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Abstract: We studied plant-based milk from soya beans as a means to release and convey the bound
antioxidants in turmeric to benefit consumer health. This was compared to cow milk as a carrier
because soya milk consumption as an alternative to cow milk is increasing globally. Hence, turmeric
paste was added to milk to investigate the release of turmeric antioxidants when changing the matrix
(cow vs. soy), the amount of turmeric paste (0%, 2%, and 6%), and the effect of heating (with and
without). Proximate, physicochemical, and mineral analysis were carried out for all samples. The
total phenol content (TPC) and total antioxidant activity were measured using Folin–Ciocalteu and
Quencher methods. Protein ranged from 2.0% to 4.0%, and minerals ranged from 17.8 to 85.1, 0.37 to
0.53, and 0.29 to 0.30 mg/100 mL for calcium, iron, and zinc, respectively. TPC ranged from 0.01 to
0.147 GAE (g/kg) and antioxidant activity from 7.5 to 17.7 TEAC (mmol Trolox/kg sample). Overall,
turmeric added nutritional and chemical value to all the samples with and without heat treatment.
However, turmeric-fortified soya milk samples showed the highest protein, iron, zinc, TPC, and
antioxidant activity. This study identified a cheap, additional nutrient source for developing-countries’
malnourished populations by utilizing soya bean milk to produce golden milk.
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1. Introduction
In Nigeria, turmeric (Curcuma longa L.) is widely available. An increase in turmeric
production and processing could improve the country’s economic development and nutritional status [1] and is, therefore, stimulated by the government. Turmeric is considered a
health-supporting food ingredient, related primarily to the lipophilic bioactive compound
curcumin with antioxidant properties and anti-inflammatory properties [2]. Familiar
street-vended drinks (soya milk and the hibiscus–water-based drink called zobo) have been
fortified with turmeric; we previously reported the consumers’ overall acceptability of these
novel turmeric-fortified drinks [3]. The antioxidant and nutritional quality of street-vended
zobo (Hibiscus sabdariffa) drink fortified with turmeric has also been reported [4].
Turmeric milk, called “haldi doodh” in India, is an example of a traditional drink often
consumed to treat a sore throat and as a home therapy for fever [5]. Various ailments
such as duodenal ulcer, asthma, malaria, cough, and cold can also be addressed with
boiled turmeric milk [6]. Moreover, consumers’ increasing preference for natural and
healthy foods has contributed to the popularity of turmeric milk, which is now known
as “golden milk” globally. Since golden milk is widely consumed and its consumption is
gaining popularity globally, the claims of its antioxidant and nutritional qualities must be
scientifically validated.
Soya milk is a watery extract of soya beans (Glycine max L.). In the northern part of
Nigeria, soya beans are grown and play a vital role in the dietary pattern of the population
for their nutritional value. Soya bean is the plant with the highest percentage of GMOs
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grown worldwide. Genetically modified soya beans account for 82% of the overall crop.
Soya is grown all over the world and is a nutrient-dense food that is also a good source of
protein, providing vital dietary amino acids [7]. According to Mazumder and Begum [8],
soya milk contains significant amounts of essential and branched-chain amino acids. The
differences in amino acids between cow and soya milk are further reported in their study.
The non-availability and high cost of cow milk in developing countries have led to the
promotion of milk from plants, especially soya milk [9]. The commercial production of soya
milk, sold as a street-vended drink in these countries, especially Nigeria, helps mitigate
the vendors’ poverty [10]. Globally, the absence of gluten, lactose, and cholesterol has
made soya milk a good alternative for those with lactose intolerance or galactosemia and
vegetarians [11]. Hence, soya milk has also gained much popularity as a vegan and healthy
