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Bitter gourd flavored Non-Alcoholic i

Wheat Beer (NAWB) exhibited antidiabetic
properties by modulating carbohydrate
metabolizing enzymes and upregulates insulin
and GLUT-2 mRNA expressions in High Fat Diet/
Streptozotocin (HFD/STZ) induced diabetic rats
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Abstract

To improve the control of Type 2 diabetes (T2D), this study investigated the potential benefits of an alcohol-free

beer flavored with bitter gourd leaves, a plant with proven hypoglycemic properties. The high fat/streptozotocin
(HFD/STZ) model was used to induce diabetes in Wistar rats as test subjects. The rats were divided into eight groups
(n=15) as follows: HP (STZ + 100% Hops); BG (STZ + 100% Bitter Gourd); 75:25BG (STZ + 75% Hops; 25%BG); 50:50BG
(STZ + 50%Hops50%Bitter Gourd); 25:75BG (STZ + 25%Hops75%Bitter Gourd); Acarbose (STZ + Acarbose); DC (STZ-
diabetic control group); NC (Normal Control group). Following a 14-day treatment, there was a significant (p <0.05)
reduction in blood sugar, serum glucose, a-amylase activity, a-glucosidase activity, and lipase activity. As the percent-
age of bitter gourd inclusion increased, the expression of GLUT-2 and insulin genes was upregulated. The beer sample
with the lowest percentage inclusion of Hops (25:75BG) had the lowest glycemic index (Gl). The study suggested that
bitter gourd-flavored alcohol-free beer reduces blood glucose through muptiple pathways and could be a useful
dietary intervention in the management of type 2 diabetes.
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Introduction

Globally, beer ranked behind water and coffee as the
third most consumed drink. As industrialization spread,
brewing gradually shifted from being a home-based
activity to an industrial one (Pokrivéak et al. 2019). Hops
are utilized as a bittering and flavoring agent as well as
a preservative, while cereals serve as the sugar source.
For many years, barley malt was thought to be the only
cereal suitable for the production of beer, and hops as
the major bittering/flavoring agent. However, over time,
arious plants and fruits have been used with hops to fla-
vor beer (Adamenko et al. 2020). A growing acceptance
of wheat malt in the brewing industry has resulted from
the search for alternative sources of sugar for beer pro-
duction (Malomo 2015). Additionally, to maximize the
health benefits of beer that have been linked to it, "spe-
cial beers"—including non-alcoholic, low-alcohol, and
craft beers with varying alcohol content per volume

(ABV) levels depending on the laws of each country
where such beer is produced—have been brewed (Salanta
et al. 2020a, 2020b). The need for specialized "non-alco-
holic beers" was brought on by the negative effects of
alcohol consumption, including addiction and health
issues including liver cirrhosis and neurodegeneration
(Mellor et al. 2020). In Nigeria reports by the Nigerian
National Bureau of Statistics (2019) and Uloko et al
(2018) have shown a correlation between the prevalence
of diabetes and the amount spent on alcohol across the
different regions in Nigeria. The South-South region that
spends the highest amount on alcohol also had the high-
est prevalence of diabetes, while the North-West region
that spends the lowest amount on alcohol has the low-
est recorded incidence of diabetes. Although there are
several conflicting reports on the role of alcohol in dia-
betes prevalence, however, there is a link between alco-
hol usage and diabetes. Special beers are growing globally
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due to their alleged health benefits, regulatory issues,
alcohol consumption restrictions in some nations, and
safety (Ignat et al. 2020). Additionally, to enhance the
health advantages of beer, prior studies have looked into
the bittering and flavorful effects of substituting other
plants for hops (Adenuga et al. 2010; Zapata et al. 2019).
There have been reports that herbs like a bitter leaves,
bitter kola, and utazi leaves can be used in place of hops
while making beer (Adenuga et al. 2010). Also, the asso-
ciated difficulties in getting hops (availability and eco-
nomic reasons) in parts of Africa have triggered a search
for alternatives to hops in brewing.

Recent research has demonstrated that beer has health
benefits, including antioxidant and anti-inflammatory
properties (Salanti et al. 2020a) as well as its potential
in managing diabetes (Hernandez-Quiroz et al. 2020). In
sub-Saharan Africa, over 25 million cases of the meta-
bolic illness including diabetes have been reported,
and the disease is expected to affect 500 million peo-
ple globally. By 2045, diabetes is expected to rise by
162.5% (Saeedi et al. 2019). The use of medicinal plants
and their byproducts is still a significant therapeu-
tic approach for treating human ailments (Adamenko
et al. 2020; Adenuga et al. 2010). Herbs have long been
used to treat diabetes. Plants and plant extracts have
been used to treat diabetes since antiquity. Among the
native populations of Asia, South America, India, the
Caribbean, and East Africa, Momordica charantia (M.
charantia), also known as bitter melon, karela, balsam
pear, or bitter gourd, is a well-liked herb for treating
diabetes-related conditions (Cousens 2008; Joseph &
Jini 2013). Because of the fruit’s distinctively bitter fla-
vor, which becomes more intense as it ripens, it is also
known as a bitter melon or a bitter gourd. Numerous
facts and theories explaining the anti-diabetic properties
of M. charantia have been generated through biochemi-
cal and animal model investigations (Singh et al. 2012;
Joseph & Jini 2013) with the phenolic constituents of
bitter gourd such as gallic acid and epicatechin reported
being involved in many pathways leading to a reduction
in elevated blood glucose. The reported efficacy of bit-
ter gourd in glycemic control of diabetes has therefore
necessitated this study to see how bitter leaf could be
used in substituting hops in bittering and flavoring beer
to give a healthy option to diabetics as a drink.

