brevis, Lactobacillus fermentum, and Lactobacillus

reuteri (Bintsis, 2018).
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Figure 2.2: Illustration of glucose metabolism through heterolactic fermentation

in lactic acid bacteria (LAB) via glycolysis pathway (Vivek et al., 2019).

2.1.2 Preservation and Antimicrobial Properties

LAB play a critical role in milk preservation through acidification and the

production of antimicrobial compounds. The lactic acid lowers the pH of milk,

9



inhibiting the growth of spoilage microorganisms and foodborne pathogens such
as Listeria monocytogenes and Escherichia coli (Ibrahim et al., 2021).
Furthermore, LAB strains produce bacteriocins, small antimicrobial peptides
that inhibit the growth of competing bacteria. For example, Lactococcus lactis
produces nisin, a well-characterized bacteriocin widely used as a natural
preservative in dairy and other food products. This is because nisin is effective
against a broad spectrum of Gram-negative and Gram-positive bacteria

(Sobrino-Lopez and Martin-Belloso, 2008).

2.1.3 Flavour and Texture Development

LAB significantly influence the sensory attributes of fermented dairy products.
The breakdown of lactose, proteins, and fats by LAB enzymes leads to the
formation of volatile compounds such as diacetyl, acetoin, and organic acids,
which contribute to characteristic dairy flavours (Smit, Smit and Engels, 2005).
In yogurt production, Streptococcus thermophilus and Lactobacillus delbrueckii
subsp. bulgaricus work symbiotically to enhance both acidity and aroma (Yang
etal., 2025). Besides, the production of exopolysaccharides (EPS) by strains like
Lactobacillus rhamnosus and Lactobacillus plantarum contributes to a creamy
and thick consistency in fermented milk products (Juraskova, Ribeiro and Silva,

2022).

2.1.4 Health Benefits of LAB

Fermented dairy products containing LAB provide numerous health benefits,

primarily due to their probiotic properties (Figure 2.3). Specific LAB strains,

10



such as Lactobacillus casei, Lactobacillus reuteri, and Bifidobacterium longum,
play a crucial role in modulating the intestinal microbiota and strengthening the
intestinal barrier. These probiotics enhance gut integrity by promoting mucus
production, reinforcing tight junction proteins, and preventing harmful bacteria
and toxins from crossing into the bloodstream (Dempsey and Corr, 2022).
Besides, LAB stimulate the production of short-chain fatty acids (SCFAs), such
as butyrate, which serves as an energy source for intestinal cells to support
epithelial regeneration and strengthens the intestinal barrier (Hodgkinson et al.,
2023). This contributes to improved digestive function, enhanced nutrient
absorption, and reduced gastrointestinal issues such as bloating, diarrhea, and
constipation, ultimately promoting overall gut resilience (Den Besten et al.,

2013).

LAB strains have been studied for their potential to alleviate lactose intolerance.
For example, Streptococcus thermophilus and Lactobacillus delbrueckii spp.
bulgaricus can produce maximum amount of [-galactosidase, the enzyme
responsible for breaking down lactose found in milk (Ahn et al., 2023). This
enzymatic activity occurs during fermentation, partially hydrolysing lactose into
its simpler sugar components such as glucose and galactose, which are more
easily absorbed in the intestines. When individuals with lactose intolerance
consume fermented dairy products, LAB aid in lactose digestion and reduce the
symptoms such as bloating, gas, and diarrhea (Ayivi et al., 2020). As a result, the
presence of LAB makes fermented dairy a suitable option for those with lactose

sensitivity.

11



Table 2.1: Functional benefit of fermented milk products using lactic acid
bacteria (Widyastuti, Rohmatussolihat and Febrisiantosa, 2014).

Product name Origin Culture Functional benefit
Probiotic Ontario, L. rhamnosus Nutrition and
yogurt Canada CAN-1 immune function
for people living
with HIV
Mix ewe’s and  Antakya-Hatay, S. thermophilus High short chain
goat’s milk Turkey and L. delbrueckii free fatty acids
yogurt subsp. bulgaricus
(codes: CH-1 and
YF-333)
Ayran (yoghurt Turkey L. plantarum, L. High
from goat milk) brevis, exopolysaccharide

L. paracasei
subsp. paracasei,
L. casei subsp.

pseudoplantarum
Gioddu, Sardinian, Italy . thermophilus, Probiotic
traditional L. lactis subsp.
fermented lactis, L.
sheep or goat delbrueckii subsp.
milk bulgaricus, L.

casei subsp. casei,
L. mesenteroides
subsp.
mesenteroides
Tarag Mongolia L. helveticus, L. Probiotic
lactis subsp.
lactis, L.casei

Fermented milk Japan L. casei strain Maintenance
Shirota treatment for
myelopathy/tropical
spastic paraparesis
(HAM/TSP)
patients
Koumiss from Italy L. delbrueckii Antiallergic
mare’s milk subsp. bulgaricus,
S. thermophilus
Lben Marocco Spontaneously/not  Low fat and high
identified calcium traditional
product

12



Functional Italy L. lactis DIBCA2, Enriched of
fermented milk L. plantarum Angiotensin-I
PUI11 Converting Enzyme
(ACE)-inhibitory
peptides and G-
amino butyric acid
(GABA)
Kumis West Colombia E. faecalis, E. ACE Inhibitor
faecium
Ewe milk, Iran L. brevis Cholesterol
traditional reduction
yoghurt
Maasai Kenya L. plantarum, L. Diarrhoea and
fermentum, L. constipation
acidophillus, L.
paracasei
Suusac Kenya L. curvatus, L.
plantarum, L.
salivarius, L.
raffinolactis,
Leuconostoc
mesenteroides
subsp.
mesenteroides.
2.2 Fermented Milk Drinks

Fermented milk beverages encompass a diverse range of dairy products that have
undergone biotransformation through microbial fermentation, primarily
mediated by lactic acid bacteria (LAB) and, in some cases, yeast. This category
includes cultured milk drinks, yogurt drinks, buttermilk, sour cream, kefir,
acidophilus milk and koumiss (Jang, Lee and Paik, 2024). The controlled
fermentation process induces a series of biochemical reactions that significantly
modify the milk’s physicochemical composition, sensory characteristics, and

shelf life while also enhancing its nutritional and potential health benefits. These

13



transformations involve the production of organic acids, bioactive peptides,
exopolysaccharides, and various metabolites that contribute to improved
digestibility, probiotic activity, and potential immunomodulatory effects (Sawant

etal., 2025).

