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SUMMARY
Research background. Morinda citrifolia L. (noni), Ananas comosus L. cv. Sarawak (pineapple)
and Mangifera indica L. cv. Apple (mango) represent fruits capable of coagulating milk, forming a curd.
Plant-derived milk coagulants have antidiabetic phytochemicals that enrich the curd. Hence this work
evaluated the dual benefits of the fruits in coagulating milk and the antidiabetic activities found in the curd
produced by them.
Experimental approach. The three fruits were mixed to form a supercoagulant (a milk coagulant
mixture of the extracts at a ratio of 1:1:1), and the milk coagulation time was measured. The milk was
coagulated by the supercoagulant, and the fortified curd was tested for its ability to inhibit α-glucosidase
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and α-amylase. Then, the fortified curd was fed daily to streptozotocin-induced diabetic rats and
compared with the untreated diabetic rats and normal rats related to their biochemical markers such as
blood glucose level, aspartate aminotransferase, alanine transaminase etc and histopathology of their
liver and kidney tissues.
Results and conclusion. The supercoagulant had a milk coagulation time of (28±3) s at a 50
mg/mL concentration. Its fortified curd inhibited α-glucosidase and α-amylase, with IC50 values of
(4.04±0.03) mg/mL and (3.42±0.02) mg/mL, respectively. The average mass of the streptozotocininduced diabetic rats fed daily with curd formed by the supercoagulant (SC) was (201±10) g on day 20
in comparison to diabetic control rats (DC), (149±16) g. The blood glucose level after fasting for SC was
(15±1) mmol/L compared to DC rats, (26±2) mmol/L. Blood tests on SC for aspartate aminotransferase,
alanine transaminase, gamma-glutamyl transferase and alkaline phosphatase (liver function tests) levels
were shown to be (214±78) U/L, (91±13) U/L, 3 U/L and (510±138) U/L, respectively, while the total
protein test and renal function tests showed the levels of albumin, globulin, urea and creatinine to be
(37±2) g/L, (30±2) g/L, (11±1) mmol/L and (42±3) µmol/L, respectively. These levels were found to be
approximately similar to those of the normal rats on day 20. Furthermore, a histopathological study
performed on the liver and kidney of the rats found no apparent damage.
Novelty and scientific contribution. This supercoagulant derived from a mixture of fruits is able to
coagulate milk rapidly, and its curd is fortified with safe antidiabetic agents. The supercoagulant
potentially useful in producing functional dairy food to prevent diabetes or as supplement for diabetics to
control their blood sugar. Such products capable to replace dairy products derived from animal enzymes
or add to existing functional dairy products for selection by consumers.

Keywords: milk coagulation; antidiabetic curd; streptozotocin-induced diabetes; Morinda citrifolia;
Mangifera indica; Ananas comosus

