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Abstract

Objective/Aim: The aim of the study is to investigate the physiochemical changes in milk resulting from the
infusion of both mango flavor and the Ayurvedic herb turmeric.

Method: Locally sourced milk, mango, turmeric rhizome, and sugar were employed in the study design. Mango
was processed, dried, and stored for flavor-infused milk. Methods encompassed preparing mango pulp, making
turmeric powder, and developing flavor and turmeric-infused milk using local pasteurized toned milk. Physico-
chemical analyses covered pH, ascorbic acid, acidity, total soluble solids, specific gravity, fat, and protein. Sensory
evaluation assessed color, appearance, flavor, taste, and general acceptance on a nine-point hedonic scale.

Result: The study on mango flavor and turmeric-infused milk yielded significant findings encompassing various
aspects. pH levels ranged from 5.98 to 6.2, acidity fluctuated between 0.24% and 0.3%, total soluble solids
remained constant at 18 to 20 oBrix, specific gravity ranged from 1.11 to 1.183, fat content varied between 1.94%
and 2.11%, protein concentrations ranged from 3.75% to 4.07%, ascorbic acid degradation showed an escalating
pattern with increasing drying air temperature. Color scores ranged from 7.6 to 8.9, favoring 60 °C, Taste ratings
(7.6 to 8.8) peaked at 70 °C, and overall acceptance was highest at 65 °C and lowest at 75 °C.

Conclusion: The study achieved its goal of exploring physiochemical changes in milk due to mango flavor and
turmeric infusion, using locally sourced ingredients. Thorough Physico-chemical analyses and sensory evaluation
provided valuable insights, emphasizing the intricate interplay of physiochemical and sensory attributes,
contributing to gastronomic and health-conscious culinary.
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1. Introduction

The rapid urbanization and industrialization in emerging nations like India have resulted in significant changes in
lifestyle, which in turn have led to the emergence of lifestyle-related issues on both the social and economic
aspects. The rise in lifestyle-related health concerns has led to a growing interest in the research of functional foods
and their beneficial components. Functional foods provide a health advantage, in addition to their nutritional value.
Functional foods are comprised of bioactive compounds that contribute to the health benefits and general well-
being associated with consuming functional foods [1]. Herbs have been extensively used for millennia as both
nourishment and medication. The presence of many bioactive phytochemicals has been documented, including
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ligans, flavonoids, polyphenols, terpenoids, coumarin, sulfides, carotenoids, plant sterols, phthalides, curcumins,
and saponins [2,3]. Herbs and spices are often used as food additives globally, serving to enhance the sensory
characteristics of food and extend its shelf life by diminishing or eradicating harmful microorganisms that cause
foodborne illnesses [4-7]. Herbs and spices not only enhance the taste of food but also possess the capacity to
preserve it and contain qualities such as antioxidants, anti-inflammatory effects, and the ability to prevent the
growth of tumors and cancer [8-14].

India is renowned as the "World's Botanical Garden" and the "Land of Spices" due to its status as the greatest
global producer of traditional medicinal plants [15]. Presently, the industry is very interested in using these herbal
bio-actives to convey the medical effects of herbs via certain foods as carriers. Milk and milk derivatives are very
important sources and may serve as transporters for many types of food [16]. India has the title of being the biggest
producer of milk in the world. India's milk production accounts for around 10% of the global supply and is
considered one of the highest qualities in the world. Milk, apart from being produced in tiny quantities and
scattered, is also a perishable commodity that requires efficient handling, whether in liquid form or for use in
product manufacturing, or both. The majority of the milk produced in the country is processed into regular dairy
products, while the remaining portion is used for liquid milk [17]. Consequently, a substantial quantity of milk is
annually used for the production of various types of Indian dairy products. The inherent perishability of milk and
its derivatives results in a very limited shelf life. Natural preservatives are used to enhance the longevity of milk
and milk products. Adding spices and herbs to food and dairy products seems to be a viable substitute for chemical
preservatives, since it enhances the functioning of dairy products and prolongs their shelf life [13,18].