2.2.1 Cultured Milk Drinks

Cultured milk drinks, such as Yakult®, Vitagen®, and Betagen, are probiotic-rich
fermented dairy beverages containing beneficial microorganisms. Yakult®
primarily contains Lactobacillus paracasei strain Shirota, while Vitagen®
includes Lactobacillus acidophilus and Lactobacillus paracasei, and Betagen
features Lactobacillus paracasei as its dominant probiotic strain. Among these,
L. paracasei is particularly notable for its ability to withstand gastrointestinal

conditions and contribute to gut microbiota homeostasis.

Their production involves the addition of skimmed milk powder and whey
powder to enhance fermentation efficiency, texture, stability, and sensory
properties, contributing to a high-quality final product. Cultured milk drinks
have a relatively low viscosity compared to traditional fermented dairy products
like yogurt. Therefore, controlling the total solids content in the milk base to
maintain a smooth and uniform consistency. Skimmed milk powder increases
the non-fat solids, which improves the body and mouthfeel of the drink, while
whey powder contributes to better emulsion stability and reduces whey syneresis

due to its protein content (Akal and Yetisemiyen, 2016.; Arab et al., 2023). These
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ingredients are important for preventing sedimentation and ensuring the even

distribution of probiotic bacteria.

Furthermore, the presence of milk proteins and minerals in skimmed milk
powder and whey powder can enhance cell viability and probiotic stability
during fermentation and storage (Alsaleem et al., 2023). The high lactose content
in whey powder also provides an additional fermentable sugar source. As a result,
it promotes bacterial metabolism and leads to more efficient lactic acid

production (Zeng et al., 2023).

These beverages are characterized by a mildly tangy taste due to microbial
fermentation as lactose is metabolized into lactic acid. To enhance palatability,
these beverages often contain added sugars and fruit flavours, making them

sweeter than traditional fermented dairy products such as kefir and plain yogurt.

2.2.1.1 Yakult®

Yakult® is a Japanese sweetened probiotic milk beverage fermented with bacteria
strain Lacticaseibacillus casei Shirota. The name "Yakult" originates from the
Esperanto word "jahurto", meaning "yogurt"(Yakult Honsha Co., Ltd., 2019).
This reflect the brand’s global vision through the use of Esperanto which is the
world’s most widely spoken constructed international auxiliary language (Li,
2003). This beverage is widely recognized for its ability to support gut health by

promoting a balanced intestinal microbiota through the presence of live probiotic
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bacteria. Regular consumption may contribute to improved digestion, enhanced

immune function, and overall gastrointestinal well-being (Chen et al., 2019).

Yakult® is formulated using ingredients, including sugar, skimmed milk powder,
glucose, and vitamin D, which serve as nutrient sources for both the probiotic
bacteria and the consumer. The fermentation process allows L. paracasei Shirota
to thrive, ensuring a high concentration of live bacteria capable of surviving
stomach acid and reaching the intestines, where they exert beneficial effects.
Moreover, Yakult® Ace Light is available as a lower-sugar alternative, catering
to consumers seeking a reduced sugar intake while still benefiting from its

probiotic properties.

2.2.1.2 Vitagen®

Vitagen® is a Malaysia’s No. 1 cultured milk beverage made from fermented
skimmed milk and contains live probiotic cultures, primarily Lactobacillus
acidophilus and Lactobacillus casei (Vitagen Malaysia, 2022). These probiotic
strains are known for their ability to survive stomach acid and promote a healthy
gut microbiota, contributing to improved digestion and overall gastrointestinal
health (Vitagen Malaysia, 2024). Similar to Yakult®, Vitagen® is formulated to

support gut health by introducing beneficial bacteria into the digestive system.

Unlike Yakult®, which comes in a single formulation, Vitagen® is available in

multiple flavours, including grape, apple, orange, and original as well as less-
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sugar version. Besides, it also offered in both regular and less sugar versions.
These variations provide consumers with more options to suit their preferences

while still delivering the health benefits associated with probiotic consumption.

2.2.1.3 Betagen

Betagen is a Thai probiotic dairy drink made from fermented skimmed milk,
sugar, and live probiotic cultures, primarily Lactobacillus casei. It is designed to
support digestive health by promoting a balanced gut microbiota, aiding in

digestion, nutrient absorption, and immune function (Betagen Co., Ltd., n.d.).

Unlike Yakult® and Vitagen®, which are typically sold in small bottles, Betagen
comes in various bottle sizes, including larger options suitable for multiple
servings. It also comes in multiple flavours, including Betagen Fat 0% (a fat-free
variant), Betagen Light (a lower-sugar option), and flavoured varieties such as
strawberry, pineapple, and orange. These options allow consumers to choose a
product that best suits their dietary preferences while still benefiting from its

probiotic properties.

2.2.2 Yogurt Drinks

Yogurt drinks are fermented dairy beverages which offering probiotic
functionality, improved digestibility and convenient consumption. They are
produced by fermenting milk with live cultured, including Bifidobacterium, L.

paracasei, L. acidophillus, L. bulgaricus and S. thermophilus (Tabasco et al.,
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2007). During fermentation, the bacterial cultures convert lactose into lactic acid
through glycolysis, leading to a reduction in pH and the coagulation of milk
proteins, primarily casein. This acidification alters the rheological and textural
properties of the milk, producing a naturally thick and creamy consistency
characteristic of yogurt (Jaros and Rohm, 2003). Unlike conventional yogurt,
where coagulation results in a semi-solid gel structure, yogurt drinks undergo
mechanical agitation post-fermentation to disrupt the gel network (Lee and
Lucey, 2010). This step is followed by dilution with water, milk, or fruit juice,
which reduces viscosity and transforms the product into a pourable or drinkable
consistency. The choice of diluent can influence the nutritional profile, flavour,
and sensory attributes of the final product. The formulations may also
incorporate stabilizers such as pectin to maintain homogeneity and prevent phase

separation during storage.

