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Abstract

Background Nutritional deficiency diseases are common in India and other developing countries. Recently, herbal nutra-
ceutical products have diminished diseases related to nutrition and improper diet. The current study aimed to develop
a powdered herbal nutraceutical using certain native edible plant parts from Tripura, India, and to assess its antidiabetic
activity.

Methods Plant parts were selected based on the ethnomedicinal information of healers. Nutraceutical powder was
prepared by a simple mixing method using a double cone blender. Bulk density, tapped density, Hausner quotient,
Carr's compressibility index, flow rate, and angle of repose were determined to evaluate the nutraceutical powder. The
proximate composition was determined by The Association of Official Analytical Collaboration (AOAC) methods. Essential
minerals were determined using an atomic absorption spectrophotometer (AAS). Vitamins (vit-C, vit-B9, vit-A, and vit-E)
were determined using HPLC. The anti-diabetic activity of the nutraceutical powder was evaluated by the Oral Glucose
Tolerant (OGTT) test.

Results All selected plants provided significant ethnomedicinal information. All physical parameters of the nutraceuti-
cal powder significantly matched the standard values. The formulated nutraceutical powder had a good caloric value
(369 kcal), and a good amount of minerals and vitamins were found. Formulated nutraceutical powder shows significant
antidiabetic activity.

Conclusion Based on the results, it was concluded that formulated nutraceutical powder may minimize various malnu-
tritional diseases and control the blood glucose label.
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1 Introduction

Dietary supplements, called nutraceuticals, reduce diseases associated with unhealthy eating habits. The terms
“nutrition”and “pharmaceutical” combine to form the phrase ‘nutraceutical’[1]. Any medication developed using food
components has essential nutrient benefits and reduces the risk of numerous long-lasting illnesses [2]. Plant-based
ingredients with multipurpose qualities are trendy worldwide in the dietary supplements and nutritional sectors.
These popularities include bolstering immunity, maintaining excellent physical condition, and protecting against
short- and long-term disorders. Similarly, there is an increasing market for foodstuffs and medications traditionally
used by tribal people [3].

Numerous Indian inhabitants tend to suffer from ailments that are linked to their dietary requirements. There are
regions in India with far worse dietary and nutritional conditions [4]. Nobel laureate in Economics Angus Deaton
claims that India’s national eating habits are primarily composed of carbohydrates with little polypeptide and fat,
contributing to inadequate nutrition in the country. According to World Bank data, India has one of the highest rates
of malnourished children in the world [5]. Eleven percent of diseases worldwide are caused by malnutrition. Malnutri-
tion is the root cause of many vitamin deficiency illnesses, including anemia, pellagra, scurvy, marasmus, and night
blindness. In light of this, drug manufacturers are creating a variety of polyherbal nutraceutical formulations (pow-
ders, tablets, and capsules) that contribute to lowering the global rate of lack of nutrition [6]. Certain Asian nations,
including China, Japan, India, South Korea, Thailand, Singapore, and Taiwan, have enormous potential for nutraceuti-
cal companies. These Asian nations are anticipated to take the forefront in manufacturing plant nutraceuticals owing
to their abundant raw materials, highly qualified labor, and first-rate research and development centers [7]. One of
the most affordable solid dose forms is powder, which is the most adaptable and accessible form to prescribe, mix,
and give. The use of powdered plant nutraceuticals has increased in developing and developed countries [8].

Diabetes, sometimes referred to as diabetes mellitus (DM), is a chronic metabolic condition that develops when
the body is unable to adequately utilize or create enough insulin [9]. Diabetes is one of the top 10 causes of death
and disability worldwide. Globally, 529 million people (6.1% of the population) have diabetes as of 2021 [10]. Accord-
ing to projections, 77 million people in India had diabetes in 2019, and this number is predicted to reach over 134
million [11]. Many medicinal plants have been explored by natural product scientists for the treatment of diabetes
mellitus. Diabetes can also be treated with a variety of herbal medications, including diasulin, pancreatic tonic 180
cp, dia-care, and epinsulin. Two crucial nutraceutical powder formulations used to treat diabetes mellitus are bitter
gourd and gurmar powders [12]. Recently, in Western countries, the use of herbal medicines for the treatment of
chronic diseases such as diabetes, heart disease, arthritis, and depression has increased [13].