INTRODUCTION
Milk and dairy products are known for their health benefits due to the biologically active
components they contain, including bioactive peptides, organic acids, vitamins and others. Curd is a type
of dairy product formed from the curdling of milk through the coagulation process. The most common
protein found in mammalian milk is casein. The clotting of milk can be described as the clumping of casein
due to the distorting effects of the coagulant that eventually cause the formation of gel-like structures
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capable of absorbing some water as well as trapping fat globules (1). In general, milk coagulation can be
achieved by the addition of enzymes, acid treatment, or heat-acid treatment. In cheese manufacturing,
enzymatic coagulation of milk by chymosin (rennet) is widely used, an enzyme typically isolated from the
stomachs of young ruminant animals that may be considered to be unethical. Other sources of milk
coagulant are extracted from animal sources, including adult cows and pigs, which have come into conflict
with religious beliefs. Moulds, mostly genetically engineered, that have the capability to produce
proteolytic enzymes, are used to produce microbial rennet as an alternative to animal-sourced
coagulants. However, these products have raised serious concerns, as genetically modified (GM) foods
in food production have been claimed to cause life-threatening allergic reactions and they have been
banned in France, Germany, and the Netherlands (2).
The increasing demand for dairy products such as cheese, yogurt and others globally has led to
research seeking an alternative source of coagulant to form curd, and one such source is plants. Many
plant coagulants have been identified to have milk-coagulating capabilities and therefore they can be
used as an alternative to commercial coagulants (3). However, plant-derived coagulants come with
problems such as the longer time needed for a complete coagulation process compared to rennet, a
potential bitter flavour and an inconsistent texture of the curd (2). These challenges can potentially be
overcome by combining a number of plants known for their ability to coagulate milk. Therefore, a
‘supercoagulant’ of plant extracts was established to enhance and improve the coagulation of milk.
Supercoagulant is a simple term given within this report to describe a combination of three plant extracts
made up of mango (Mangifera indica), pineapple (Ananas comosus) and noni (Morinda citrifolia). The
supercoagulant, apart from coagulating the milk, is expected to enrich the curd formed with secondary
metabolites or phytochemicals with medicinal properties.
Secondary metabolites play important roles in plants, including defence or preventive
mechanisms against infections and diseases. Once plants are consumed by humans and animals,
phytochemicals are useful and they have many biological capabilities. One such potential is in the
prevention of diabetes, a disease that is becoming a major public health concern. Diabetes, especially
type 2 diabetes, is of concern to people consuming food rich in sweeteners. The International Diabetes
Federation (IDF) stated that the prevalence of diabetes among Malaysian adults over 18 years of age
was 16.9 %, with 3.49 million reported cases of diabetes in 2017 (4). α-Glucosidase and α-amylase are
the key enzymes involved in the hydrolysis of carbohydrates to glucose and other monosaccharides. Due
to the absence or ineffectiveness of insulin found in diabetic patients, the hydrolysis of carbohydrates can
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cause an accumulation of glucose, leading to hyperglycaemia (5). To counter this, these enzymes need
to be inhibited, and it has been found that the phytochemicals made by plants are capable of doing this
(6-8). Many studies have been performed on the antidiabetic properties of plants, but none have
investigated the curd that is formed by them by coagulation of milk. Hence, this study focuses on milk
coagulation by the supercoagulant to form curd and the antidiabetic properties that it incorporates within
the curd after coagulation. Supercoagulant is the term used for a coagulant mixture that contains the
three plant extract samples of M. citrifolia L., A. comosus L. cv. Sarawak and M. indica L. cv. Apple.

MATERIALS AND METHODS
Sample
Mangifera indica L. cv. Apple, Morinda citrifolia L. and Ananas comosus L. cv. Sarawak were
obtained from various cultivators at region of Kuantan, Malaysia and their voucher specimens were
deposited at the Institute of Biological Sciences, University of Malaya, Malaysia with voucher numbers of
HI1445, HI1446 and HI1447, respectively. The seeds (seed coat removed) of M. indica and the fruits of
A. comosus and M. citrifolia were washed thoroughly to remove unwanted contaminants and then cut
into pieces. The M. indica seeds were dried in an oven (Universal Oven UN Model Size 55, Memmert
GmbH, Schwabach, Germany) with convection at 50 ℃ until dry and brittle enough to be pulverized into
powder. A. comosus and M. citrifolia were used fresh to avoid spoilage by fungi under drying.

Preparation of extracts
A total of 10 % (m/V) powdered M. indica seeds were mixed in water for aqueous extraction. The
mixture was spun at a constant speed in a magnetic stirrer (Nuova II Stir Plate, Thermolyne Corporation,
USA) for 5 hours before removing large particles with a coarse muslin cloth filter followed by fine filtration
with Whatman Grade 1 filter paper (Sigma-Aldrich, St. Louis, USA). The supernatant was freeze-dried
(Labconco™ FreeZone™ Console Freeze Dryer, Fisher Scientific, Kansas City, USA) and kept until
further use. Each sample of A. comosus and M. citrifolia at 10 % (m/V) in water were squeezed in a
perforated stainless-steel filter and consequently fine filtered in Whatman Grade 1 filter paper (SigmaAldrich, St. Louis, USA) for their saps before being freeze-dried.

Super-coagulant formation
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M. citrifolia, M. indica and A. comosus extracts were combined at a ratio of 1:1:1, i.e. 10 g each
was homogenized and dissolved completely in 500 mL of deionized distilled water. This mixture was then
freeze-dried to obtain the supercoagulant powder, which was used throughout this study. Type II rennet
with chymosin as the main constituent sourced from Rhizomucor meihei (Sigma-Aldrich, St. Louis, USA)
was used as the coagulant control for comparison.