2.2.2.1 Farm Fresh®

Farm Fresh® yogurt drink is a Malaysian probiotic dairy beverage produced from
fresh yogurt, fermented with live probiotic cultures such as Lactobacillus
acidophilus and Bifidobacterium spp.. It is formulated to support gut health by

promoting a balanced intestinal microbiota and enhancing digestive function.

A distinguishing feature of Farm Fresh® yogurt drink is its use of fresh yogurt
sourced directly from its own farms to ensure a high-quality ingredient and a
natural, rich flavour profile (Farm Fresh Berhad, n.d.). Farm Fresh® yogurt drink

contains no preservatives and is available in multiple flavours, including natural,
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mango, strawberry, and mixed berries, catering to a wide range of consumer

preferences.

2.2.2.2 Lactel

Lactel yogurt drink is a flavoured probiotic dairy beverage produced by Lactalis
Malaysia, formulated to deliver both digestive health benefits and a rich,
indulgent taste experience. It is made from solid cow’s milk and contains live
probiotic cultures, including Bifidobacterium, Lactobacillus acidophilus, L.
paracasei, L. bulgaricus, and S. thermophilus, which contribute to gut health and
improved digestion. Lactel yogurt drink is positioned as a premium yogurt drink
by offering a creamier texture and enriching with real fruit juice for enhanced
flavour (Lactalis Group, 2023). It is available in a variety of fruit-infused
flavours, including natural, passion fruit, and strawberry, catering to diverse

consumer preferences.

2.2.2.3 Yobick

Yobick yogurt drink is a Japanese-style probiotic dairy beverage known for its
light, smooth texture and mildly sweet taste. Produced by Pokka, it is formulated
to support digestive health by incorporating live probiotic cultures, which help
maintain a balanced gut microbiota and aid digestion. Unlike traditional yogurt
drinks, Yobick has a lighter consistency and a refreshing, less tangy flavour,

making it a popular choice among consumers who prefer a milder taste. Yobick

19



yogurt drink is available in various flavours, including Original, Sakura and Fuji
apple to cater to different taste preferences. Besides, Yobick Lite+ is marketed
as a low-calorie option, appealing to health-conscious consumers looking for a

refreshing yet functional yogurt drink (Yobick Philippines, n.d.).

2.2.3 Differences Between Cultured Milk Drinks and Yogurt Drinks

One key difference between cultured milk drinks and yogurt drinks is the type
of milk base used. Cultured milk drinks are typically made by mixing skimmed
milk powder with warm water (Shabbir et al., 2023). In contrast, yogurt drinks
are produced from fresh liquid milk that undergoes direct fermentation, leading
to a naturally developed texture and consistency (Aryana and Olson, 2017). This
difference affects the texture and mouthfeel, with cultured milk drinks being
smoother and more fluid. Meanwhile, yogurt drinks develop a thicker

consistency due to the coagulation of milk proteins during fermentation.

The probiotic content also varies between these two fermented milk drinks.
Cultured milk drinks, such as Yakult®, typically contain a single bacterial strain,
Lactobacillus paracasei, with a probiotic count of at least 1x10° CFU per 100
mL. In comparison, yogurt drinks generally have a higher concentration of
probiotics, ranging from 10° to 10° CFU/ mL, due to the presence of a diverse
range of beneficial bacteria (Wang et al., 2024). The fermentation process
involves multiple lactic acid bacteria (LAB) strains, including Bifidobacterium,
Lactobacillus paracasei, Lactobacillus acidophilus, Lactobacillus bulgaricus,

and Streptococcus thermophilus (Nyanzi, Jooste and Buys, 2021).
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2.3  Physicochemical Properties

Physicochemical properties refer to the physical and chemical attributes of a
substance that influence its behaviour, structure, and interactions with the
environment. These properties encompass both intrinsic characteristics, such as
molecular composition and reactivity, and extrinsic factors, like temperature and
pressure (Igual and Martinez-Monz6, 2022). In the context of fermented dairy
products, physicochemical properties are important in determining the quality,
consistency, and sensory attributes of the product. The key factors, including pH,
titratable acidity (TTA), total soluble solids (TSS), and colour, directly impact
product stability, texture, flavour as well as mouthfeel, which in turn influence
consumer acceptance and preferences. Control over these properties is essential
for ensuring product uniformity, extending shelf life, and maintaining the desired

sensory characteristics throughout the distribution and consumption process.

2.3.1 pH and Total Titratable acidity (TTA)

Fermented beverages typically exhibit low pH and high total titratable acidity
(TTA) due to the metabolic activities of fermentative microorganisms, primarily
lactic acid bacteria, yeasts, and acetic acid bacteria. According to Romao et al.
(2024), the pH of fermented milk beverages generally falls below 4.0. This is
attributed to the production of acidic byproducts during fermentation, such as
lactic acid, which increase the hydrogen ion concentration and subsequently
lower the pH (Matela, Pillai and Thamae, 2019). The accumulation of lactic acid
is also essential for the development of the characteristic thickened texture and
consistency of fermented milk products, as it induces coagulation of milk

proteins, particularly casein to form a gel-like structure (Chen et al., 2016).
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Total titratable acidity (TTA) refers to the overall concentration of both
dissociated and undissociated acids in a beverage. TTA is determined through
titration with a strong base, sodium hydroxide (NaOH), to a predetermined
endpoint (Tyl and Sadler, 2017). Unlike pH, which measures only the
concentration of free hydrogen ions, TTA provides a comprehensive assessment
of the total acid load, including weak acids that do not fully ionize. The
accumulation of organic acids during fermentation increases TTA and
contributes to the formation of various flavour compounds, which play a key role

in defining the sensory profile of the final product.