A tiny highland province called Tripura is located in northeastern India’s southernmost region. It is located at lati-
tudes of 22° 56'-24° 32" and longitudes of 91° 10'-92° 21’ [14]. The state receives annual rainfall of 2400-2500 mm,
relative humidity of 70-85%, and temperatures between 10 and 35 °C. It experiences humid-mild tropical weather
[15]. In Tripura, 379 tree species, 320 bush, 581 herbs, 165 creepers, 16 creeper shrubs, 35 dense bushes, and 45 aero-
phytes have already been documented [16]. Nineteen tribes, including the Jamatia, Chakma, Halam, Kuki, Chaimal,
Uchoi, Magh, Garo, Lushai, Bhutia, Lepcha, Bhil, Munda, Oraon, Mog, Santhal, Murasing, Reang, and Tripuri, belong to
the province of Tripura. Their food habits are different from those of the general community. They consumed various
plant-related foods to maintain their diet. Surprisingly, the tribal communities of Tripura are much healthier than the
general community [17]. The current study aimed to develop a powdered herbal nutraceutical using certain native
edible plant parts from Tripura, India, and to assess its antidiabetic activity.

2 Methodology

2.1 Collection of plant materials and gathered the ethnomedicinal information

Plant samples were collected following the Plant Conservation Roundtable Conservation Guidelines. Fresh leaves of
Moringa oleifera Lam were collected in June 2022 and seeds of Lablab purpureus (L.) Sweet were collected in Septem-

ber 2022 from Killa, Udaipur, Gomati district of Tripura. The fruits of Musa paradisiaca L. and frond of Diplazium escu-
lentum (Retz.) Sw. were collected in July 2022 from Golaghati, Bishalgarh, Sepahijala district of Tripura. The collected
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plant species were identified by a plant taxonomist, Prof. B. K. Datta, Department of Botany, Tripura Central University,
Suryamaninagar, Agartala, India. After confirming the plant species, we have gathered ethnomedicinal information.

The Institutional Human Ethical Committee of Tripura University granted ethical approval and permission. Ethnome-
dicinal information about four edible plant parts (Moringa oleifera Lam (leaf), Lablab purpureus (L.) Sweet (seed), Musa
paradisiaca L. (fruit), Diplazium esculentum (Retz.) Sw. (frond) was collected from face-to-face verbal discussions with the
common healers of three ethnic communities (Debbarma, Koloi, and Garo) of Tripura. The common healers were well
informed and given a proper explanation about the study procedure, and informed consent was collected from them.
All the interacting persons of the three ethnic communities are adults at least 40 years old [18].

2.2 Processing of the plant’s materials

After proof of identity, the plant parts were cleaned carefully with purified water and air-dried. The dried samples were
then crushed again to obtain a fine powder. The powder material was packed in a closed vessel and well-preserved at
room temperature for future research [18].

2.3 Experimental animals

Adult Swiss-albino mice (18-25 g) both sexes were used for acute toxicity test. Male ob/ob mice (type Il diabetes mice)
(weighing 50-55 g, age 12-week) were used for the anti-diabetic activity test. The animals were obtained from the animal
house of Tripura University (A Central University). The Temperature (20 °C) and humidity (53%) of the animal house were
controlled and maintained under a 12 h/12 h light/dark cycle. Food and water were available during the fasting period.
National Institutes of Health regulations were followed for the care and handling of the animals. The Institutional Ethics
Committee (No. 1667/GO/a/12/CPCSEA) approved the study protocol [19].

2.4 Formulation of nutraceutical powder doses

A new herbal anti-diabetic nutraceutical powder was prepared by mixing the powdered samples from different plants.
A specified amount (Table 1) of previously processed plant materials (leaves of Moringa oleifera Lam, seed of Lablab
purpureus (L.) Sweet, fruit of Musa paradisiaca L., frond of Diplazium esculentum (Retz.) Sw.) were placed in a double-cone
blender (AISI 316) to properly mix the whole sample. The mixed powder samples were collected and kept in a closed
container with proper labeling [20].

2.5 Evaluation of formulated powder

The powder was evaluated using the method of Chime et al. [22] with some modifications. The bulk density, tapped
density, Hausner quotient, Carr's compressibility index, flow rate, and angle of repose of the powder were determined
to evaluate the nutraceutical powder.