Determining the milk coagulation time
The time was recorded after confirming three parameters: the change in viscosity and colour as
well as white spots appearing in a drop of milk supplemented with coagulant were verified under a light
microscope (Nikon Eclipse E100, NY, USA, fitted with a digital imager, DinoEye Eyepiece Camera
Software) at intervals of every 5 s. The milk mixture tested included 1 mL of 10 % (m/V) skim milk (BD
Difco, US) with 0.5 mL of either 5 % (m/V) supercoagulant or 1 % (m/V) rennet exposed to conditions of
pH=6.5, 35 °C and 10 mM CaCl2 (Sigma-Aldrich, St. Louis, USA). Experiments were performed in
quadruplicate. The pH=6.5 was used as it is the natural pH of milk while CaCl2 functions as a cofactor for
milk coagulation by promoting the aggregation of casein micelles (9). The coagulant concentrations used
was 5 % (m/V) supercoagulant and 1 % (m/V) rennet and this is to achieve a standard coagulation time
of about 30 s for both the coagulants as it is ideal to be managed in laboratory conditions for the purpose
of analysis. A choice of too rapid coagulation time was found to complicate the analysis and comparison
between the coagulants.

Determining the visible changes and measuring the calcium content of the coagulated milk
The observations were performed on supercoagulant coagulated milk, rennet coagulated milk
and milk alone (control). In each test, 1 mL of 10 % (m/V) skim milk (BD Difco, Sparks Maryland, USA)
was treated with 0.5 mL of either 5 % (m/V) supercoagulant or 1 % (m/V) rennet or milk alone under
conditions of pH=6.5, 35 °C and 10 mM CaCl2 (Sigma-Aldrich, St. Louis, USA). The samples were
centrifuged at 10 062×g for 60 s using a microcentrifuge (Z 216 MK, Hermle, Germany) to separate the
curd and whey for comparison with each other. Next, in separate tests, structural changes were observed
using a standard light microscope (Nikon Eclipse E100, NY, USA, fitted with a digital imager, DinoEye
Eyepiece Camera Software) at low magnification. Finally, the structural changes were also viewed at a
higher resolution using a scanning electron microscope (Fei Quanta 50, Thermo Fisher Scientific,
Cleveland, USA).
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For determining the amount of calcium, all parameters were similar to those for the evaluation of
the visible changes except without the addition of CaCl2, as this study investigated the contributions of
the in situ calcium present in milk. After being left overnight for coagulation, the curds together with whey
and the milk alone were freeze-dried before measuring the calcium content by using an ICP-OES (Optima
7300 DV, Perkin Elmer Inc., Shelton, USA).

Curd fortified with super-coagulant for determining antidiabetic activities
The supercoagulant curd (Fig. S1a) was prepared by allowing 5% (m/V) of the supercoagulant to
react completely overnight with 10 % (m/V) skim milk (BD Difco, USA) in conditions of pH=6.5, 35 °C and
10 mM CaCl2. Centrifugation (Z 216 MK, Hermle, Germany) was performed at 10 062×g for 2 min to
remove the whey, and only the curd was freeze-dried and then used for further study. Similarly, the
prepared curd formed by 1 % (m/V) rennet (Fig. S1b) was used as a control.
α-glucosidase inhibitory assay
This assay was a modification of a previous method (10). Briefly, an equal volume of various
sample aqueous solutions was mixed with 1 U/mL of the enzyme (α-glucosidase isolated from
Saccharomyces cerevisiae, Sigma-Aldrich, St. Louis, USA) in potassium phosphate buffer, pH=6.9, and
incubated for 30 min at 37 °C. This was followed by an additional 15 min of incubation after adding 10
mM p-nitrophenol-α-glucopyranoside (Sigma-Aldrich, St. Louis, US). The reactions were stopped by
adding 100 mM Na2CO3 (Merck, Germany) to the mixture. The samples tested included supercoagulant
curd, rennet curd and acarbose (100 mg of Glucobay tablet, Bayer Inc., USA), plus a control without any
sample. All of the samples were conducted in multiples of five for the calculation of standard errors. The
absorbance was measured at 405 nm using microplate reader (Infinite 200 PRO equipped with Magellan
software, Tecan, Switzerland) and the % inhibitory activity was calculated with the following equation:
Inhibitory activity= (