2.3.2 Total Soluble Solids (TSS)

Total soluble solids (TSS) are a key parameter in fermented milk beverages,
representing the concentration of dissolved components, primarily total sugars,
with smaller contributions from soluble proteins, amino acids, and other organic
compounds (Hadiwijaya et al., 2020). TSS is typically expressed in degrees Brix
(°Brix), which is determined based on the refractive index of the solution,
defined as the ratio of the speed of light in a vacuum to its speed as it passes
through the sample (Hadiwijaya et al., 2020). A higher TSS value indicates a
more concentrated solution, as the increased density of dissolved solids reduces
the speed of light transmission. Besides, high TSS the enhances viscosity, texture,
and creaminess of fermented milk drinks due to the greater total solids content

(Bista et al., 2020).
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Sugars present in TSS serve as a key energy source for lactic acid bacteria (LAB)
in order to help maintain microbial activity throughout fermentation and storage
(Zheng et al., 2024). During fermentation, LAB break down lactose and other
sugars into organic acids, lowering the pH and creating the characteristic sour
taste. To balance the acidity and improve overall taste, residual sugars or added
sweeteners are often necessary to enhance sweetness perception and consumer

acceptance.

2.3.3 Colour

Colour is a critical physicochemical property of fermented milk beverages as it
directly influences consumer perception of taste, aroma, and overall flavour
profile. It also plays a significant role in appetitive behaviours, with visual cues
affecting perceptions of freshness, sweetness, and product identity (Spence,
2016). As a result, variations in colour intensity can alter consumer expectations

and sensory evaluation of the product.

The objective assessment of colour in fermented milk beverages is typically
conducted using colorimetry, with the CIE Lab colour system as the standard
method for quantification (Milovanovic et al., 2020). This system measures
colour based on three parameters: L* (lightness), a* (red-green spectrum), and
b* (yellow-blue spectrum). The L* value indicates brightness, where higher
values correspond to a whiter appearance, often associated with freshness and
high-quality dairy products (Karlsson et al., 2019). The a* value quantifies shifts

between red and green, while the b* value measures variations along the yellow-
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blue axis. Standardized colour measurement allows producers to maintain batch-
to-batch consistency in appearance, ensuring product quality, enhancing

consumer appeal, and supporting marketability (Chudy et al., 2020).

24 Antioxidant Properties

Antioxidants play a critical role in mitigating oxidative stress, a condition that
arises due to an imbalance between the production of reactive oxygen species
(ROS) and the body's capacity to neutralize their deleterious effects (Chandimali
et al., 2025). Oxidative stress is implicated in cellular damage, affecting key
biomolecules such as lipids, proteins, and nucleic acids. Antioxidants counteract
ROS through various mechanisms, including free radical scavenging, electron
donation, hydrogen atom transfer, and the inhibition of oxidative enzyme activity
(Shahidi and Zhong, 2015). These protective functions are fundamental in
preventing oxidative damage, which is closely linked to aging and the
pathogenesis of numerous chronic diseases, including cardiovascular disorders,

neurodegenerative conditions, and cancer (Chaudhary et al., 2023).

Among the diverse classes of antioxidants, phenolic compounds are particularly
noteworthy due to their strong redox potential. These structurally diverse
compounds include flavonoids, phenolic acids, tannins, and lignans, each
contributing to antioxidant activity through distinct molecular interactions
(Garcia-Pérez et al., 2023). Phenolic compounds are widely present in plant-
based foods and functional ingredients. For example, they are abundant in fruits,

vegetables, whole grains, tea, coffee, medicinal plants, and fermented products,
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making them essential constituents of a health-promoting diet (Delgado,
Gongalves and Romano, 2023). Their consumption has been associated with a
reduction in systemic inflammation, improved cardiovascular function, and
neuroprotective effects, further reinforcing their significance in functional foods

and therapeutic applications (Tungmunnithum et al., 2018).

In addition, phenolic compounds contribute to cellular homeostasis by
modulating intracellular signalling pathways involved in oxidative stress and
inflammation. Notably, they activate nuclear factor erythroid 2-related factor 2
(Nrf2), a key regulator of antioxidant defence mechanisms, while
simultaneously suppressing pro-inflammatory mediators (Kim, Cha and Surh,
2010). Through these molecular interactions, phenolic compounds not only
reduce oxidative damage but also influence cellular responses that mitigate the

risk of chronic diseases.

Given their broad-spectrum health benefits and natural abundance, phenolic
antioxidants have garnered increasing interest in the fields of nutrition,
pharmacology, and functional food development. Ongoing research continues to
explore their molecular mechanisms and therapeutic potential, highlighting their
role as valuable bioactive compounds in disease prevention and health

promotion.
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2.4.1 Gallic Acid

Gallic acid (GA), or 3,4,5-trihydroxybenzoic acid, is one of the simplest
naturally occurring phenolic compounds found in plants. In its pure form, GA
appears as white or light brown needle-like crystals or powder, with a melting
point between 235 and 240°C, at which it undergoes decomposition (National
Center for Biotechnology Information, 2004). It has a molecular formula of
C-7HesOs and a molecular weight of 170.12 g/mol. As shown in Figure 2.4, GA
consists of a tri-hydroxylated benzene ring, with hydroxyl (-OH) groups at the
3, 4, and 5 positions, and a carboxyl (-COOH) functional group at the 1 position
(Hadidi et al., 2024). Due to its phenolic and carboxylic acid groups, GA is
classified as an organic acid with a single benzene ring structure. Besides, GA is
structurally unstable as it loses crystallized water when heated to 100—120 °C

and releasing carbon dioxide at temperatures above 200°C (Bai et al., 2021).

HO
OH

HO
OH

Figure 2.3: Structure of gallic acid (Hadidi et al., 2024).