2.6 Acute toxicity test

Acute toxicity tests of the formulated nutraceutical powder samples were performed using the Lorke [23] method with
some modifications. Swiss-albino mice of both sexes (18-25 g) were divided into different groups (one control group
and six test groups). Each group contained ten animals. The control group received only distilled water, whereas the six
different treated groups received different doses (10, 50, 300, 800, and 1200, 2000 mg/kg body weight) of the powder
sample orally. Mice were then kept under observation for up to 72 h for any mortality and symptoms of toxicity [23].

Table 1 Formulation chart

of the herbal nutraceutical Herbal ingredients Quantity taken for 100 g Reference
powder Moringa oleifera Lam leaf powder 309 [21]
Lablab purpureus (L.) Sweet seed powder 409
Diplazium esculentum (Retz.) Sw. frond powder 209
Musa paradisiaca L. unripe fruit powder 109

@ Discover



Research Discover Food (2024) 4:72 | https://doi.org/10.1007/544187-024-00158-9

2.7 Estimation of proximate composition

Total moisture, total carbohydrate, complete protein, total fat, total ash, and total caloric value of the nutraceutical pow-
der were determined by the method of Goswami and Manna [24] with some modifications. The total dietary fiber of the
nutraceutical powder was determined using the method of Ozolica et al. [25] with some changes.

2.8 Determination of minerals

Manna et al's [26] method, with some modifications, was used to determine the mineral content of the formulated pow-
der. Mineral concentrations were determined by atomic absorption spectrophotometry (AAS).

2.9 Determination of vitamins

Two water-soluble vitamins, vit-C and folic acid, were determined by the Debnath and Manna [27] method with some
modifications using the RP-HPLC system.

Instrumental condition

Column: C18 BDS column (10 cm X 4.6 mm; 3 um)

Mobile phase: A=Hexane-1-sulfonic acid sodium (5.84 mM): acetonitrile (95:5) with 0.1% triethylamine as solvent (A)
at pH 2.5; B=5.84 mM of hexane-1-sulfonic acid sodium: acetonitrile (50:50) with 0.1% triethylamine as solvent (B) at
pH 2.5, pH=3.54.

Flow rate: 1.6 ml/min.

Injected volume: 20 pl

Absorbance recorded: vitamin C=246 nm, folic acid =282 nm.

Two fat-soluble vitamins, vit-A and vit-E, were determined by the Debnath and Manna [27] method using an RP-HPLC
system with some modifications.

Instrumental condition

Column: dC18 column (particle diameter 5 um, 150 x4.6 mmi.d.)
Mobile phase: methanol:water=98:2.

Flow rate: 1.00 ml/min

Injected volume: 10 pl

Absorbance recorded: vitamin E=230 nm, vitamin A=265 nm.

2.10 Anti-diabetic activity
2.10.1 Experimental design

The animals were randomly divided into three groups for testing. Each group contained six animals. Group I: vehicle
control group treated with 0.5% sodium carboxymethyl cellulose, Group II: positive control group treated with 200 mg/
kg metformin via gavage, and Group lll: test group treated with 200 mg/kg herbal nutraceutical powder via gavage. The
experiment was continued for 4 weeks. At the end of the investigation, all animals were fasted overnight, and blood
samples were collected from the tail vein. Before blood collection, the animals were administered pentobarbital (i.v.) as
an anesthetic agent [28].
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2.10.2 Oral glucose tolerance test (OGTT)
After 4 weeks of treatment with the formulated nutraceutical powder, the animals were fasted overnight, and glucose

solution (2 g/kg of body weight) was administered orally. Blood samples were collected at time intervals of 0, 30, 60,
90, and 120 min. Blood glucose was measured using a glucose meter (i-QARE DS-W*®) [28].

3 Statistical analysis
For analysis of the physical evaluation test, proximate compositions, minerals, and vitamin data of the formulated

nutraceutical powder were expressed as mean + SDs. For the evaluation of antidiabetic activity in ob/ob mice, data
are expressed as mean + S.E.M. All statistical analyses were performed using SPSS 17.0 software.

4 Result
4.1 Ethnomedicinal information of plant

The ethnomedical information of the plant samples is presented in Table 2.

4.2 Evaluation of nutraceutical powder

The evaluated parameters of the nutraceutical powder are presented in Table 3. All the parameter values showed
satisfactorily.

