Enhancing Yoghurt Quality through
Incorporation of Mentha spicata, Moringa
oleifera, andMurrayakoenigii  Extracts: A
Comprehensive Evaluation of Phytochemical,
Physicochemical, Antibacterial and Sensory
Properties.

ABSTRACT

There is increasing demand for health-promoting beverages, which is prompting the dairy
industry to develop functional fermented milk products such as yoghurt to meet the demand.
The aim of this study was to investigate the impact of incorporating Mentha spicata (mint),
Moringa oleifera (moringa), andMurrayakoenigii(curry) leaf extracts into yoghurt to enhance
its nutritional and therapeutic benefits. The study also assessed the sensory,
physicochemical, microbiological, and antibacterial properties of the fortified yoghurts. The
study was carried out in the Department of Dairy Microbiology at Dairy Science College,
Bangalore, between January 2024 and April 2024. The experimental design involves the
systematic incorporation of different leaf extracts (Mentha spicata, Moringa oleifera, and
Murrayakoenigii) into yoghurt, followed by a series of analyses to evaluate the impact of
these extracts on various properties of the yoghurt. Curry leaf extract-fortified yoghurt was
the most preferred, excelling in color, texture, and overall acceptability. Mint-fortified yoghurt
was preferred for its flavor, while moringa yoghurt was less favored due to its strong, bitter
taste at a 5% concentration. Curry leaf yoghurt had the fastest setting time (4.5 = 0.03
hours), lowest syneresis (8= 0.01 %), and best stability. Moringa yoghurt exhibited the
highest acidity (0.81 + 0.01 % lactic acid) and lowest stability. All yoghurt samples, including
those with leaf extracts, were safe for consumption and enhanced growth of lactic acid
bacteria was observed in the fortified yoghurts. Curry leaf yoghurt showed the strongest
activity against Salmonella and Staphylococcus aureus, while mint yoghurt was more
effective against E. coli. The incorporation of leaf extracts significantly improved the sensory
gualities and functional benefits of yoghurt, making them promising ingredients for
developing health-promoting beverages. However, there is a need for optimization when
using these extracts to reduce its adverse taste effects, particularly at higher concentrations.
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1. INTRODUCTION

Fermented milk products, such as yoghurt, are among the most widespread and nutritionally
valuable foods available. Yoghurt, manufactured from milk by lactic acid fermentation
enabled by symbiotic yoghurt cultures Streptococcus thermohilus and Lactobacillus




delbrueckiisubsp bulgaricus, is renowned for its increasing global consumption and
popularity. This popularity is attributed to yoghurt's significant nutritional benefits and health
advantages. Yoghurt offers several health benefits, including improved lactose tolerance and
physiological advantages such as antimicrobial and anticancer properties. Additionally, it has
been shown to combat gastrointestinal infections, stimulate the immune system, and reduce
serum cholesterol levels [1, 2, 3].

The incorporation of botanical extracts into yoghurt has garnered significant interest due to
their potential to enhance the nutritional, sensory, and therapeutic properties of this widely
consumed dairy product. Recent studies have highlighted the benefits of integrating natural
extracts, such as those from mint, moringa, and curry leaves, into yoghurt, leveraging their
diverse phytochemical profiles for improved health benefits and sensory appeal.[4,.5, 6].
These plant extracts are known for their rich content of bioactive compounds, including
alkaloids, flavonoids, and phenols, which have been associated with . various
pharmacological and nutritional advantages, such as antimicrobial, antioxidant, and anti-
inflammatory activities [4, 7].

Mint (Mentha spicata), moringa (Moringa oleifera), and curry leaves (Murrayakoenigii) each
offer unique phytochemical compositions that may influence the sensory and functional
properties of yoghurt. Mint is praised for its robust flavor and potential health benefits due to
its high content of essential oils and phenolic compounds [8]. Maringa, often referred to as a
"superfood,” is noted for its high nutritional value and“medicinal properties, though its taste
can be a limiting factor when used in high concentrations [9].Curry leaves, known for their
distinctive flavor and therapeutic properties, have shown potential in improving the sensory
quality and stability of yoghurt [10].

This study aims to explore the impact of these extracts on yoghurt's sensory attributes,
physicochemical properties, and microbiological: quality. By evaluating their effects, this
research seeks to identify the most effective and acceptable natural ingredient for yoghurt
fortification, ultimately enhancing its" nutritional and therapeutic value while meeting
consumer preferences.