Among polyphenolic compounds, GA is a low-molecular-weight tri-phenolic
compound recognized for its strong antioxidant and anti-inflammatory
properties (Badhani, Sharma and Kakkar, 2015). It also exhibits a wide range of

pharmacological activities, including anti-tumor, antibacterial, anti-diabetic,
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anti-obesity, antimicrobial, and cardioprotective effects (Kahkeshani et al.,
2019). These bioactive properties have contributed to increasing interest in GA’s
potential applications in medicine, functional foods, and therapeutic

formulations.

2.4.2 Quercetin

Quercetin (3,5,7,3’,4’-pentahydroxyflavone) is a flavanol-type flavonoid that
serves as the structural backbone for many other flavonoids. As shown in Figure
2.5, quercetin is characterized by a C6-C3-C6 skeleton, comprising two benzene
rings linked by an oxygen-containing pyrone ring, a defining feature of
flavonoids (Malaguti, Angeloni and Hrelia, 2013). The presence of five hydroxyl
(-OH) groups contributes to its strong antioxidant, anti-inflammatory, and metal-

chelating properties, which are essential to its biological activity (Qi et al., 2022).

OH
OH

HO O

OH
oH O

Figure 2.4: Structure of quercetin (Malaguti, Angeloni, and Hrelia, 2013).

Quercetin and its derivatives exhibit diverse pharmacological effects, making
them valuable in functional foods, nutraceuticals, and therapeutic applications.
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Notably, quercetin demonstrates anticancer properties by inhibiting human
cathepsin B, a cysteine protease implicated in tumour progression, metastasis,
and tissue invasion (Magar and Sohng, 2019). Additionally, it possesses
cardioprotective, neuroprotective, and antimicrobial properties, reinforcing its
potential role in preventing and managing oxidative stress-related diseases

(Aghababaei and Hadidi, 2023).

2.4.3 Ascorbic Acid

Ascorbic acid (AA), commonly known as Vitamin C, is widely recognized for
its potent antioxidant properties. According to the National Center for
Biotechnology Information (2011), AA has a molecular formula of CsHsOs and
a molecular weight of 176.12 g/mol. As shown in Figure 2.6, AA consists of a
six-carbon lactone ring with enolic hydroxyl (-OH) groups at the 2 and 3

positions, which contribute to its strong reducing capacity (FEEDAP, 2013).

Figure 2.5: Structure of ascorbic acid (FEEDAP, 2013).

In its pure form, AA appears as a white to slightly yellow crystalline powder with
a melting point of approximately 190-192 °C, at which it undergoes

decomposition. It is highly sensitive to heat, light, and oxygen, which can lead
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to degradation and a loss of bioactivity upon prolonged exposure (FEEDAP,
2013). As a water-soluble vitamin, AA functions as a crucial antioxidant,
protecting cells from oxidative stress and contributing to various metabolic

processes (Gegotek and Skrzydlewska, 2022).

As an essential nutrient, AA plays a critical role in numerous physiological
functions, including collagen biosynthesis, immune defence, and iron absorption
(Traber and Stevens, 2011). Furthermore, it exhibits pharmacological properties
such as anti-inflammatory, neuroprotective, and wound-healing effects. Due to
its ability to neutralize reactive oxygen species, AA has been extensively studied
for its potential in preventing chronic diseases, particularly cardiovascular

disorders and neurodegenerative conditions (Chambial et al., 2013).

2.4.4 Mechanisms Action of Antioxidants

Antioxidants function primarily through two fundamental mechanisms: (i)
Hydrogen Atom Transfer (HAT) and (ii) Single Electron Transfer (SET). The
HAT mechanism involves the direct donation of a hydrogen atom from the
antioxidant to a free radical, neutralizing its reactivity and preventing oxidative
chain reactions (Tena, Martin and Asuero, 2020). This process depends on the
bond dissociation energy of the antioxidant, making it effective in lipophilic
environments such as biological membranes. The HAT-based method evaluates
the antioxidant potential to scavenge reactive oxygen species (ROS) by assessing
its ability to donate hydrogen atom as shown in the reaction below (Siddeeg et

al., 2021):
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ROO- + AH/ArOH — ROOH + A+/ArO¢

In contrast, SET mechanism involves the transfer of a single electron from the
antioxidant to the free radical, resulting in the reduction of the radical species
(Bibi Sadeer et al., 2020). The efficiency of this mechanism is largely influenced
by the redox potential of the antioxidant and its ionization potential, which the
energy required to remove an electron (Liang and Kitts, 2014). A lower
ionization potential facilitates easier electron abstraction, enhancing the
antioxidant's ability to donate electrons and neutralize reactive species. SET-
based reactions are more common in aqueous environments such as blood
plasma. The chemical reactions involved in SET mechanism in antioxidants as

shown in below (Hosseinzadeh et al., 2024):

ROO« + AH/ ArOH — ROO™+ AH+"/ ArOH*"

AH*"/ ArOH*" + H,0 = A+/ ArO+ + H30"

ROO" + H;0* & ROOH + H,0

Based on Figure 2.6, in most situations, these two reactions occur
simultaneously. The predominant mechanism depends on multiple factors,
including the antioxidant’s structure and solubility, the partition coefficient, and
the polarity of the solvent (Liang and Kitts, 2014). These physicochemical
properties influence whether an antioxidant favours hydrogen atom donation or

electron transfer under specific environmental conditions (Siddeeg et al., 2021).
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“IP” represents “ionization potential™; “BDE” represents “bond dissociation enthalpy™

Figure 2.6: Antioxidants neutralize free radicals through SET and HAT
mechanisms. In the SET mechanism, the ionization potential (IP) of the
antioxidant serves as the critical energetic parameter influencing its electron-
donating capacity and overall antioxidant activity. Conversely, in the HAT
mechanism, the bond dissociation enthalpy (BDE) of the antioxidant is the key
determinant and controlling its ability to donate a hydrogen atom and effectively
scavenge free radicals (Liang and Kitts, 2014).

2.4.5 Antioxidant Analysis Assays

The antioxidant mechanisms are evaluated using various assays. The methods of
evaluation of antioxidant activity must be rapid, reproducible, and require
minimal sample quantities. Besides, these methods should minimize interference
from the physical properties of the tested compounds to ensure accurate and

reliable evaluation.