Herbs and spices, rich in phytochemicals, are globally used as food additives, contributing to enhanced taste,
extended shelf life, and health-promoting properties. India, known for its botanical diversity, explores the use of
herbal bioactive in dairy products to convey medicinal effects. Milk, a significant part of the Indian diet, faces
challenges in shelf life due to its perishable nature [19]. To address this, natural preservatives like herbs and spices
are employed, presenting a potential alternative to chemical preservatives. Turmeric, a prominent spice in India,
contains bioactive components like curcumin, offering various health benefits, including anti-inflammatory and
antioxidant properties [20-22]. Flavored milk, enriched with safflower and mango, demonstrates nutritional
advantages and anti-atherogenic properties [17, 23]. The integration of herbs and spices into dairy products aligns
with the current trend of health-conscious consumers in India, emphasizing the potential of these natural additives
in improving overall well-being [24, 25], so the present study aimed to focuses on unraveling the complexities of
this fusion, exploring how varying concentrations of mango flavor and turmeric affect the stability and quality of
the infused milk. By examining the synergies and potential challenges within this culinary amalgamation, we aim
to contribute valuable insights to the evolving landscape of gastronomic exploration and health-conscious culinary
practices.

2. Materials and methods

2.1 Study design

Milk has been obtained from the nearby convenience store, while mango, turmeric rhizome, and sugar have been
purchased at the local market. The mango that was obtained was intended for the purpose of conducting drying
experiments. Prior to drying, the sides and ends were removed, stripped, and sliced into 15 mm thick pieces. The
drying experiments were conducted using a hot air batch drier equipped with a heating section, temperature
controller with a range of 60-140°C, and a drying chamber. Before starting the experiment, the dryer was heated
for about one hour to establish equilibrium circumstances with predefined temperatures and air velocity for every
experiment. The sliced mango samples, weighing 100 g each, were equally spread on clean perforated trays. These
trays were then put in a dryer and subjected to different air temperatures of 60, 65, 70, 75 and 80°C. The air velocity
within the dryer remained constant at 1.5 m/s. A digital scale with a resolution of 0.001 g was used to quantify the
amount of moisture lost throughout the drying process until a stable weight was attained. When the moisture
content decreased from an initial value of 85.85-91.19% to 6-7%, the drying process was stopped. To prepare
flavor-infused milk, the dehydrated product was kept in polythene covers.

2.2 Methods

> Preparation of mango pulp

The extraction of pulp was carried out using fresh, completely ripe mangoes. Following thorough washing with
drinkable water, the fruits were peeled using a knife. The mangoes were diced and then pulverized in an electric
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blender. The pulp was then blanched at a temperature of 80°C for a period of 5 minutes, followed by quick cooling.
Subsequently, the pulp was preserved at a temperature of -20°C for future use.

> Turmeric powder preparation

The production of turmeric powder was conducted based on prior studies [26], including some alterations. The
turmeric rhizome underwent a process of washing, drying, and blending until it reached a reduced particle size.
The pulverized turmeric is spread out on aluminum foil and then heated in the oven at a temperature of 55°C for
about 5 hours. The process involves pulverizing dried turmeric using a blender and then straining it.

> Preparing Flavor and turmeric Infused Milk

The manufacture of flavor and turmeric milk included the use of locally accessible pasteurized toned milk with a
fat content of 3.5% and a solid non-fat content of 9.5%. The milk was subjected to ultra-high temperature (UHT)
in a stainless-steel container until it reached a temperature of 70°C. Subsequently, turmeric powder was introduced
and agitated for a duration of 10 minutes at the same temperature. The product undergoes filtration and is then
supplemented with 4 grammes of sugar. The milk reached a temperature below 20 °C. The refrigerator served the
purpose of refrigeration. Mango pulp was added to the milk in varying amounts of 1 g, 1.5 g, and 2 g per 100 ml
of milk. Flavoring milk was packed and sealed using glass bottles equipped with lids. The refrigeration of the
mango flavored milk was conducted to determine its shelf life.