2. MATERIAL AND-METHODS

2.1 Plant material collection and preparation of leaves extracts

Samples of mint (Mentha spicata), moringa (Moringa oleifera) and curry leaves
(Murrayakoenigii).were collected from local markets of Hebbal.Upon arrival at the laboratory,
the leavesuwere separated from leaf stalks and cleaned to remove all foreign matter
adhered. The leaves were then washed with potable water followed by salt water and again
rinsed with potable water. The leaves were ground finely by using a mechanical blender and
filtered using a muslin cloth. The extracts obtained were heat treated at 85°C for 30 min to
ensure food safety and used for the addition into yoghurt.

2.2 Preliminary phytochemical screening of secondary metabolites of leaves extracts

Preliminary phytochemical screening for alkaloids (Wagners test),carbohydrates (Molisch’s
test), cardiac glycosides (Kellar -Keliani test ), flavonoids (Alkaline reagent test), polyphenols
(Ferric chloride test), saponins (Foam test), tannins (Braymer test) and terpenoids



(Salkowski test) was carried out for leaf extracts following standard methods previously
reported for their identification and confirmation [11,12,13,14,15].

2.3 Preparation of yoghurt incorporated with leaves extract

Leaf extract incorporated yoghurt was prepared using cow milk subjected to heat treatment
at 90°C for 10 minutes and yoghurt starter bacteria (Streptococcus thermophiles and
Lactobacillus delbrueckiisubsp. bulgaricus). Starter culture was inoculated at 42°C and
mixed. Afterwards, 5% sterilized leaf extract of mint (Y1), moringa (Y2) and curry leaves (Y3)
were added to the mixture. The inoculated milk was then transferred to polyethylene
terephthalate cups and incubated at 42°C until the coagulum was formed and was'followed
by rapid cooling. Yoghurt sample without any extracts served as control (Y). Time taken to
get the milk set was noted.

2.4 Physicochemical analysis of prepared yoghurt

2.4.1 Titratable acidity, pH and syneresis

Titratable acidity was determined using the method described by [16]."Exactly 1g of yoghurt
sample was mixed with 9 ml of distilled water. Three drops of phenolphthalein were added to
the mixture and titrated against 0.1 M NaOH. Titration end point was indicated by the
appearance of a pink colour and titratable acids (lactic acid percentage equivalent) was
calculated from the titre values. For determination of pH, 10 g of yoghurt sample was
dissolved in 100 mL of distilled water. The mixture was allowed to equilibrate at room
temperature and pH was measured using calibrated, digital pH meter (Esico pH meter).
Syneresis was measured by spreading 10 g of each yoghurt sample in to a thin layer to
cover the surface of Whatman No.1 filter paper and was allowed to rest on the top of a
funnel. The yoghurt was filtered under vacuum for 10 min. The quantity of remaining yoghurt
was weighed and the percentage of syneresis was calculated as per the equation described
by [17].

Free whey (%) = Initial weight of sample - Weight of sample after filtration X 100

Initial weight of sample
2.5 Analysis of proximate composition of prepared yoghurt

All yoghurt_ samples were analyzed for their proximate compositions such as moisture, total
solids, fat, protein, and lactose according to the AOAC procedures[18].

2.6Microbiological analysis of prepared yoghurt

For microbial analysis 10 g of sample was aseptically transferred to a flask containing 90 ml
sterile phosphate buffer to make the 10" dilution. Serial dilutions were made and total lactic
acid bacteria count, yeast and mold count and coliform count were determined according to
standard methods and the results were expressed as log CFU/ml [19]. Total lactic acid
bacteria, coliforms and Yeast and molds were enumerated on de Man, Rogosa and Sharpe
(MRS) agar incubated anaerobically at 37°C for 24 - 48 hours, Violet Red Bile Agar (VRBA)
at 37°C for 16-18 hours and malt extract agar (MEA) with pH adjusted to 3.5 using 10% filter
sterile lactic acid at 25 °C for 5-7 days respectively. All the media were sterilized prior to
inoculation by autoclaving at 121°C for 15 minutes.

2.7 Antibacterial activity



Agar well diffusion method was used to determine the antibacterial activity of leaf extract
incorporated yoghurt samples against Staphylococcus aureus, Escherichia coliand
Salmonella. 20 ml of sterilized Muller Hinton agar medium was poured into each sterile
petriplate and allowed to solidify. The active test bacteria cultures optimized at concentration
of 10 CFU/ml, were evenly spread over the media with the aid of a sterile swab stick.Then
wells of 7 mm were made in the medium using a sterile cork borer. Yoghurt samples were
centrifuged at 8000 rpm for 10 minutes and supernatant collected was filtered and
transferred into separate wells (100 pl), followed by the incubation of the plates at 35 °C for
24 h. After the incubation period, the zones measuring the diameters of zone of inhibition
(Z1) were observed and measured in millimeter [14].