Acontrol − Atest
)  100
Acontrol

/1/

where A is the absorbance reading at the specified wavelength.
A graph of % enzyme inhibitory activity versus the concentration of the sample was used in
estimating the IC50 value.
α-amylase inhibitory activity assay
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The assay was a modification of a previous method (11). Briefly, 250 µL samples in increasing
concentrations were mixed with 50 µL of 2 U/mL of the enzyme (α-amylase isolated from pig, SigmaAldrich, St. Louis, USA) in potassium phosphate buffer (Sigma-Aldrich, St. Louis, USA), pH=6.9, and
incubated for 30 min at 25 °C. Next, the cells were incubated for an additional 10 min once starch (1 %
m/V) (Sigma-Aldrich, St. Louis, USA), was added as a substrate for the reaction. The reaction was
terminated by adding 50 µL of 3,5-dinitrosalicyclic acid or DNS (Sigma-Aldrich, St. Louis, USA) at 85 °C
and immediately cooling for 5 min to room temperature. The samples tested included supercoagulant
curd, rennet curd and acarbose (100 mg of Glucobay tablet, Bayer Inc., USA), and a control without any
sample. All samples were conducted in multiples of five for the calculations of standard errors. The
absorbance was measured at 540 nm using microplate reader (Infinite 200 PRO equipped with Magellan
software, Tecan, Switzerland), and the % inhibitory activity was calculated with Eq. 1. A graph of %
enzyme inhibitory activity versus the concentration of the sample was used for estimating the IC50 value.
Determining the effects of the super-coagulant curd in rats induced with diabetes
Approval to conduct an in vivo study was obtained from the Animal Ethics Committee of Universiti
Malaysia Pahang (Approval No. UMPIACUC/2020/02) for the use of 12 Sprague-Dawley male rats. The
rats, weighing between 200 and 300 grams, were allowed to acclimatize for 2 weeks to laboratory
conditions. The experiment involved three groups of rats with 4 in each group: normal control (NC),
diabetic control (DC) and supercoagulant curd (SC). Diabetes conditions were induced by streptozotocin
(Sigma-Aldrich, St. Louis, USA) using a previously described method (12). Briefly, the rats in the DC and
SC groups were injected IP (intraperitoneally) with 60 mg/kg streptozotocin dissolved in 50 mM sodium
citrate buffer (Sigma-Aldrich, St. Louis, USA) at pH=4.5. Throughout the day, the rats were given 10 %
(m/V) sucrose (Sigma-Aldrich, St. Louis, USA) in water and standard food pellets (Gold Coin Feed Mills
Sdn. Bhd. Kuala Lumpur, Malaysia) for the initiation of the hypoglycaemia effect. The next day, they were
given water and food ad libitum. Their initial mass and blood glucose levels were measured before (day
0) and after (day 5) inducing diabetes, with the blood glucose level of the latter being greater than 22
mmol/L.
The experiment commenced by giving the NC and DC groups 2 mL of water alone while SC was
dosed with 300 mg/kg supercoagulant curd daily using oral gavage for a total of 20 days. Consequently,
the mass and blood glucose after fasting were measured (Accu-Check Performa Glucometer, Roche,
Germany) for each rat at intervals of every 5 days. On day 20, the rats were sacrificed humanely by
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overdose with a ketamine and xylazine mixture (LASAM, UKM, Malaysia). A total of 1.0 mL blood was
drawn directly from the heart once the midline of the abdomen was cut open to reveal the abdomen
cavity. Next, the liver and right kidney were dissected and preserved in 10 % formalin (Merck, Germany).
The blood was sent in vacutainers for biochemical parameter diagnostics at Gribbles Pathology
Laboratory, Malaysia. The organs were xylene processed, embedded in paraffin wax, microtome sliced
into 5-micron sections, and then stained with haematoxylin and eosin, and the prepared slides were
carefully graded under a light microscope (Nikon, Eclipse TS100) by an expert pathologist as described
previously (13).

Statistical analysis
Data analysis was performed using IBM Statistical Product and Service Solutions (SPSS)
Statistics version 25 tools (IBM Corp, NY, USA) (14). All of the samples were conducted in multiples of
five for the calculation of standard errors and data were expressed as mean±standard error. The results
were considered significant at p-values less than 0.05. An independent t-test was used to compare the
data within the group while one-way ANOVA was used to compare the data between groups, followed
by Tukey’s post hoc test for multiple groups comparison.