drink in developed countries where lactose intolerance among the elderly and cow milk
allergy among infants and children are increasing [12,13]. Additionally, soya milk is similar
to cow milk in appearance, and its consistency makes it a good milk analog [14].
Cow milk is a source of energy, protein, and fat, and a high milk intake contributes to increased height, stronger bones, and better dental health [15]. In addition, cow milk contains
all B vitamins and has antioxidant properties. Ascorbic acid is the primary water-soluble
antioxidant in milk, and vitamin A and E are the primary lipid-soluble antioxidants [16].
Several studies have been carried out on both cow and soya milk’s phenolic and antioxidant activity. Temperature, pH, protein type, and concentration have been reported as
fundamental parameters that can affect protein–phenolic interactions [13,17–19].
In recent years, milk products have been reported as a distinctive carrier, suitable to
distribute nutrients and phytochemicals for health benefits in our nutritional system [20,21].
Investigating the use of soya milk in developing many native dairy-based foods that have
demand globally has been recommended [12,22–24]. Cow and soya milk have been fortified
with herbs, spices, and plant extracts [11,20,25,26]. Such fortification with herbs and
spices or their extracts uses such fortified milk products as carriers for health-supporting
compounds.
This study investigated whether turmeric-fortified soya milk is a suitable drink to
improve the diet of the low-income population of urbanized areas in developing countries.
We explored the differences in the interaction between turmeric components and cow milk
vs. soya proteins. Hence, the effect of changing the matrix (cow vs. soya), the amount of
turmeric paste (0%, 2%, and 6%), and the effect of heating (with and without) on nutritional
and chemical properties of the so-called golden milk were assessed.
2. Materials and Methods
2.1. Materials
Whole, skimmed, and soya milk produced in the Netherlands were purchased at a
local supermarket (Wageningen, The Netherlands). Turmeric rhizomes were purchased
from the Omuooke-Ekiti (7◦ 450 29.9900 N, 5◦ 430 20.1700 E) market located in Ekiti state, Nigeria.
All the samples were taken to the laboratory of the Food Quality and Design group of
Wageningen University and Research (Wageningen, The Netherlands) for preparation and
analysis. All chemicals used were of analytical quality.
2.2. Preparation of Turmeric-Fortified Milk
Turmeric-fortified milk was prepared by adding two fresh turmeric paste concentrations, namely 2% and 6% turmeric in whole, skimmed, and soya milk. Milk without fresh
turmeric paste (0%) was made as the control sample for all the milk types. All samples
were prepared with and without heat treatment. Fresh turmeric paste was produced at a
turmeric:tap water ratio of 1:2 on a weight basis by mixing with a blender (Waring HeavyDuty Laboratory Blender, Wertheim, Germany) at high speed for 10 min until a fine paste
was formed (Figure 1a).
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2.4.3. Protein Content
Protein content was analyzed in duplicate using a LECO CN 628 Dumas analyzer,
Bonn, Germany. Powdered treatment samples and blank samples with cellulose (Sigma
Aldrich 310697, St. Louis, MO, USA) were weighed in tin cups (Interscience, OttigniesFoods 2022, 11, x FOR PEER REVIEW
4 of 12
Louvain-la-Neuve, Belgium) and put in a sample tray with 40 positions covered with
aluminum foil to protect the tin cups. The samples were then oxidized in the Dumas metal
column filled with chemicals at high temperature with water filters in a separation column
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acid, hydrogen peroxide, and hydrochloric acid [30]. This solution was atomized in
Aldrich 310697, St. Louis, MO, USA) were weighed in tin cups (Interscience, Ottigniesargon plasma, and due to the high temperature, the sample dried further and was ashed,
Louvain-la-Neuve, Belgium) and put in a sample tray with 40 positions covered with aluatomized, and ionized. The minerals were detected using an ICP-MS (Agilent 7800 ICP MS,