2.8 Antibiotic Resistance Analysis

Antibiotic resistance pattern of Streptococcus
thermophilus and L.delbrueckiisubspbulgaricus was checked according‘to the simple disk
diffusion method (Kirby Baeur). Briefly, active bacteria at concentrations (10° CFU/mL) were
cultured on Mueller-Hinton agar. Different antibiotic disks, including Ampicillin (AMP10),
Penicillin (P10), Streptomycin (S25), Bacitracin (B10) and Cefoperazone (CPZ75) were
placed on the media contained bacteria. The plates were incubated at 37°C (for S.
thermophilus) and 42°C (for L. bulgaricus) for 24—48 h. The diameter of the growth inhibition
zone surround each disk was measured [20].

Sensory evaluation of prepared yoghurt

The organoleptic characteristics such as-colour, flavor, texture, appearance and overall
acceptability of prepared yoghurt samples were evaluated by 10 trained panelists from the
Department of Dairy Microbiology, Dairy Science College, KVAFSU. The samples were
evaluated using a nine-point hedonic scale. Score = 1 has been assigned for “like extremely”
and score = 9 has been assigned for “dislikeiextremely”.

3. RESULTS AND DISCUSSION
3.1 Preliminary phytochemical screening of secondary metabolites of leaves extracts

The phytochemical: profiles of mint, moringa, and curry leaves revealed both shared
characteristics and distinct differences as depicted in Table 1. All the three extracts contain
alkaloids, flavoneids and phenols suggesting a commonality in their potential medicinal,
pharmacological, antimicrobial and antioxidant properties. Among the three extracts under
study, ‘mint.and curry leaves extract shows the presence of most critical phytoconstituents
like. cardiac glycosides, tannins and terpenoids whereas moringa leaves were devoid of
them.. The data are in accordance with results mentioned by [9] in which aqueous extract of
moringa leaves showed the moderate abundance of flavonoids, least availability of phenols,
alkaloid, saponins and glycosides and absence of triterpenoids and tannins.However in
another research conducted by [21] documented the presence of flavonoids, glycosides,
terpenoids and tannins while alkaloids, phenols and saponins were absent. Carbohydrates
were present solely in curry leaves, while saponins are absent in curry leaves but present in
mint and moringa leaves. Previous research has also noted the absence of saponins in the
curry leaf species examined in the study[22]. However, presence of flavonoids (1.717),
alkaloids (0.086), glycoside (0.030), sterol (0.006) and saponins (0.769) was reported in
curry leaves in another study [23]. In a related study conducted by [15], showed that
alcoholic extract of mint leaves contains alkaloid, flavonoids, phenols, glycoside, protein,



tannins, and saponin.Several other studies also had previously reported the presence of
flavonoids, phenols, cardiac glycosides, tannin, terpenoids and absence of saponins in
Mentha spicata[24]. The presence, concentration and bioactivity of phytochemicals in leaf
extracts can vary due to several factors like plant species and varieties, plant growth stage,
age and maturity, environmental conditions, harvesting conditions, extraction methods etc.
Understanding these factors is crucial for optimizing the extraction and use of these leaf
extracts for medicinal, nutritional, or industrial purposes.

Table 1. Preliminary phytochemical screening of secondary metabolites of leaves

extracts
Secondary metabolite Mint Moringa Curry leaves

Alkaloids + + +
Carbohydrates _ _ +
Cardiac glycosides + _ +
Flavonoids + + +
Polyphenols + + +
Saponins + + _
Tannins + _ +
Terpenoids + _ +
Note: (¥) = Present, (-) = AbSent, values are expressed as mean £ SD of triplicate determination

The phytochemical compounds:=found in these extracts are known for their significant
psychological and medicinal effects. Alkaloids play crucial roles in analgesic,
neuroprotective, antimicrobial, and antimalarial activities. Flavonoids, derived from plants,
offer antidiarrheal;. ‘antimicrobial, antioxidant, and anti-inflammatory benefits, with
polyphenolic flavonoids specifically interacting with bacterial cell walls. Phenols and tannins
also exhibit“strong.-antimicrobial properties. Terpenes serve as antimicrobial agents by
weakening“:microbial cell walls and additionally provide anticancer and antidiabetic
effects[22].. Overall, these phytochemicals presents in these leaves extracts under study
possess a ‘range of biological activities, including antimicrobial, antioxidant, anti-
inflammatory, antiplasmodial, and anticancer properties, which could contribute to their
varying uses and benefits in pharmaceutical and nutraceutical sectors.