RESULTS AND DISCUSSION
Milk coagulation and fortification of the curd
The supercoagulant contains extracts from M. citrifolia L., A. comosus L. cv. Sarawak and M.
indica L. cv. Apple mixed in a ratio of 1:1:1. The ratio was selected as the protein and phytochemical
content within the fruits vary from batch to batch and therefore, an equal mixing of the three fruits is
required so that they can contribute equally to the milk coagulating ability and biological activity of the
supercoagulant. These fruits have the ability to coagulate milk due to the presence of milk-coagulating
proteases. It was found that 5 % (m/V) supercoagulant had a coagulation time of (28.33±2.89) s, while 1
% (m/V) rennet had a coagulation time of (31.67±2.89) s (data not shown). Rennet (a commercial milk
coagulant) was chosen to be used randomly at a concentration five times lower for testing than
supercoagulant, as the former is a purified protease, while the supercoagulant crude plant extracts are
known to contain mostly non-protein constituents. Earlier studies have proven that milk-coagulating
proteases are present in each of the fruits that make up the supercoagulant. Studies have shown that M.
citrifolia contains proteases that are able to coagulate milk, while bromelain, a protein commonly found
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in A. comosus, has also been found to have milk-coagulating capability (15-16). Previous studies have
also shown that M. indica L. cv. Apple has milk-coagulating capability due to the proteases found in it
(17).
Fig. 1 shows the visible changes in pure milk, supercoagulant coagulated milk and rennet
coagulated milk after centrifugation, light microscope analysis and SEM analysis. There was no
separation observed for pure milk (Fig. 1a), while clear separation was observed for milk supplemented
with supercoagulant (Fig. 1b) and rennet (Fig. 1c) after centrifugation. The centrifuging performed on the
supercoagulant and rennet coagulated milks showed that coagulation has occurred as the milk
components consist of the solid curd and the liquid whey, which only separate after the coagulation of
milk (18). Additionally, for microscopic analysis, the pure milk (Fig. 1a) shows a confluent milk structure
with no dark spots or aggregation of casein, while the supercoagulant (Fig. 1b) and rennet (Fig. 1c)
coagulated milks show obvious dark spots and colloidal structures of aggregation of casein micelles. For
the SEM analysis, the pure milk in Fig. 1a has a smooth surface with hair-like structures that can be seen,
which could be casein micelles with kappa-casein (19). Spaced-out structures can be seen that show no
aggregation of molecules and thus no coagulation. On the other hand, for the supercoagulant Fig. 1b and
rennet Fig. 1c coagulated milk, instead of a smooth surface, both display a rough surface with no clear
see-through spaces or translucent areas between the structures because the particles have aggregated
together due to coagulation. The dark aggregated spots during light microscopy and SEM analysis
represent the aggregated casein micelle that would form the curd, while the clear spaces between them
represent the whey (20). It can also be seen that rennet forms a denser curd than supercoagulant, as
there are fewer spaces between the structures. This is because rennet is a purified protease, and
therefore, it cleaves κ-casein at the Phe105–Met106 bond in the casein micelles more effectively than
supercoagulant, forming a more complex three-dimensional network of chains and clusters (21). A study
also reported that low proteolytic activity forms a denser protein network, which is why the rennet
coagulated milk structure is denser (22).
The casein micelles are made up of casein submicelles that contain colloidal calcium phosphate
clusters and a “hairy” layer of protruding κ-casein, which gives the micelle steric and electrostatic stability
(23). The function of calcium phosphate nanoclusters in milk is to prevent precipitation and calcification
of the milk and to interlock the protein strands within the casein micelle (24). During cheese-making, a
specific protease is added to the milk to cleave κ-casein on the surfaces of the casein micelles, which
will lower the repulsive forces between them and cause aggregation (23). Theoretically, when κ-casein
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is cleaved, calcium phosphate nanoclusters might also become disrupted and solubilize, which would
lead to an increase in the total calcium content within the curd during coagulation of milk. Calcium is an
essential element in the secondary stage of coagulation, where it helps with the aggregation of casein
micelles (25). Fig. 2 shows the pure milk, supercoagulant coagulated milk and rennet coagulated milk
after determination of the calcium content using ICP-OES. The concentration of calcium in pure milk was
1654 mg/kg, and this value is similar to a previous study, which found that commercial skim milk in South
Korea contains 1184 mg/kg calcium (26). Accordingly, a surge in calcium release was detected, and its
content in rennet coagulated milk was almost twice as high as the calcium content of supercoagulant
coagulated milk. This may be because rennet is a purified form of protease; therefore, the cleavage and
coagulation it carries out is much more efficient and specific than supercoagulant, which is in a crude
form.