2.3 Physico-Chemical analysis

> Analysis of pH

The pH of mango flavor and turmeric infused milk was determined using a Hanna pH meter (model HI 8417) that
was calibrated using pH 7.0 and 4.0 buffers.

> Analysis of ascorbic acid
The stated approach was used to ascertain the vitamin C concentration in mango-flavored and turmeric-infused
milk [17].

> Analysis of acidity
The acidity of the mango flavor and turmeric-infused milk was quantified using an adapted methodology based on
the process outlined by Teka (2013) [27]. The titratable acidity was determined using the following equation:

% acidity ( .ctic aci...y) = ml NaOH *0.INT OH *0.090/ Volume of Sample * 100

> Analysis of total soluble solid (TSS)
The mango flavor and turmeric-infused milk's total soluble solids (oBrix) were measured using a portable
refractometer (Model: HT119-ATC).

> Analysis of specific gravity
The revised methodology proposed by Javaid et al. (2009) [28] was used to determine the specific gravity of mango
flavor and turmeric-infused milk using a pycnometer. The specific gravity of the sample was determined using the
following formula:

Specific gravity (at 20°C) = Weight of Sample/ Weight of Distilled Water

> Determination of fat
The Gerber approach, as described by Javaid et al. (2009), was used with modest modifications to measure fat
content [28].

> Determination of protein
The protein content in mango flavor and turmeric-infused milk was evaluated using the Micro-Kjeldhal
methodology [29], with some adjustments made to the original method described by Javaid et al. (2009). The
nitrogen percentage was estimated using the following technique and parameters: Protein Factor of 6.38 and the
inclusion of dairy products.
Nitrogen (%) =1.4 x HCI sample-HCI Blank x Normality of HCl/Weight of sample taken x 100
Protein (%) = Nitrogen (%) x Protein Factor

2.4 Sensory Evaluation
Sensory evaluation of items is a highly debated topic in international trade because of its significant role in ensuring
quality control. The majority of the country's standards and evaluations are determined by sensory attributes. The
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mango flavor and turmeric may be categorized based on four features. The present research examined the impact
of infused milk on many aspects including color and appearance, flavor, taste, and overall acceptability. A panel
of judges assessed the recently developed samples of flavored milk by using their sensory faculties. A panel of
judges consisting of students from the institution assessed the sensory attractiveness of milk with additional
flavors. The differences among samples were determined via a nine-point hedonic scale. An average judgement
score of 10 was achieved for each sample. A total of nine points were assigned, with a score of 9 denoting a strong
preference, a score of 8 denoting a significant preference, a score of 7 denoting a moderate preference, a score of
6 denoting a mild preference, a score of 5 denoting neither preference nor aversion, a score of 4 denoting a dislike,
a score of 3 denoting a moderate dislike, a score of 2 denoting a strong dislike, and a score of 1 denoting an extreme
hate.

2.5 Statistical Analysis

The data gathered was statistically analyzed using SPSS 26.0. The outcomes were presented as the mean values
accompanied by the standard deviation (mean = SD). Descriptive statistics were used to ascertain the frequencies
and proportions. The significance of differences was evaluated using the one-way ANOVA and student's t-test,
with a significance level of P < 0.05.

3. Result

3.1  Physiochemical Analysis

3.1.1 pH and acidity

The pH of mango flavour and turmeric-infused milk samples fluctuated between 5.98 and 6.2 over the storage
period. Turmeric had the greatest pH level, measuring at 5.9, while mango had the lowest pH level. The acidity
level of mango-flavored and turmeric-infused milk ranged from 0.24% to 0.3% throughout storage.