3.2Physicochemical analysis of prepared yoghurt

Effect of leaf extracts on setting time pH, titratable acidity and syneresis of yoghurt samples
were studied and the results are shown in Table 2.Setting time refers to the duration it takes
for the sample to solidify or reach a desired consistency. Sample Y takes the longest time (8
hours) to set, which could indicate a slower reaction or interaction of components within the
sample. On the other hand, Sample Y3 sets the fastest (4.5 hours), which might be
advantageous in industrial processes where time efficiency is crucial.



Table 2.Physiochemical properties of yoghurt samples

Samples Setting Time (H) pH Titratable Syneresis (%)
Acidity (% LA)

Y 8+0.02 46+0.01 0.90+0.04 16 +0.01
Y1 55+0.01 4+0.01 0.63 £ 0.02 14 +0.01
Y2 6.5+0.01 4 +0.02 0.81+0.01 10 £0.01
Y3 4.5 +0.03 45+0.01 0.85+0.01 8+0.01

*Values are expressed as mean £ SD of triplicate determination

The pH of a product can influence its texture, taste, and microbial stability. A lower pH
typically indicates higher acidity. Samples Y1 and Y2 have the lowest pH (4.0), suggesting
they are more acidic than the other samples. In contrast, Sample-¥ has the highest pH (4.6),
which could affect its flavor and stability differently.

Titratable acidity, expressed as a percentage of lactic.acid, measures the total acidity in the
product. It's an important quality parameter in fermented products, influencing taste and
shelf-life. Sample Y has the highest acidity (0.90%); which aligns with its longer setting time
and higher syneresis. Lower acidity in Sample Y1 (0.63%) suggests a milder taste and
potentially less impact on the structural integrity of the product. The moderate acidity levels
in Samples Y2 (0.81%) and Y3 (0.85%) suggest-a balance between taste and product
stability.

Syneresis refers to the expulsion of liquid from a gel-like structure, an undesirable trait in
many products like yoghurt or gel-based pharmaceuticals. A higher percentage indicates
more liquid separation, which can affect texture, appearance, and consumer acceptability.
Sample Y shows the highest syneresis (16%), indicating it is the least stable, likely due to its
longer setting time and higher acidity. Conversely, Sample Y3 has the lowest syneresis
(8%), suggesting it is the most stable and likely to maintain a smooth, cohesive texture over
time.

This comprehensive physicochemical analysis indicates that Sample Y3 with curry leaf
extract stands out as the most effective and stable option with the fastest setting time and
the lowest syneresis. The pH of all yoghurt samples containing leaf extracts met the Food
and Drug Administration (FDA) guidelines, which require yoghurt to have a maximum pH of
4.5. However; only-the control sample (Y) adhered to the FDA's minimum titratable acidity
requirement of 0.9% [25]. Despite this, all samples complied with FSSAI standards, which
mandate a minimum titratable acidity of 0.6% lactic acid for yoghurt.

3.3 Analysis of proximate composition of prepared yoghurt
The result of the proximate compositions of all the four yoghurt samples are summarized in
in Table 3.

Table 3. Proximate compositions of yoghurt samples

Samples Moisture (%) Total Solids Fat (%) Protein (%) Lactose
(%) (%)