Total phenolic content (TPC) and total flavonoid content (TFC) assays measure
the amount of antioxidants present in a sample to provide a quantifiable
assessment of the phenolic and flavonoid compounds, respectively. In contrast,

ferric reducing antioxidant power (FRAP) and DPPH radical scavenging activity
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assay are focus on the activity of these antioxidants. These assays evaluate the
antioxidant’s ability to reduce ferric ions or neutralize free radicals. The
inclusion of both types of tests, amount-based (TPC and TFC) and activity-based
(FRAP and DPPH) is important to ensure a comprehensive evaluation of both
the concentration and functional effectiveness of antioxidants in the samples.
This combination provides a balanced approach to understanding the antioxidant

potential of the compounds tested.

2.4.5.1 Total Phenolic Content (TPC)

The Total Phenolic Content (TPC) assay, commonly referred to as the Folin-
Ciocalteu (FC) method, is a well-established technique for quantifying phenolic
compounds in food products and beverages. The assay relies on the Folin-
Ciocalteu reagent, a mixture of phosphomolybdic and phosphotungstic acids,
which undergoes reduction in the presence of phenolic compounds (Martins et
al., 2021). This reaction is driven by a single electron transfer (SET) mechanism,
results in the formation of a blue-coloured chromophore, whose intensity is
proportional to the phenolic content and is measured spectrophotometrically at
765 nm (Molole, Gure and Abdissa, 2022; Pérez, Dominguez-Lopez and

Lamuela-Raventos, 2023).

Although the TPC assay provides a useful estimation of antioxidant capacity, it
is not entirely specific to phenolic compounds. Other reducing agents, such as
ascorbic acid and reducing sugars (e.g., glucose, fructose, maltose), can also

interact with the FC reagent, leading to potential overestimation of phenolic
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content (Lawag et al., 2023). Despite this limitation, the TPC assay remains a
widely used, cost-effective, and reproducible method for evaluating the

antioxidant potential of various food products and plant extracts.

2.4.5.2 Total Flavonoid Content (TFC)

The Total Flavonoid Content (TFC) assay is a spectrophotometric method used
to determine the concentration of flavonoids in a sample, which are key
contributors to antioxidant activity. This assay is commonly performed using the
aluminium chloride (AICls) colorimetric method, where flavonoids complex
with Al** ions to form a yellow chromophore (Shraim et al., 2021). The reaction
follows a single electron transfer (SET) mechanism, wherein flavonoids donate
electrons to the aluminium complex, leading to a measurable colour change at
415 nm (Erizal et al., 2024). The results are typically expressed in quercetin

equivalents (QE) or catechin equivalents (CE), depending on the standard used.

2.4.5.3 Ferric Reducing Antioxidant Power (FRAP)

The Ferric Reducing Antioxidant Power (FRAP) assay is a widely used method
for assessing the total antioxidant activity of a sample based on its ability to
reduce ferric ions (Fe*") to ferrous ions (Fe?"). This reduction reaction forms a
blue Fe**-TPTZ (2,4,6-tripyridyl-s-triazine) complex, which exhibits maximum
absorbance at 590—700 nm, depending on assay conditions. A higher absorbance
value indicates a greater reducing power, which correlates with the antioxidant

potential of the sample.
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According to Santos-Sanchez et al. (2019), the FRAP assay is performed under
acidic conditions (pH 3.6) to maintain iron solubility and optimize redox
reactions. The reducing ability of a compound depends on its degree of
hydroxylation and conjugation, which influence its capacity to donate electrons.
Moreover, the FRAP assay operates based on the single electron transfer (SET)
mechanism. This makes it particularly useful for evaluating antioxidants that
donate electrons rather than transfer hydrogen atoms through the hydrogen atom

transfer (HAT) mechanism.

2.4.5.4 DPPH Radical Scavenging Activity

The 2,2-diphenyl-1-picrylhydrazyl (DPPH) assay is a widely used method for
evaluating the radical scavenging activity of antioxidants. DPPH is a stable free
radical with an unpaired electron delocalized across the entire molecule, which
prevents dimerization and allows it to remain stable in organic solvents (Kedare
and Singh, 2011). It exhibits a deep violet colour in ethanol, with a maximum
absorption at 517 nm when measured using a UV-visible spectrophotometer

(Baliyan et al., 2022).

When antioxidants interact with DPPH, they donate either a hydrogen atom
(HAT mechanism) or an electron (SET mechanism), resulting in the reduction of
DPPH to DPPH-H (Gulcin and Alwasel, 2023). This reduction results in a colour
change from violet to pale yellow, with the degree of discoloration directly

proportional to the antioxidant concentration. Since it incorporates both SET and
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HAT mechanisms, the DPPH assay provides a comprehensive assessment of

antioxidant potential across different compounds.

Q.0 Q.0

*N
H5.0-6.6
O.N NO, + ArOH P_> O,N NO, .
+ ArO
L NO, J NO,
DPPH*

Figure 2.7: DPPH reduction by an antioxidant (Santos-Sanchez et al., 2019).
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CHAPTER 3

MATERIALS AND METHODS

3.1 Materials and Chemicals

Analytical-grade solvents and chemicals, including sodium hydroxide, 2%
phenolphthalein, methanol, gallic acid, sodium carbonate, Folin Ciocalteu
reagent, quercetin, sodium nitrate, aluminium chloride, 1,1-diphenyl-2-
picrylhydrazyl (DPPH) powder, L-ascorbic acid, ferrous sulphate, anhydrous
sodium acetate, glacial acetic acid, ferric chloride hexahydrate, hydrochloric
acid, 2,4,6-Tris(2-pyridyl)-s-triazine (TPTZ), and distilled water were provided

by the Department of Agricultural and Food Science, UTAR.