3.1.2  Total soluble solid

The mango-flavored and turmeric-infused milk consistently maintained a total soluble solid (TSS) level of 18 to
20 °Brix over their storage period.

3.1.3  Specific gravity

The specific gravity of mango-flavored milk infused with turmeric ranges from 1.11 to 1.183 when refrigerated.
3.1.4 Fat content

The flavours of mango and turmeric-infused milk, together with their corresponding fat amounts, may be found in
Table 1. The mango-flavored milk, laced with turmeric, had a fat content ranging from 1.94 to 2.11 percent after
storage.

Nutritional content | Mango flavor and turmeric-infused milk
pH 5.98+0.10
Total fat (%) 1.94+0.06
Acidity (%) 0.24+0.19
TSS (oBrix) 18+0.12
Protein (%) 3.75+0.06
Specific gravity 1.11+0.01

Table 1. The physico-chemical properties of milk enriched with turmeric and mango flavour.

3.1.5 Protein content
Mango flavour and milk infused with turmeric showed protein contents ranging from 3.75 to 4.07% throughout
the storage time. Comparatively speaking, the protein content of the turmeric is lower (2.84 percent) than that of
the mango (3.12 percent).
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3.1.6  Ascorbic acid

The effect of drying air temperature on ascorbic acid is seen in Figure 1. It was shown that as the temperature of

the drying air climbed, the amount of vitamin C in a dried sample decreased more quickly. At 60°C, ascorbic acid
concentration was higher, while at 80°C, it was lower.

Ascorbic acid content
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Figure 1. The impact of drying air temperature on the ascorbic acid content of turmeric powder and dried mango
3.2  Sensory Evaluation

The sensory score of mango flavor and turmeric-infused milk was determined by evaluating its color, look, flavor,
taste, and overall acceptability.
3.2.1  Color and appearance

The sensory assessment conducted by a panel of 10 members evaluated the color and appearance of mango flavor
and turmeric-infused milk at temperatures of 60, 65, 70, 75, and 80°C. The hedonic rating scale was used, and the
scores obtained were 8.6, 8.3, 8.0, 7.7, 7.6, and 8.9, 8.6, 8.4, 8.1, and 8.7, respectively. Figure 2 illustrates the
observed color shift at different temperatures. At a temperature of 60 degrees Celsius, the panel saw an exceptional

color. As the temperature for drying increases, the drying process accelerates. As a result, the mango flavor and
the color of the milk infused with turmeric became darker (table 2).

e Color and 3appo

srance Flavor Tasto Overall acceptability

Figure 2. Sensory analysis of milk infused with turmeric and mango flavor.

3.2.2 Flavor

The taste of mango flavor and turmeric-infused milk was evaluated using a hedonic rating scale (table 2) at
temperatures of 60, 65, 70, 75, and 80°C. The corresponding ratings were 8.2, 8.7, 8.4, 7.8, and 6.5, and 8.7, 8.4,
8.6, 7.9, and 7.7 (Figure 2). The results indicated that both the mango flavor and the turmeric-infused milk
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exhibited exceptional flavors. Nevertheless, the sensory panelists observed that the flavor at 65°C surpassed that
of the other temperatures. Moreover, subjecting thin slices of mango and turmeric to temperatures of 70 and 75°C
may lead to the denaturation of proteins and the development of a browned or burnt taste. As a result, the flavoring
in the milk had been charred.

Temperature | Color & appearance | Flavor | Taste | Overall acceptance
60°C 8.6 8.2 8.2 8.5
65°C 8.3 8.7 8.5 8.8
70°C 8.0 8.4 8.7 8.3
75°C 7.7 7.8 8.0 7.2
80°C 7.6 6.5 7.9 6.9

Table 2. The characteristics of color and appearance, flavor, taste, and general acceptance were utilized to calculate the
sensory score for the flavor of mangos and milk infused with turmeric.