minum foil to protect the tin cups. The samples were then oxidized in the Dumas metal
column filled with chemicals at high temperature with water filters in a separation column
on which nitrogen was separated and calculated into protein content. The conversion factor used to calculate the protein content was 6.25 for cow milk protein and 5.8 for soya
milk protein [29].

Foods 2022, 11, 558

5 of 12

Matthews, NC, USA), and the signal intensity of the mineral was divided by the charge of
the minerals [31]. The mineral content was quantified by means of a calibration line based
on the ratio between the signal of the element and the signal of the associated standard.
2.6. Total Phenol Content
The total phenol content was determined by the Folin–Ciocalteu method [32], with
the following modifications: the extraction of the phenolic compounds in turmeric-fortified
milk samples was done by weighing 0.5 g of freeze-dried material in a 15 mL disposable
tube. After that, 4 mL preheated CH3 OH 100% (Merck, Burlington, MA, USA) incubated at
75 ◦ C for 60 min (Julabo sw-20C, Seelbach, Germany) was added to the disposable tube
and further incubated for 20 min at 75 ◦ C. The tubes were mixed every 5 min using a
vortex (Scientific Industries Vortex Genie 1, Bohemia, New York, NY, USA). After 20 min,
the tubes were centrifuged (Eppendorf AG Centrifuge 5430 R, Harmburg, Germany) at
2500 rpm (699 g) for 10 min at 20 ◦ C. The supernatant was collected, and the pellet was
re-extracted two times, with 2 mL 70% CH3 OH at 20 min incubation time. The supernatants
were combined and stored in the freezer at −20 ◦ C until further analysis. The supernatant
(1 mL), 5 mL of demi water, 1 mL Folin–Ciocalteu reagents (Merck 109001.0500, Burlington,
MA, USA) and 1 mL of saturated Na2 CO3 (Merck 6329, USA) were added into a 25 mL
volumetric flask. The volume was adjusted to 25 mL with demi water and mixed well
by hand. The absorbance was measured at 750 nm using a spectrophotometer (Cary 50
Bio UV–Vis spectrophotometer, Walnut Creek, CA, USA) after 15 min. The gallic acid
equivalent (GAE) was calculated using gallic acid (Sigma Aldrich 27654, St. Louis, MO,
USA) as a reference standard. The concentration range of the gallic acid standard curve
was 0.02–0.5 mg/mL. The standard curve was linear, and the equation of the line used was
y = 4.3008x + 0.0219, with R2 = 0.9998.
2.7. Total Antioxidant Activity
The total antioxidant activity was measured by the Quencher procedure [33] with the
following modifications: a stock solution was made with 1,1-diphenyl-2-picryl-hydrazyl
(DPPH; Sigma Aldrich, St. Louis, MO, USA) by preparing 10 mg DPPH/mL 100% pure
ethanol (Merck, Burlington, MA, USA). The stock solution was then diluted to 5 mg/mL
in Milli-Q water (VWR, Radnor, PA, USA) and subsequently diluted 125× by adding
200 µL DPPH stock to 25 mL 50% ethanol. This solution was prepared 24 h in advance
in the dark to activate it. The calibration curve was prepared with 6 hydroxy 2,5,7,8
tetramethylchroman 2-carboxylic acid (Trolox 23881-3; Sigma Aldrich, St. Louis, MO, USA).
A stock solution of Trolox in 100% ethanol was prepared by adding 20 mg of Trolox to 1
mL of 100% ethanol. This stock solution was diluted to 5.33×, 8×, 16×, and 40× in 100%
ethanol to get four points calibration curve of 3.75, 2.5, 1.25, and 0.50 mg/mL. In addition, a
blank of 100% ethanol were prepared in triplicates and the absorbance of the blank (average
value of its triplicates) was taken as the initial concentration in the test (0.00 mmol). All
freeze-dried milk samples were diluted with cellulose by combining 100 mg of cellulose
with 100 mg of milk in an aluminum dish with a spatula (1:1 ratio). A 1:1 ratio was used
for 0% turmeric in milk samples. The turmeric-fortified milk samples required a 2:1 ratio
due to their high yellow pigmentation. Next, 10, 20, and 40 mg samples in 5 mL Eppendorf
tubes were prepared, and 5 mL DPPH was added to each milk type and Trolox sample.
After incubation in the Heidolph shaker (Multi Reax Vortexer, Schwabach, Germany), the
samples were centrifuged for 5 min at 9000 rcf at room temperature. The absorbance of
the supernatant was measured at 525 nm in the spectrophotometer (Cary 50 Bio UV–Vis
spectrophotometer, Walnut Creek, CA, USA).
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2.8. Data Analysis
All variables are reported as means ± standard deviation (SD) with a minimum of two
replicates. The Heatmapper web server was used to visualize all samples’ proximate and
physicochemical composition [34]. The difference between samples with and without heat
treatment was tested by two-way analysis of variance (ANOVA) followed by the post hoc
Tukey test and one-way ANOVA to evaluate the relationship between variables and milk
type using IBM SPSS Statistics 25. The differences in means were considered significantly
different at p < 0.05.
3. Results and Discussion
3.1. Proximate and Physicochemical Composition
Before and after heat treatment, the moisture content for control samples ranged from
88.6–89.7%, 89.8–90.7%, and 88.4–89.5% for whole milk, skimmed milk, and soya milk,
respectively. The moisture content of the turmeric-fortified whole milk, skimmed milk,