Y 87.44 +0.20 1256 +0.03 3.36+0.01 3.12+0.01 3.42+0.01




Y1 87.62 +0.01 12.38+0.01 3.34+0.01 323+0.01 343+0.01

Y2 87.84 +0.01 1216 +0.02 3.33+£0.02 3.31+0.10 3.41+0.01

Y3 88.18 + 0.02 11.82+0.01 3.35+0.01 3.42+0.01 3.44+0.01

*Valuésare expressed as mean £ SD of triplicate determination

The obtained results showed that Sample Y3 has the highest moisture content (88.18%) and
sample Y has the lowest moisture content (87.44%). While the differences in moisture
content are relatively small, the slightly higher moisture levels in Y3 made it smoother than
other samples. However, the presence of higher moisture content affect the texture and
mouth feel of yoghurt. Moisture content for all treatments was close to the«results of [26],
who attributed the reason behind the high moisture content was the use of low-fat milk (1-2
%) and incorporation of leaf extracts in yoghurt manufacturing. Although, all the samples
have comparable total solids, Sample Y has the highest total solids content (12.56%),
suggesting it may have a slightly thicker consistency compared to the other samples.
Sample Y3 has the lowest total solids (11.82%), which align with'its.higher moisture content,
indicating a lighter texture. Our findings indicated that all yoghurt samples have a lower total
solids content compared to what was reported in previous studies[17] and may be attributed
to several factors including low fat and SNF content in milk and inadequate standardization
of milk before fermentation. The fat and lactose content.were.found to be identical across all
the four samples, whereas sample Y3 has slightly higher protein content and this can be
associated with the higher protein levels in curry leaves compared to moringa and mint
leaves [27].

3.5 Microbiological analysis of prepared yoghurt

Total lactic acid bacteria in samples Y; Y1, Y2 and Y3 were found to be 4.34, 5.41, 5.49, and
5.46 Log CFU/mI respectively. .Lactic acid bacteria showed better growth and viability in
samples fortified with mint, moringa, and curry leaf extracts compared to the control with no
extracts. The increase in lactic acid bacteria growth could be linked to the polyphenolic
compounds present in mint, moringa and curry leaf extracts, which might boost fermentation
rates and improve the metabolism and survival of lactic acid bacteria [28]. No coliforms,
yeast, or mold were found.in any of the treatments, indicating that both the control and
treatment yoghurt samples were safe for consumption. Additionally, the absence of coliforms
confirms that thewyoghurt was produced under hygienic conditions. The results were
consistent with the findings of [26, 28,29, 30].

3.4 Antibacterial activity

Agar well diffusion method was adopted for the evaluation of the antibacterial activity of the
leaf extracts incorporated yoghurt samples and the results are recorded in Table 4.

Table 4. Zone of inhibition (in mm) produced by yoghurt samples

Samples Escherichia coli Salmonella Staphylococcus aureus
Y 11+ 0.10 13.5+0.10 16.1+0.10

Y1 11.6+0.10 13.8+0.10 17.5+0.05




Y2 11.6+ 0.05 14.2+0.10 16.4+0.20

Y3 11.5+0.11 15.6+0.11 18.5+0.10

*Values are expressed as mean £ SD of triplicate determination

The data provided represents the antibacterial activity of different yoghurt samples against
three bacterial strains: Escherichia coli, Salmonella, and Staphylococcus aureus. The results
are expressed as zones of inhibition in millimeters (mm), indicating the effectiveness of each
yoghurt sample in inhibiting the growth of these bacteria. Against E.coli, the zones of
inhibition are relatively similar across all yoghurt samples, with values ranging from 11 mm to
11.6 mm. This indicates that the added extracts of mint, moringa, and curry leaf provide only
a slight improvement in antibacterial activity against E. coli compared to the control. Sample
Y3 with curry leaf extract shows the highest antibacterial activity against both salmonella and
S.aureus. Y2 yoghurt with moringa extract has a slightly higher antibacterial activity against
salmonella compared to Y1 with mint extract, whereas sample Y1 was found more effective
against S. aureus than Y2.

Antibacterial activity of yoghurts against E.coli, Salmonella andS:aureus was reported
previously by [31] and [32]and the effect is also thought to be caused by metabolites like
lactic acid, H,O, and bacteriocins produced by the lactic acid bacteria. Various researchers
have also documented the antibacterial properties of meringa;.mint, and curry leaves against
gram positive and gram negative bacteria which might be the reason for the amplified
antibacterial effect in yoghurt samples enriched -with mint, moringa, and curry leaves extract
leading to greater inhibition of bacterial growth compared to the control yoghurt[33, 34, 35,
36]. The enhanced antibacterial activity observed.is strongly linked to the phytochemicals
present in these plants. These compounds, including essential oils, flavonoids, alkaloids,
and phenolic acids, exhibit various mechanisms<of antibacterial action, such as disrupting
bacterial cell membranes, inhibiting protein and DNA synthesis, and causing oxidative
stress[37, 38].Thus incorporation of such phytochemical-rich ingredients into yoghurt can
enhance its potential as a functional food with added health benefits, particularly in terms of
antimicrobial properties.

3.5 Antibiotic Resistance Analysis

The antibiotic resistance. profile of Streptococcus thermophiles and Lactobacillus
delbrueckiisubsp bulgaricus used for yoghurt production is given in Table 5.