In vitro antidiabetic activities of fortified curd
The inhibition of two important polysaccharide-degrading enzymes, α-glucosidase and αamylase, by the supercoagulant curd is shown in Fig. 3. The inhibition by supercoagulant was compared
with Acarbose, a common drug used to treat type 2 diabetes mellitus. The IC50 values for α-glucosidase
for acarbose and the supercoagulant curd were (0.05±0.02) and (4.04±0.03) mg/mL, respectively. The
IC50 values for α-amylase were (0.03±0.02) and (3.42±0.02) mg/mL, respectively. The supercoagulant
curd was found to have significant antidiabetic properties even though its IC50 value was comparably
higher than that of acarbose. The supercoagulant curd had an IC50 value compared to the no IC50 value
achieved for the rennet curd. This is due to the presence of phytochemicals within the plant extracts that
give the supercoagulant curd its antidiabetic properties. M. indica seed extract and the fruit extracts of
M. citrifolia have been reported to possess excellent antidiabetic activity based on studies conducted in
tissue culture and animal models where they found to inhibit the α-glucosidase and α-amylase enzymes
and bring down the blood sugar level (27).
For α-glucosidase inhibitory activity, M. indica seed extract and fruit extracts of M. citrifolia have
been found to have IC50 values of 0.34 and 0.2 mg/mL, respectively (27-28). Similarly, for α-amylase
inhibitory activity, M. indica seed extract and fruit extracts of M. citrifolia have been found to have IC50
values of 0.71 and 2.62 mg/mL, respectively (27-29). When compared with the literature, the
supercoagulant curd’s α-glucosidase and α-amylase inhibitory activities were not as strong as those of
its individual fruits. The possible differences between the IC50 values may be due to several factors, and
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one factor is the leaching out of the antidiabetic components into the discarded whey during curd
production (30). Other factors include differences in ripeness, varieties of fruits, and growth conditions
(31). Nevertheless, the supercoagulant curd was still able to provide significant antidiabetic activity as
opposed to rennet curd, which has no IC50 value.
In vivo antidiabetic activities and safety evaluations of the fortified curd
The supercoagulant curd was then subjected to in vivo testing of its antidiabetic properties in rats.
Fig. 4 shows the mean body mass and glucometer measurements for the fasting blood glucose level in
normal control (NC), diabetic control (DC) and supercoagulant curd (SC) rats. The parameters showed
no changes on day 0 for NC or for both DC and SC prior to the diabetes induction of the rats (p>0.05).
The mass progressively increased for NC rats, being the heaviest on day 20 with a mean body mass of
(355±24) g. Growth can be defined as a progressive increase in body mass of an animal during a specific
time period due to the accumulation of protein, fat and bone in the animals, which is why there is a
constant increase in body mass in the NC group (32). On day 20, the DC group of rats had a mean body
mass of (149±16) g, an unfavourable reduction of 34 % compared to the initial mean body mass, (227±13)
g. The SC group of rats also showed a reduction of mean body mass but only by approximately 11 %.
The mean body mass of diabetic rats was found to decrease over time as the pancreatic beta cells were
damaged, causing less insulin production. This prevents the breakdown of glucose in body cells;
therefore, the body cannot use glucose as a source of energy but instead uses proteins and fats in the
body, which leads to a loss of body mass (33). However, oral treatment of the rats with supercoagulant
curd (SC) reduced the drastic mass loss observed in the untreated animals (DCs).
For the fasting blood glucose levels, the measurements showed elevated DC and SC once the
rats were induced to be diabetic at day 1. The DC blood glucose level remained high and somewhat flat
throughout the measurements until a final reading of (26±2) mmol/L in comparison to SC, where it was
reduced to (15±1) mmol/L; however, this value was still found to be almost twice the value of NC, (8±1)
mmol/L on day 20. All of the differences in measurements for DC and SC were found to be statistically
significant compared to NC (p<0.05). The administration of streptozotocin destroys pancreatic beta cells
and causes less insulin to be released into the body, which leads to the accumulation of glucose and the
development of constant hyperglycaemia (34). The hydrolysis of carbohydrates to glucose and other
monosaccharides in the body is caused by enzymes such as α-glucosidase and α-amylase. Due to the
absence or ineffectiveness of insulin, the hydrolysis of carbohydrates causes an accumulation of glucose.
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Antidiabetic drugs such as acarbose are used to inhibit these enzymes so that the glucose level remains
low in the body (5). Supercoagulant curd was found to have a similar effect to these drugs, as it was also
found to lower the blood glucose level in the SC group rats. Studies have shown that certain plants have
the capability to inhibit the α-glucosidase and α-amylase enzymes to lower blood glucose levels, and
similarly, the supercoagulant curd was found to have this capability during in vitro antidiabetic studies
(35). The supercoagulant was able to reduce the increasing fasting blood glucose level, as evident in the
diabetic rats after day 20.
Several biochemical diagnostic parameters were evaluated in the rat blood and are shown in
Table 1. The levels measured for aspartate aminotransferase, alanine transaminase, gamma-glutamyl
transferase and alkaline phosphatase were significantly higher between the DC and NC groups of rats
(p<0.05). The levels of aspartate aminotransferase, alanine transaminase and gamma-glutamyl
transferase were similar to those in SC rats, while alkaline phosphatase levels were found to be low
compared to those in untreated DC rats.
When liver tissues are damaged, additional enzymes are released into the bloodstream and raise
the enzyme level in the blood (36). The enzymes in the DC group were significantly higher than those in