and soya milk samples ranged from 86.7% to 88.5%, 90.4% to 91.3%, and 87.9% to 89.0%,
respectively. For all the milk types, 6% turmeric-fortified samples had the lowest moisture
content before and after heat treatments. However, the mean values of moisture contents
of 2% turmeric-fortified samples were significantly lower than that of the control samples
(p < 0.05). The same trends were observed between the 6% and 2% turmeric- fortified whole
and soya milk. In addition, 6% heat-treated turmeric-fortified skimmed milk showed no
significant difference from both 0% and 2% turmeric-fortified ones (p < 0.05). These results
were similar to those of previous studies [35,36].
The ash content for control samples ranged from 0.7% to 0.8%, 1.0% to 1.1%, and
0.4% to 0.5% for whole milk, skimmed milk, and soya milk, respectively. The ash content
of the turmeric-fortified skimmed milk ranged from 1.1% to 1.2%. The turmeric-fortified
whole and soya milk ash contents were within the range of the control sample. Before heat
treatment, the ash content of the turmeric-fortified samples differed significantly from the
control samples for all the milk types. However, no significant differences were observed
between the 2% and 6% turmeric-fortified samples (p < 0.05). After heat treatment, there
were no significant differences observed among the control and fortified samples (p < 0.05).
The fat content for both control and turmeric-fortified milk samples ranged from 0.1% to
1.6% with significant differences observed among all treatment for the turmeric-fortified
whole and soya milk samples (p < 0.05). The pH of all samples was relatively stable and
independent of turmeric addition before and after heat treatment.
The protein content for control samples ranged from 2.3% to 2.4%, 3.4% to 3.6%, and
3.5% to 4.0% for whole milk, skimmed milk, and soya milk, respectively. The protein
content of the turmeric-fortified whole milk, skimmed milk, and soya milk samples ranged
from 1.7% to 2.1%, 3.1% to 3.8%, and 3.5% to3.9%, respectively. Natural crude polyphenols
from plants such as grape (Vitis vinifera) and tea (Camellia sinensis), and cranberry (Vaccinium
oxycoccos) extracts have been reported to have strong bindings with milk proteins [37]. Thus,
the reduction in the protein contents for the milk samples fortified with turmeric could be
because of the binding by polyphenols originating from the turmeric, though, the reduction
showed no significant different at (p < 0.05). Overall, the results in this study were in line
with the proximate composition of herbal sandesh, an Indian coagulated milk product with
turmeric, spinach (Spinacia oleracea), curry leaf (Murraya koenigii), coriander (Coriandrum
sativum), and aonla (Emblica officinalis) [38]. The proximate and physicochemical compositions visualized with the heatmap (Figure 3) show that the samples fall into three clusters
according to milk type.
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composition to cow milk to make it a suitable milk alternative [41]. The higher the storage
temperature, the higher the sedimentation in milk beverages [42]. The soya milk in this
research was stored at room temperature, which may have caused high sedimentation in
the package. We suspect that this could have influenced the mineral composition of the
control soya milk samples.
Nevertheless, the amount of calcium as well as iron and zinc in all soya milk samples
in this study agrees with [43], who reported values of 18.5, 0.5, and 0.3 mg/100 mL for
calcium, iron, and zinc, respectively, for freshly prepared soya milk. Both iron and zinc
increase with increasing concentration of turmeric. The values of these minerals in samples
with 6% turmeric agreed with previous research [43]. The value was higher than commonly
reported in the literature [8,44]. The differences in the absorption of iron result not only
from individual variability but also from the type of food in which it is supplied. Iron of
milk origin is absorbed much better than the iron from turmeric. Furthermore, the ash
content, which represents the total minerals in food [45], did not increase with the addition
of turmeric in the turmeric-fortified soya milk samples. Thus, turmeric only seems to
prevent loss of minerals due to sedimentation in soya milk during storage.
3.3. Total Phenol Content
Milk type, turmeric paste concentration, and heat treatment (Table 1) had a significant
effect (p < 0.05) on the total phenol content (TPC) of golden milk. The TPC value of control
whole milk was lower than the values reported previously [32,46]. It should be noted
though that the milk used in this study was commercially available, UHT-sterilized milk.
The severe thermal sterilization treatment might have triggered reactions that affected
the phenolic composition by releasing the phenolic compounds from their bonded forms,
causing subsequent degradation, hydrolysis, and transformations [47]. Moreover, even
though commercial milk samples were used by others, the freeze-drying process to obtain
homogenous and solid samples, this could have lowered the TPC in our study [46].
Table 1. Total phenolic compounds, expressed in milligrams of GAE per kg of whole milk, skimmed
milk, and soya milk.
GAE (g/kg Sample)
Sample