Table 5. Antibiotic resistance profile of yoghurt cultures

Antibiotics Zone of inhibition (mm)
Streptococcus thermohilus Lactobacillus delbrueckiisubsp
bulgaricus
Ampicillin (AMP10) 18+0.10 17 .1+0.10
Penicillin (P10) 17.1 +0.10 20.7 £0.87
Streptomycin (S25) 2.8+0.26 4.9+0.30

Bacitracin ( B10) 9+0.15 10.9+0.30




Cefoperazone (CPZ75) 14.8+0.20 13.2+0.2

Values are expressed as mean £ SD of triplicate determination

Streptococcus thermophilus and Lactobacillus delbrueckii subsp. bulgaricus were found to
be sensitive to ampicillin and penicillin, as shown by the larger zones of inhibition. Both
strains exhibited moderate resistance to cefoperazone and bacitracin, while high resistance
was demonstrated to streptomycin (Fig. 1).

Fig.1. Antibiotic resistance of a)Streptococcus thermophilus andb) Lactobacillus
delbrueckii subsp. bulgaricus against AMP10, P10, S25,B10 and CPZ75

The results were in agreement with the findings of [39],where the greatest antibiotic
susceptibility was observed with antibiotics like ampicillin (25'ug), and erythromycin (15 pg).

3.6 Sensory evaluation of prepared yoghurt

All four yoghurt samples were also evaluated for their sensorial profiles such as appearance,
flavour, taste, aroma and overall acceptance. The results obtained are summarized in Table
6.

Table 6. The average point score of various sensorial attributes of yoghurt samples

Samples Colour and Body and Flavour Overall
Appearance Texture Acceptability
Y 7 +0.10° 8.2 £ 0.20® 7.4 £0.26° 7.7 £0.26°
Y1 7.9+ 0.35% 7.5 + 0.40°° 9.0 + 0.45° 8.3 +0.26™
Y2 7.4 £0.10" 7.2 £0.30° 6.5 + 0.15" 6.8 + 0.25°
Y3 8.6 + 0.36° 8.6 +0.17° 8.5 + 0.37° 8.5+ 0.11°
~*Values are expressed as mean ¥ SD of triplicate determination. Different alphabet superscript within the same column are signiticantly

different (p<0.05)

The sensory evaluation results reveal that yoghurts fortified with mint (Y1) and curry leaf
(Y3) extracts were the most preferred treatments overall, with Y3 scoring the highest in color
and appearance (8.6), body and texture (8.6), and overall acceptability (8.5), while Y1
excelled in flavor (9). The control treatment showed moderate performance, particularly in
body and texture (8.2), but was less impressive in appearance (7) and flavor (7.4). Moringa
leaf extract incorporated yoghurt sample (Y2), however, received the lowest scores in flavor
(6.5) and overall acceptability (6.8), making it the least preferred treatment in this sensory



evaluation. The strong or potentially bitter taste of moringa leaves at a 5% concentration
might be overpowering, making it less appealing to consumers. Similar findings have been
reported, where the control yoghurt sample received significantly higher ratings (p<0.05) for
appearance, flavor, texture, and overall quality compared to the yoghurt with 1.7% dried
moringa leaves[40].[41] also noted that adding moringa extract to yoghurt led to a significant
decrease in flavor scores compared to control yoghurt. Additionally, [42]observed that plain
yoghurt had the highest body and texture scores, while those fortified with Moringa oleifera
seed flours showed a decline in these attributes as the Moringa oleifera leaf powder
concentration exceeded 1.5%, likely due to the fiber content in the powder.

4. CONCLUSION

The study highlights the impact of incorporating mint, moringa, and curry leaf extracts into
yoghurt on its sensory, physicochemical, microbiological, and antibacterialproperties and
concluded that yoghurt fortified with curry leaf extract was the most preferred, showing the
best sensory attributes, fastest setting time, and lowest syneresis, making it the most stable
option. Mint-fortified yoghurt also performed well, particularly in flavor. In contrast, moringa
leaf extract yoghurt was the least favored due to its strong and bitter taste, negatively
impacting its flavor and overall acceptability. While :all  fortified yoghurts were
microbiologically safe and showed enhanced lactic acid bacteria growth, curry leaf extract
also provided the strongest antibacterial activity, making it-aspromising functional ingredient
in yoghurt production, enhancing both its nutritional and therapeutic benefits.
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