3.2.3 Taste

Taste is primarily determined by the ratio of sugar content to organic acid. The hedonic rating scale yielded scores
of 8.2, 8.5,8.7,8,7.9,and 8.4, 8.6, 8.8, 8.1, 7.6 for the taste of mango flavor and turmeric-infused milk at 60, 65,
70, 75, and 80°C, respectively. Fig. 2 illustrates how different dried mango and turmeric powder concentrations
affect flavor at different temperatures. A temperature of 70°C yielded the best flavor. One reason for the unpleasant
taste might have been the burnt taste of the flavor milk at 80°C.

3.2.4  Overall acceptance

The effects of different dried mango and turmeric powder concentrations on overall acceptability at different
temperatures are shown in Fig. 3. The mango flavor and turmeric-infused milk received the greatest overall
acceptance scores from the judges at 65°C and the lowest at 75°C.

3.3  Storage Period

The maximum duration for storing mango-flavored milk infused with turmeric was determined to be a ratio of 1
gramme of mango pulp per 100 ml of milk. With a concentration of 2 grammes of pulp per 100 ml, the storage
time was reduced. This might be due to the heightened organic content derived from the mango pulp, which has
the ability to expedite microbial proliferation or enzymatic reactions in the turmeric-infused milk.

4. Discussion

In the realm of culinary innovation, the infusion of diverse flavors and traditional herbs has become a fascinating
avenue for creating unique and health-conscious products. This study delves into the intricate physiochemical
transformations occurring in milk infused with the delightful essence of mango and turmeric (Ayurvedic herb). As
consumers increasingly seek both flavor diversity and holistic well-being in their dietary choices, understanding
the interplay between these ingredients becomes crucial.

In our study, we closely tracked the pH variations of mango flavor and turmeric-infused milk during storage. The
pH ranged from 5.98 to 6.2, with turmeric at the highest (5.9) and mango flavor at the lowest. Simultaneously,
acidity levels fluctuated between 0.24% and 0.3%. Unlike our findings, Kamble et al. (2019) validated that the pH
of piper betel-flavored milk ranged from 6.27 to 6.55 [30]. The study conducted by Dhande et al. (2020) revealed
that the pH of lemongrass-flavored milk ranged from 6.33 to 6.46, which closely aligns with the results we obtained
[31]. The pH of carrot-flavored milk drinks ranged from 6.44 to 6.69, as reported by Singh, Grewal, and Sharma
in 2005. These values were found to be higher than the ones tested in the present study [32]. As the storage period
increased, all samples of strawberry-flavored milk exhibited a significant decline in pH. The product's acidity may
have grown due to variations in the pH level of the storage environment. The small decrease in pH might be
attributed to an augmentation in the quantity of bacteria and their associated byproducts [33]. The experiment we
are doing is related to the results of Dhande et al. (2020), who reported an acidity range of 0.16 to 0.18% in
wheatgrass-flavored milk [31]. According to a study conducted by Dalim et al. (2012), strawberry flavored milk
has an acidity level of 0.18%, which is equivalent to chikoo flavored milk, and more than banana flavored milk,
which has an acidity level of 0.20% [34]. In their study, Hassan et al. (2015) observed that the acidity levels in
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fruit-flavored milk ranged from 0.20 to 0.28% after 7 days of storage. However, our measurements indicate that
the acidity levels in strawberry-flavored milk are comparatively lower. The study demonstrated a direct correlation
between increasing acidity levels and a subsequent reduction in the pH of each sample. The fermentation of lactose
by bacteria in milk leads to an increase in acidity due to the production of lactic acid [33].

The present study explores the specific gravity of a novel combination of mango flavor and turmeric-infused milk
when stored in a refrigerated environment. The specific gravity of this concoction falls within the range of 1.11 to
1.183. Our results align with the study conducted by Dalim et al. (2012), which reported specific gravity values of
1.061 and 1.063 for Chikoo and banana flavored milk drinks, respectively [34]. Kamble et al. (2019) documented
that the specific gravity of piper betel flavored milk ranged from 1.066 to 1.074, which is lower than the
measurements we obtained. After a period of 7 days in storage, there was no noticeable difference seen among any
of the samples [30].