Unboiled

Boiled

Whole milk

0% Turmeric
2% Turmeric
6% Turmeric

a,1

0.01 ± 0.5
0.03 ± 0.2 a,2
0.05 ± 0.4 a,3

0.03 ± 0.2 a,1
0.04 ± 0.2 a,2
0.05 ± 1.6 a,2

Skimmed milk

0% Turmeric
2% Turmeric
6% Turmeric

0.01 ± 0.1 a,1
0.04 ± 0.9 a,2
0.08± 1.5 b,3

0.02 ± 0.6 a,1
0.05 ± 2.2 a,1
0.08 ± 1.2 a,1

Soya milk

0% Turmeric
2% Turmeric
6% Turmeric

0.09 ± 0.2 b,1
0.10 ± 1.1 b,1
0.14 ± 1.6 c,2

0.10 ± 1.7 b,1
0.11 ± 0.7 b,2
0.13 ± 2.2 b,3

Values are the means of three independent measurements. a–c Different letters indicate a significant difference between the three types of turmeric-fortified milk with the same turmeric percentage and heat treatment.
1–3 Different numbers indicate a significant difference for a certain turmeric percentage within the same milk type
and heat treatment (p < 0.05).

Turmeric-fortified soya milk showed a higher phenol content than turmeric-fortified
cow milk, which agrees with previous research [48]. Without turmeric, the TPC of soya milk
was 0.09 GAE/kg sample. The TPC of soya milk was higher than that of whole milk and
skimmed milk. Moreover, 2% turmeric gave 0.10 GAE/kg and 6% turmeric, 0.14 GAE/kg.
Soya beans are a good source of many nutrients, including polyphenols. Values of TPC
in soya bean depend on variety and practices to produce soya milk, causing variations
between products and brands [49].
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Adding turmeric generally showed a significant increase in the TPC for the three milk
types. Adding a higher amount of turmeric (6%) is beneficial from a nutrition perspective [50]. Even though the TPC decreased after heat treatment when 6% turmeric was
added to all the milk samples, boiling milk protects the milk from spoilage microorganisms.
Considering the challenges of improving hygiene in developing countries, boiling milk at
low–medium heat is strongly recommended [51]. In general, however, the boiling (which
would be good from a food safety perspective) does not annihilate the increase of TPC due
to the 2% addition of turmeric. Besides, whilst 0% turmeric in boiled skimmed milk showed
the lowest TPC, the addition of turmeric complemented this deficit with 6% turmeric in
boiled skimmed milk, which roughly showed a 25% increase.
3.4. Antioxidant Activity
The addition of turmeric showed a significant increase in antioxidant activity, and
when more turmeric was added to whole milk, the antioxidant activity increased (Table 2).
Heat treatment of whole milk showed a significant decrease for the samples with 0% and
2% turmeric but a slight increase for the sample with 6% turmeric. Overall, the antioxidant
activity increased with the addition of turmeric. Whole milk before treatment showed a
similar value of the antioxidant activity as skimmed milk. These values differed from the
value reported in the literature [52]. The low fat content of our whole milk sample may be
responsible for the discrepancy as the antioxidant activity has been linked to the chemical
content of milk from different species, particularly in cows [53]. The difference could also
be due to different processing methods applied before measurement. According to Khan
et al. [16], boiling did not affect the antioxidant activity of cow milk, which is in line with
the whole milk samples in this research.
Table 2. Antioxidant activities of turmeric-fortified whole milk, skimmed milk, and soya milk before
and after heat treatment expressed in Trolox equivalent antioxidant capacity (TEAC).
TEAC (mmol Trolox/kg Sample)
Sample