3.2 Samples and Storage

The two types of fermented milk, cultured milk (including brands such as Yakult,
Vitagen, and Betagen) and yogurt drinks (including brands such as Farm Fresh,
Lactel, and Yobick), were purchased from Lotus’s Kampar. All samples were

stored at 4°C in a refrigerator prior to analysis.

37



3.3  Analysis of Physicochemical Properties

3.3.1 pH and Total Titratable Acidity (TTA)

To determine the pH, a sample of 20 mL was placed into a beaker and the pH

was determined using a calibrated pH meter.

Based on the method outlined by Yang et al. (2018), TTA was measured by
diluting 5 mL of the sample with 5 mL of distilled water and titrating the mixture
with 0.1 M NaOH. Phenolphthalein (2%, w/v in 96-99% ethanol) was served as
the pH indicator, with the endpoint identified by the appearance of a pale pink
colour. TTA was expressed as the concentration of lactic acid (g) per 100 mL of
the fermented milk sample (Chaiyasut et al., 2017). The percentage of lactic acid

was calculated using the equation provided below:

) . M X V x Eq. Wt of Lactic acid
Percentage of Lactic Acid (%) = Sample Volume (mL) X 100%

Where,

M = Concentration of NaOH in M or mol/L

V = Volume of NaOH used in mL

Eq. Wt of lactic acid = 90.08 g/mol (Constant molecular weight of lactic acid)
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3.3.2 Brix Analysis

The total sugar concentration in the sample was measured using a refractometer.

The results were reported in °Brix and the corresponding temperature for each

measurement was recorded.

3.3.3 Colour Analysis

The colour of the samples was analyzed using a chromameter with SCE mode.
The measurements were based on the CIE-Lab colour space parameters, where
L* represents lightness (0O=black, 100=white), a* indicates the red-green
spectrum (-a*=green, +a*=red), and b* reflects the blue-yellow spectrum (-
b*=blue, +b*=yellow) (Andres et al., 2014). Liquid samples were placed in a
petri dish for measurement. Prior to data acquisition, zero calibration was carried
out using the device’s baseline reflectance measurement taken from the surface,
and white calibration was performed with the aid of the calibration cap to ensure

measurement accuracy.

3.4  Analysis of Antioxidant Properties

3.4.1 Sample Preparation

For antioxidant analysis, the samples were mixed with methanol and subjected
to centrifugation at 10,000 rpm for 10 min to obtain a clear solution (Wu et al.,
2023). The mixing ratio of the samples remained consistent, but it varied for each

specific test, as shown in the Table 3.1. The resulting clear solution was covered
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with aluminium foil and stored in a refrigerator in the absence of light until

further testing.

Table 3.1: Mixing ratio of sample and methanol for antioxidant properties
analysis.

Antioxidant Properties Analysis

TPC TFC FRAP DPPH
Sample 500 1000 1000 2500
Volume (nL)
Methanol 4500 4000 4000 2500
Volume (uL)
Total 5000 5000 5000 5000
Volume (nL)
Dilution 10 5 5 2
Factor

3.4.2 Total Phenolic Content (TPC) Analysis

The total phenolic content (TPC) was quantified using the Folin-Ciocalteu assay
with minor modifications, as described by Liang et al. (2024). A total of 0.2 mL
of the sample was mixed with 0.8 mL of distilled water and 0.1 mL of Folin-
Ciocalteu reagent. The mixture was allowed to react at room temperature for 3
minutes before the addition of 0.3 mL of 20% (w/v) sodium carbonate solution.
After thorough mixing, the solution was incubated in the dark at room
temperature for 2 hours. Distilled water served as the blank. Subsequently, 200
uL of the reaction mixture was transferred into individual wells of a 96-well

microplate, and absorbance was recorded at 765 nm using a microplate reader.
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A standard curve was constructed using gallic acid concentrations ranging from
0 to 50 pg/mL. Results were expressed as milligrams of gallic acid equivalents

per milliliter of sample (mg GAE/mL).

3.4.3 Total Flavonoid Content (TFC) Analysis

The total flavonoid content (TFC) was assessed using the aluminium chloride
colorimetric assay, with slight modifications to the method reported by Tang et
al. (2023). Specifically, 0.15 mL of 5% (w/v) sodium nitrate solution was added
to 0.2 mL of the sample. After a 6-minute incubation, 0.15 mL of 10% (w/v)
aluminium chloride solution was introduced, followed by another 6-minute
incubation period. Subsequently, 0.1 mL of 10% (w/v) sodium hydroxide
solution was added, and the mixture was vortexed to ensure uniformity. The
reaction mixture was then incubated in the dark at room temperature for 30
minutes. Distilled water was used as the blank control. After incubation, 200 pL
of the final solution was transferred into wells of a 96-well microplate, and
absorbance was measured at 510 nm using a microplate reader. A standard curve
was generated using quercetin at concentrations ranging from 0 to 500 pg/mL.
TFC values were expressed as milligrams of quercetin equivalents per milliliter

of sample (mg QE/mL).

3.4.4 Ferric Reducing Antioxidant Power (FRAP) Assay

The ferric reducing antioxidant power (FRAP) assay was performed based on
the modified procedure described by Hussein et al. (2022). The FRAP working

reagent was freshly prepared by mixing 300 mM sodium acetate buffer, 10 mM
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2.,4,6-tripyridyl-s-triazine (TPTZ) dissolved in 40 mM HCI, and 20 mM
FeCls:6H20 in a volumetric ratio of 10:1:1 (v/v/v). A 0.2 mL aliquot of the
sample was combined with 1.8 mL of the FRAP reagent, thoroughly mixed, and
incubated in the dark at room temperature for 5 minutes. Distilled water was
used as the blank. Following incubation, 200 pL of the reaction mixture was
transferred into wells of a 96-well microplate, and the absorbance was measured
at 593 nm using a microplate reader. A standard calibration curve was prepared
using ferric sulphate heptahydrate at concentrations ranging from 0 to 600 mM.
FRAP values were expressed as millimolar ferric sulphate equivalents per

milliliter of sample (mM Fe(II)/mL).