the other groups due to liver cell injury by streptozotocin in diabetic rats, which increased the release of
liver enzymes into the blood (37). On the other hand, the SC group had enzyme levels that were
significantly lower than those of the DC group (p<0.05), which shows that even though the SC group was
initially diabetic, treatment with the supercoagulant curd helped lower the diagnostic enzyme levels. The
treatment was effective in lowering all of the enzyme levels of the diabetic rats to almost normal levels
except for alkaline phosphatase. The alkaline phosphatase level of the SC group did not decrease as
much as that of the other enzymes, but it still showed a significant reduction in alkaline phosphatase
levels compared to the DC group.
The same trend was also observed for the protein levels tested, whereby the albumin, globulin
and total protein values were similar between NC and SC but were significantly reduced for the DC group
of rats (p<0.05). A total protein test was used to determine the amount of protein in the blood and to
diagnose liver and kidney functions. If the total protein level is low, there may be a liver or kidney problem
because the protein is not digested and absorbed properly by the body (38). The serum albumin level in
the DC group was significantly lower than that in the NC group, possibly due to increased urinary
excretion or low hepatic synthesis of albumin (39). However, this was not found for the SC group, as the
albumin level was found to be significantly higher (p<0.05) than that in the DC group and similar to that
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in the NC group. The DC group also showed lower levels of globulin than the NC and SC groups, but the
difference was not significant (p>0.05). The total protein level is the measure of the total amount of
albumin and globulin in the body, and the total protein level of the DC group was significantly lower than
that of the NC and SC groups (p<0.05). This is because in diabetic rats, intense changes in protein
metabolism and loss of nitrogen from organs take place, which causes a negative nitrogen balance (40).
This was not seen in the SC group, as the protein level was found to be significantly higher due to the
therapeutic effects of the supercoagulant curd.
For renal function diagnostics, urea and creatine were the highest in DC rats compared to NC
and SC rats. A renal function test was used to determine the function and damage that occurred in the
kidney due to diabetes in the rats. Urea and creatinine are waste products in the blood that are eliminated
by the kidney. A high level of these waste products in the blood indicates damage to the kidney due to
diabetes (41). The DC group had a significantly higher urea level than the NC group (p<0.05), which
shows that the urea level in the blood is high due to significant renal damage. The rats in the SC group
showed significantly lower urea levels (p<0.05) than those in the DC group. The DC group also showed
the highest creatinine level compared to the other groups due to renal damage, which causes an
accumulation of creatinine in blood. These levels of SC were comparable to those of the NC group, which
shows that the treatment was effective in improving kidney function.
The livers of all of the rats from the NC, DC and SC groups, as shown in Figs. 5a, 5b and 5c,
respectively, had normal morphology and no signs of damage. The central vein was prominent, and the
hepatic sinusoids were well arranged amidst healthy parenchyma, which consisted of hepatocytes with
prominent round nuclei and abundant cytoplasm. Untreated diabetes is usually associated with damage
to the liver, as it increases oxidative stress and causes an aberrant inflammatory response that activates
the transcription of proapoptotic genes and damages hepatocytes in the liver (42). It was found that the
DC group had no overall structural changes visible as evaluated by the pathologist. These observations
are common in an acute study. The duration of the current study was only 20 days and hence generalized
as an acute study rather than a chronic study, which is usually 8 to 10 weeks (43-44). Even though the
liver function test revealed a preliminary elevation of biochemical markers in the blood, an acute study
period of 20 days is insufficient to cause observable liver damage. According to a previous study,
enlargement of the sinusoids and focal microvesicular fatty degeneration with vacuolization of liver cells
could be seen only in the 6th week of diabetes (45).
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The kidneys of the rats from the NC, DC and SC groups (Figs. 5d, 5e and 5f, respectively) showed
adequate glomeruli that were well spaced with normal orientation of the tubules. The interstitium had no
inflammation or oedema, and the tubules were empty with no casts or haemorrhage. The main function
of the kidney is to remove waste from the blood and return the cleaned blood back to the body. Diabetes
causes an accumulation of glucose in the body, and over time, a high level of glucose will damage the
blood vessel clusters called glomeruli in the kidney, which filters waste from the blood (46). This was not
seen for the diabetic rats, as this study was an acute study instead of a chronic study. The glucose in the
blood of the DC group rats did not cause observable damage to the kidney 20 days after induction of
diabetes, and a chronic study is required for significant damage to take place even though the renal
function test revealed a preliminary elevation of biochemical markers of the urea and serum creatinine
levels in the blood. Likewise, the SC group of rats showed similar normal morphology without any
observable damage. Such an outcome is attributed to the ability of medicinal plants that are considered
to have antidiabetic capabilities to ensure that blood glucose is low. Generally, most medicinal plants
have been indicated to be protective towards vital organs such as the liver rather than toxic (47).
However, such protection or toxicity, if any, is best evaluated over a long duration, i.e. in chronic
assessment of the liver. Additionally, in both liver and kidney histopathology evaluations the curd
containing the plant phytochemicals were also concluded having no immediate toxicity to these organs.