The fat content of mango flavor and turmeric-infused milk in this study ranges from 1.94 to 2.11 percent after a
certain storage time. Contrary to our results, The present investigation did not produce a fat level beyond 2.11%.
The number is much lower compared to the fat percentage range of 3.05-3.17% seen in research done by Dhande
et al. (2020) on lemongrass-flavored milk [31]. The milk prepared with ginger juice had a fat content of 2.05%,
which closely matches the number reported by Palthur et al. (2014b) (Palthur, Devanna, and Anuradha 2014) [35].
In their study, Palthur et al. (2014a) observed fat contents of 2.16 percent in several dietetic herbal milks, which
were somewhat higher than our own findings [35]. Over extended durations, the fat content of all samples shows
a decline. The addition of sugar has the potential to induce changes in fat composition. According to research
conducted by Shelke et al. (2008), flavored milks such as rose, vanilla, cardamom, strawberry, kesar, pineapple,
and mango had somewhat reduced fat concentrations compared to unflavored milk [36]. The use of sugar led to
an increased quantity of flavored milk in the final product.

In the present study, the protein concentrations of mango flavor and turmeric-infused milk ranged between 3.75%
and 4.07% during the storage periods.

Unlike our research on the taste of mango and turmeric-infused milk, Kamble et al. (2019) found that Piper betel
flavored milk included a protein level ranging from 3.34% to 3.65% [30]. Our study aligns with the findings of
Dalim et al. (2012), who documented an average protein content of 3.56% in chikoo-flavored milk. Consequently,
the present analysis revealed slightly lower results in comparison to their reported values[34]. The protein content
range reported by Dhande et al. (2020) of 3.20-3.31 was lower than our own. Upon comparison, the samples
currently stored exhibit no detectable difference [31]. The hypothesis proposes that the variation in protein levels
in milk might perhaps be attributed to the use of flavoring compounds [37].

In the current study, it was observed that the vitamin C content in a dried sample exhibited a degradation pattern
with an escalating rate as the drying air temperature increased. Specifically, a higher concentration of ascorbic acid
was found at 60°C, while a lower concentration was noted at 80°C. In contrast to our findings, results obtained
align with previous studies on vitamin C degradation. Our observations are consistent with Santos and Silva's
(2009) [38] research on pineapple and Kaya et al.'s (2010) [39] study on kiwi. This similarity suggests a pattern of
vitamin C degradation influenced by drying conditions across various fruit types.

Conclusion

This study investigates the interplay of mango flavor and turmeric-infused milk, specifically focusing on
physiochemical changes during storage and the potential benefits of incorporating natural preservatives. Notable
findings encompass pH variations (5.98 to 6.2), specific gravity (1.11 to 1.183), and fat content (1.94% to 2.11%).
Protein concentrations fluctuated between 3.75% and 4.07%, with comparisons made to Piper betel flavored milk.
The research also discloses the degradation pattern of vitamin C in dried samples, correlating with drying air
temperature. Sensory evaluations highlight favorable scores for color, flavor, and overall acceptance, providing
valuable insights into the sensory attributes of the infused milk across diverse conditions. In the realm of future
implications, this study goes beyond its primary objective of exploring physiochemical changes in milk, laying the
foundation for a culinary landscape where locally sourced ingredients, innovative food products, and consumer
preferences harmonize. The intricate interplay between physiochemical and sensory attributes, as revealed in this
research, sets the stage for a forthcoming era characterized by health-conscious and gastronomically appealing
culinary offerings. The insights gleaned from this study are poised to inspire the development of a diverse range
of flavorful and nutritionally conscious food products, fostering a culinary renaissance that prioritizes both
wellness and the sensory delight of consumers.
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