3.4.5 DPPH Radical Scavenging Activity Assay

The DPPH radical scavenging activity was evaluated following the modified
protocol of Li et al. (2019). A 0.15 mM DPPH stock solution was freshly
prepared by dissolving 5.915 mg of DPPH in 100 mL of 80% methanol. For the
assay, 0.5 mL of sample was combined with 0.5 mL of the DPPH solution and
mixed thoroughly using a vortex mixer. The mixture was then incubated in the
dark at room temperature for 30 minutes. Methanol served as the blank control.
Following incubation, 200 pL of the reaction mixture was transferred into
individual wells of a 96-well microplate, and the absorbance was measured at
517 nm using a microplate reader. A standard calibration curve was constructed
using ascorbic acid solutions at concentrations ranging from 0 to 20 pg/mL. The

radical scavenging activity was calculated using the following equation:
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Radical Scavenging Activity (%) = Econtro1~Asample 1 (g,

Acontrol

Where,
Acontrol = Absorbance of DPPH radical solution without sample

Asample = Absorbance of sample

3.5 Statistical Analysis

All results from this study were presented in triplicate as mean + standard
deviation (SD). IBM SPSS Statistics software (version 27) was used to perform
a nested analysis of variance (ANOVA) to analyse the data. The nested design
was necessary because the brands were different to each sample type, for
instance, Brand Yakult®, Vitagen®, and Betagen were exclusive to cultured milk,
while Brand Farm Fresh®, Lactel, and Yobick were only found in yogurt drinks.
The lack of overlap between brands across sample types required the used of

nested structure (NIST, 2021)

In this model, sample type (cultured milk drink and yogurt drink) was treated as
a fixed factor, while brand was considered a random effect nested within sample
type. This analysis included the main effect (sample type) and the interaction
effect (Type*Brand(nested)). If the main effect of sample type was significant
(p<0.05), it indicated that cultured milk drinks and yogurt drinks differed
significantly in their physicochemical and antioxidant properties. Conversely, a
non-significant result (p>0.05) would suggest no overall difference between the

two types.
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The interaction effect plays a critical role in determining how comparisons
among brands should be interpreted. If interaction effect is significant (p<0.05),
it suggests that the effect of specific brand depends on the sample type, and in
this case, interpreting the main effect separately becomes less meaningful.
Therefore, the comparisons can be made directly across the six brands. However,
if interaction effect is not significant (p>0.05), the brand comparisons should be

made within each sample type.

To further analyse significant differences detected in the nested ANOVA,
Tukey's Honest Significant Difference (HSD) test was conducted as a post-hoc
comparison. This test was applied to determine which specific brands differed

significantly in their physicochemical and antioxidant properties.

To interpret the results, if Tukey’s HSD test revealed significant differences,
alongside significant main and interaction effects, it suggests that a specific
brand within its respective sample type exhibited notable variation in

physicochemical and antioxidant properties.
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CHAPTER 4

RESULTS

4.1 Physicochemical Properties Analysis
4.1.1 pH

The pH of cultured milk drinks and yogurt drinks ranged from 3.98 to 4.47, as
shown in Table 4.1. A nested ANOVA revealed a significant interaction effect
between sample type and brand (p<0.001), indicating that the impact of brand
on pH differs depending on the sample type. In other words, each brand, while
nested within its sample type, has a significant effect on the pH when comparing
6 different brands. Among the tested samples, Yakult® cultured milk and Yobick
yogurt drink had the lowest pH (3.98+0.044 and 4.05+0.031, respectively), with
no significant difference between them. In contrast, Vitagen® cultured milk drink
had the highest pH (4.47+0.006), showing a significant difference from all other

samples, except Lactel yogurt drink.

Table 4.1: pH comparison in cultured milk drinks and yogurt drinks across 6
brands.

Sample Type Brand pH

Cultured Milk Drink Yakult® 3.98+0.044%
Vitagen® 4.47+0.006°
Betagen 4.35+0.002¢

Yogurt Drink Farm Fresh® 4.20+0.0062
Lactel 4.40+0.025P
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Yobick 4.05+£0.0314

* Superscript letters denote statistically significant differences among 6
samples, as determined by Tukey’s test at a significance level of a=0.05.

4.1.2 Total Titratable Acidity (TTA)

Total titratable acidity (TTA) of cultured milk drinks and yogurt drinks were
determined and calculated. The TTA values of cultured milk drinks and yogurt
drinks ranged from 4.92 g/L to 6.79 g/L, as presented in Table 4.2. A nested
ANOVA revealed a significant interaction effect between sample type and brand
(p=0.005), indicating that the impact of brand on TTA differs depending on the
sample type. In other words, each brand, while nested within its sample type, has
a significant effect on the TTA when comparing 6 different brands. Among the
tested samples, Yakult® cultured milk had a significantly higher TTA (6.79+0.91)
than Vitagen® cultured milk (4.92+0.45). However, there were no significant

differences in TTA among the other four brands.

Table 4.2: Total Titratable Acidity (TTA) in cultured milk drinks and yogurt
drinks across 6 brands.

Sample Type Brand Total Titratable
Acidity (g/L)
Cultured Milk Drink Yakult® 6.79+0.918
Vitagen® 4.92+0.454
Betagen 5.37+0.4548
Yogurt Drink Farm Fresh® 6.13+0.184B
Lactel 6.31+0.184B
Yobick 6.43+0.284B

* Superscript letters denote statistically significant differences among 6
samples, as determined by Tukey’s test at a significance level of 0=0.05.
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4.1.3 Total Soluble Solids (TSS)

The Brix values of cultured milk drinks and yogurt drinks ranged from 7.70 to
17.4°Bx, as shown in Table 4.3. A nested ANOVA revealed a significant
interaction effect between sample type and brand (p<0.001), indicating that the
impact of brand on Brix differs depending on the sample type. In other words,
each brand, while nested within its sample type, has a significant effect on the
Brix when comparing 6 different brands. Among all tested samples, Betagen
from cultured milk drink had the significantly highest Brix value (17.4+0.10