CONCLUSIONS
This study focused on finding a plant-based coagulant with dual effects of coagulating milk to form
curd and giving the curd medicinal properties at the same time. M. citrifolia, A. comosus and M. indica
were mixed to form a supercoagulant. The supercoagulant demonstrated good milk coagulation
capability, which was evident upon comparison to rennet. Supercoagulant-fortified curd was also found
to have significant in vitro and in vivo biological activities in rats. Histopathological study was also
performed on the liver and kidney of the rats, and no damage was observable, which indicates that the
curd is safe for consumption. Having evaluated all of these results, it can be concluded that the
supercoagulant can serve as a raw material for preparing functional dairy food with dual effects of
coagulating milk and antidiabetic activities. Hence the functional dairy food capable to substitute or add
to the commercial animal dairy products and as supplements for the prevention of diabetic as well as for
diabetics to control their blood sugar level.
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Table 1. Changes in blood biochemical parameters on day 20

Blood

Units

Normal control

Diabetic control

Supercoagulant curd

(NC)

(DC)

(SC)

U/L

221.5±86.9

926.0±143.49

214.0±78.8

U/L

52.0±10.20

460.75±94.17

91.0±12.57

U/L

3.5±1.00

13.0±2.94

3.0±0.00

U/L

180.5±40.74

944.5±37.83

509.75±38.32

Albumin

g/L

38.5±2.89

26.0±1.15

37.25±1.89

Globulin

g/L

29.5±4.65

25.25±2.06

30.25±2.22

Total protein

g/L

68.0±1.83

51.25±2.99

67.5±1.73

Urea

mmol/L

7.05±1.18

19.65±1.86

11.05±1.08

Creatinine

µmol/L

40.25±4.11

44.0±3.37

42.25±2.75

parameters

Aspartate
aminotransferase
Alanine
transaminase
Gamma-glutamyl
transferase
Alkaline
phosphatase

The values are expressed as the mean±standard error, where p<0.05

22

Food Technology and Biotechnology 60 (3) 2022

www.ftb.com.hr

Please note that this is an unedited version of the manuscript that has been accepted for publication. This version
will undergo copyediting and typesetting before its final form for publication. We are providing this version as a
service to our readers. The published version will differ from this one as a result of linguistic and technical corrections
and layout editing.

Fig. 1. Pure milk (a), super-coagulant coagulated milk (b), and rennet coagulated milk (c); from left to
right: after centrifugation at 10 000 rpm for 60 s, under a light microscope at 100× magnification and SEM
micrograph at 500× magnification, respectively.
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Fig. 2. Calcium content (mg/kg) determined using inductively coupled plasma optical emission
spectroscopy (ICP-OES). The experiment was performed in quadruplicate, and the values are expressed
as the mean±standard error, where p<0.05
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a)

b)
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Fig. 3. The % α-glucosidase inhibition versus the log10 concentration of the tested samples (a) and the %
α-amylase inhibition versus the log10 concentration of the tested samples (b). The experiments were
performed in quadruplicate, and the values are expressed as the mean±standard error, where p<0.05
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a)

b)

Fig. 4. Mean body mass of the rats (in g) (a) and mean fasting blood glucose (in mmol/L) (b) over the
course of 20 days. The experiments were performed in quadruplicate, and the values are expressed as
the mean±standard error, where p<0.05

27

Food Technology and Biotechnology 60 (3) 2022

www.ftb.com.hr

Please note that this is an unedited version of the manuscript that has been accepted for publication. This version
will undergo copyediting and typesetting before its final form for publication. We are providing this version as a
service to our readers. The published version will differ from this one as a result of linguistic and technical corrections
and layout editing.

Fig. 5. Photomicrographs of liver cross-sections of NC (a), DC (b), SC (c) and kidney cross-sections of
NC (d), DC (e) and SC (f) rats at 10× magnification
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Fig. S1. Supercoagulant curd (a) and rennet curd (b) obtained after coagulation of milk and removal of
whey
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