4.3 Acute toxicity study
The results indicated that at the highest dose of 2000 mg/kg body weight, the formulated nutraceutical powder

did not show any changes in behavior, and no death was observed. This resolved that no lethal or toxic effect up to
2000 mg/kg b.wt. dose of the formulated nutraceutical powder.

4.4 Determination of proximate composition

The total estimated quantity of the proximate composition of herbal nutraceutical powder is represented in Table 4.

4.5 Minerals determination

The determined mineral values are presented in Table 5.

4.6 Determination of vitamins

The estimated values of water-soluble vitamins (vitamin C and folic acid) and fat-soluble vitamins (vitamin A and
vitamin E) in the herbal nutraceutical powder are presented in Table 6.
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Table 3 Evaluated physical
parameters of prepared
nutraceutical powder

Table 4 Proximate
composition of herbal
nutraceutical powder

Table 5 Minerals profile of
herbal nutraceutical powder

Table 6 Quantitative profiles
of water-soluble and fat-
soluble vitamins

Physical parameters

Nutraceutical powder

Bulk density (g/mL) 0.44+0.03*

Tapped density (g/mL) 0.45+0.03*

Hausner quotient 1.1+£0.01*

Carr's compressibility (%) 8.08+£0.88*

Angle of repose (°) 32.63+1.53%

Flow rate (g/s) 6.03+£0.56*

*Values represent mean = SDs for three samples

Proximate compositions Total
amount (%)
(mean£SDs)

Moisture 3.68+0.40%

Carbohydrate 71.27 £1.09*

Protein 15.9+0.62*

Total fat 2.29+0.12*

Ash 6.08£0.28*

Dietary fibre 4.18+£0.34*

Energy 369 kcal

*Values represent mean = SDs for three samples

Minerals Total amount
(mg/100 g)
(mean+SDs)
Iron 0.96+0.05*
Sodium 0.16+0.05*
Potassium 49.73£1.47*
Calcium 11.34+0.90*%
Manganese 3.87+0.08*
Phosphorus 10.61+0.48*%

*Values represent mean = SDs for three samples

Name of the vitamins

Total amount

(mean+SDs)
Ascorbic acid (vitamin C) (mg/100 g) 3.22+1.13%
Folic Acid (vitamin B,) (mcg/100 g) 20.56+0.66*
Retinol (vitamin A) (mcg/100 g) 30.19+1.05*%
Tocopherol (vitamin E) (ng/g) 1.84+0.07*

*Values represent mean = SDs for three samples
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Fig. 1 Oral glucose tolerance
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4.7 Evaluation of antidiabetic activity
4.7.1 Oral glucose tolerance test (OGTT)

Blood glucose levels at different time intervals are shown in Fig. 1. From Fig. 1, it was observed that the test group
(received nutraceutical powder) significantly reduced the blood glucose level compared to the control and standard
groups.

5 Discussion

Ethnomedicine is an anthropological field that provides traditional health and disease-related knowledge of indig-
enous and ethnic communities worldwide. Ethnomedicine can also be defined as the use of plants by humans as
medicines [29]. The conventional understanding of various ethnic groups has helped to build up ethnomedicinal
studies [30]. In the present experiment, the ethnomedicinal report was collected from three different ethnic com-
munities (Debbarma, Koloi, and Garo) of Tripura, India, and it was found that all the plant samples have significant
ethnomedicinal importance.

Mixing is the best method for powder formulation. In ancient times, various Ayurvedic churnas were prepared
using a mixing method [31]. The newly formulated nutraceutical powder was well mixed, and without lump forma-
tion. Bulk and tap densities are vital for solid dosage manufacturing and development. Bulk and tapped densities
are also significant parameters for exploring the compressibility or Carr’s index, Hausner ratio, and flowability of
pharmaceutical powders. If the value of Carr’s index is greater than 25, it means that the powder has poor flowability,
and if the value is less than 15, it means that the powder has good flowability. The value of the Hausner ratio less than
1.25, indicates that the powder flow is good [32]. The angle of repose is significant for the proposal of dispensation,
storage, and conveying systems for particulate materials [33]. The results (Table 3) showed that the newly formulated
nutraceutical powder passed all flowability tests.

Acute toxicity tests have been used to determine the short-term adverse effects of a drug when administered as
a single dose or multiple doses during short-term exposure [34]. Acute toxicity testing is required for any pharma-
ceutical dosage forms for initial investigation [35]. Our sample did not show any toxic effects at the highest dose
level of 2000 mg/kg of body weight.