Unboiled

Boiled

Whole milk

0% Turmeric
2% Turmeric
6% Turmeric

0.5± 0.1 a,1
3.8 ± 0.4 ab,2
5.1 ± 1.1 a,2

0.1 ± 0.1 a,1
1.4 ± 0.1 a,2
5.3 ± 0.1 a,3

Skimmed milk

0% Turmeric
2% Turmeric
6% Turmeric

0.5 ± 0.4 a,1
2.9 ± 0.3 a,2
5.6 ± 0.5 a,3

0.4 ± 0.2 b,1
2.6 ± 0.4 a,2
5.6 ± 0.1 a,3

Soymilk

0% Turmeric
2% Turmeric
6% Turmeric

3.4 ± 0.1 b,1
4.6 ± 0.2 b,1
4.5 ± 0.8 a,1

7.5 ± 0.3 a,1
11.6 ± 0.7 b,2
17.7 ± 0.9 b,3

Different letters indicate a significant difference in milk type within the same turmeric percentage and heat
treatment. Different numbers indicate a significant difference in turmeric percentage within the same milk type
and heat treatment (p < 0.05).

The antioxidant activity of skimmed milk without turmeric was low, and the addition
of turmeric increased the antioxidant activity significantly. Heat treatment did not significantly affect the antioxidant activity of the skimmed milk samples. In line with previous
research [54], neither the differences in fat content nor heat treatment caused significant
differences in the antioxidant values. Raw milk, which is commonly used in studies to
measure antioxidant activity, has different properties than the commercial UHT milk used
in the present research [55].
The initial antioxidant activity of soya milk without turmeric was much higher than
that of whole milk and skimmed milk. The addition of 2% and 6% turmeric showed
a large increase in antioxidant activity. Heat treatment also significantly increased the
antioxidant activity. The significantly higher antioxidant activity of soya milk compared to
that of cow milk agrees with previous research [56]. Soya bean is known to have a high
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antioxidant activity due to polyphenolic antioxidants, such as isoflavones. Overall, the
addition of turmeric to both cow and soya milk formed a nutritionally better product [57].
Furthermore, in this research, soya milk showed the highest antioxidant activity, regardless
of heat treatment.
4. Conclusions
Consumer preferences for healthy foods has increased the popularity of golden milk
across the globe. To the best of our knowledge, this is the first scientific literature to
investigate the antioxidant and nutritional compositions of this widely consumed functional
drink. This study also provides a basis for developing novel turmeric-fortified soya milk,
which is nutritionally equivalent to the popular golden milk (turmeric-fortified cow milk).
Turmeric added nutritional and chemical values to all three milk varieties without heat
treatment. The effect of heat treatment on turmeric-fortified milk significantly impacted
the TPC of 0% and 6% turmeric in whole milk. The phenolic compounds, antioxidant
activity, protein, and iron increased with 2% and 6% turmeric in soya milk. Thus, soya
milk appears to be the best matrix to deliver the antioxidant benefits of turmeric to the cowmilk-allergic populace and the low-income population of urbanized areas in developing
countries. Overall, this research serves as a starting point to validate the claims of golden
milk’s benefits. The present work standardized the levels of turmeric concentration and
also studied the effect of heat treatment using soya milk as alternative. However, further
research is recommended to study the bioavailability of minerals and bioactive compounds
after the intake of turmeric-fortified milk.
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