Determination of proximate composition is important because it provides an idea of the essential nutritional
composition of any food product [36]. Under proximate analysis, three fundamental macronutrients (total carbohy-
drate, total fat, and total protein) were analyzed. The actual caloric values of any nutritional sample depend on the
amount of these three macronutrients [37]. Interestingly, it was observed that our newly formulated nutraceutical
powder contains a high caloric value (369 kcal). Total moisture, total ash, and total fiber are the other important
parameters under proximate composition. The stability of any food supplement is directly correlated with moisture
content [37]. The ash value predicts the amount of minerals within a food or food sample [38]. Fiber is essential for
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Table 7 Responsible
phytochemicals for
antidiabetic activity of

Name of the plant Used plant part Responsible phytochemical for References
antidiabetic activity

selected plant parts Moringa oleifera Lam Leaf Chlorogenic acid, quercetin [46]
Lablab purpureus (L.) Sweet Seed Trigonelline [47]
Diplazium esculentum L. Frond Kaempferol and quercetin [48]
Musa paradisiaca L. Unripe fruit Epicatechin, 3-O-rhmnosyl-gluco- [49]

side, and quercetin

maintaining a healthy body in our regular diet. Recently, research has shown that high-fiber diets reduce the risk
of multiple diseases, such as cardiovascular disease, type 2 diabetes, certain cancers, constipation, and diarrhea.
They also maintain blood sugar and lipid levels [39]. Our sample contained a less amount of moisture contains
(3.68 £ 0.40%), good amount of ash value (6.08 +0.28%), and dietary fiber (4.18 + 0.34%). Essential minerals are vital
components of food that help the body develop and function. They are necessary for building strong bones and
teeth, controlling body fluids, and converting food into energy [40]. Our formulated nutraceutical powder contained
high amounts of essential minerals (Table 5).

Ascorbic acid (AA) is a ubiquitous water-soluble vitamin present in citrus fruit. It converts cholesterol into bile acids.
Vitamin C is an active source of antioxidants that promotes the development of the immune system. Vitamin C also
helps control high blood pressure, collagen formation, iron absorption, and wound healing. The recommended daily
amount of vitamin C for adults is 90 mg for men and 75 mg for women [41]. Folic acid is also known as vitamin B9. During
pregnancy, folic acid helps to develop the neural tube. It also prevents significant birth problems in the baby’s brain and
spine. The production of red blood cells is another vital function of folic acid. As per the Centers for Disease Control and
Prevention (CDCQ), the daily recommended folic acid level in an adult girl is 400 ug [42]. Vitamin A is important for healthy
vision, boosting the immune system, and developing the reproductive system. Vitamin A also helps improve cardiac
and lung function. Daily vitamin A requirement is 900 pug/day for men and 700 pg/day for women [43]. Vitamin E is one
of the vital lipid-soluble vitamins. It has numerous biological activities, including antioxidant, anticancer, anti-arthritis,
and anti-aging effects. The human body requires a small amount (15 mg/day for both men and women) of vitamin E [44].
Our formulated nutraceutical powder contains a good amount of vitamin C, vitamin A, folic acid, and vitamin E (Table 6).

Phytochemicals are natural compounds in herbal medicines that may help prevent and treat diabetes. They can act
as antihyperglycemic agents and mimic insulin action [45]. Table 7 presents the names of the phytochemicals in the
selected plant samples responsible for antidiabetic activity.

The oral glucose tolerance test (OGTT) determines how well the body can use and store glucose. It is one of the
best tests for screening type 2 diabetes [50]. This experiment showed that the newly formulated nutraceutical powder
responded well in the OGTT test compared to the standard and vehicle control groups (Fig. 1). If the blood sugar level
measured in the test is above a certain level, this could be a sign that sugar is not sufficiently absorbed by the body’s cells.

6 Limitations of the study

In this work, we did not perform a stability study of the formulated nutraceutical powder. In future studies, we will per-
form a stability study.

7 Conclusion

Based on these results, it was concluded that the formulated nutraceutical powder contained a high number of caloric
values and macro-and micronutrients. This nutraceutical powder has significant anti-diabetic activity. This may minimize
various malnourished diseases in children and pregnant women. In future research, a stability study of the product will
be performed.
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