Materials and methods

Sample collection

Hops were acquired from a reputed brewery in Ilesha,
Osun state, Southwest Nigeria, while wheat was procured
from Oja-Oba, Akure, Ondo State. Before use, the hops
were kept at 4 °C. Bitter gourd leaves were sourced within
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Akure Metropolis and certified at the herbarium, CERAD,
FUTA. The leaves were pulverized after being air-dried to
a fixed weight. For later usage, the pulverized leaves were
kept at room temperature in an airtight container.

Chemicals and reagents

Analytical-grade chemicals and reagents were utilized in
all experiments. P-nitrophenyl-D glucopyranoside, dini-
trosalicylic acid color reagent, and streptozocin (STZ)
(Art. No. S)-130 were purchased from Sigma-Aldrich,
Inc. (St Louis, MO, USA). From BDH Chemicals Ltd.
in Poole, Dorset, UK, we obtained the following chemi-
cals: ethanol, acetic acid, sulfuric acid, sodium carbon-
ate, methanol, potassium acetate, perchloric acid, phenol,
and sodium hydroxide. From Matador Pharmaceutical
Ltd., blood glucose test strips for the Fine-test glucom-
eter and Acarbose were purchased (Akure, Ondo State,
Nigeria).

Beer production and characterization

Production of beer

Adenuga et al. (2010)’s methodology was used with minor
adjustments. Wheat grains were soaked in water for 48 h
at 20 °C, with 8-h intervals between water changes. The
malting procedure, which involves germination of the
wheat grains on clean trays covered with polythene nylon
for five days, was followed by a 70° C. hot air kilning.
The rootlets were taken out, the grain was crushed into
a coarse texture, and it was kept at room temperature
in sealed containers until it was needed. Then, 115 g of
crushed malted wheat grains were weighed into a sieve
and infused for 30 min in 5 L of warm water at 60 °C. The
spent grit was removed once the wort came to a boil. The
remainder of the hop pellets and bitter gourd powder
were added to the wort at the 10-min mark of a two-hour
boil. The hop pellets and bitter gourd powder were added
to the wort in the following ratios: 100%, 75:25, 50:50,
and 25:75. The wort was filled to its original volume with
warm water, and it was then cooled at 12 °C. Brewer’s
yeast weighing 5 g was added, and it was allowed to fer-
ment for 14 days. Following the fermentation process, the
alcohol in the fermented beer was extracted using a dis-
tiller operation at 80 °C. The alcohol level was monitored
using an alcohol meter. Finally, beer was bottled and
allowed to age for three months.

Total phenol determination

To evaluate the total phenol content of the beer samples,
50 pL of the samples were mixed with 500 uL of 10%v/v
Folin-Cioalteau reagent and 400 pL of 7.5% sodium
Carbonate (Na,CO,). The reaction mixture was then
incubated at 45C for 40 min, and the absorbance was
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measured at 765 nm. The total phenol content was deter-
mined as the gallic acid equivalent (GAE) using gallic
acid as the standard (Singleton et al. 1999).

Total flavonoid determination

The total flavonoid content of the beer samples was
ascertained using the proposed method of Meda et al.
(2005). The beer sample (500 pL) was diluted with 50 pL
of 10% Aluminum Chloride (AICl;), 50 puL of 1 M potas-
sium acetate (CH;COOK), and 1.4 pL of distilled water.
The reaction mixture was incubated at room tempera-
ture for 30 min and the absorbance was read at 415 nm.
The total flavonoid content was expressed as Quercetin
equivalent (QE) using quercetin as standard.

Experimental design

A few alterations were made to the Oboh and Ogunruku
(2010) methodology for feed composition. From the Ani-
mal House, Department of Biochemistry, Federal Uni-
versity of Technology, Akure, 40 mature male Wistar rats
(150-175 g), 5 weeks old, were acquired and given a two-
week acclimatization period. The rats were housed in ster-
ile plastic cages with a 12-h light/dark cycle under typical
laboratory settings before being fed commercially available
feed pellets and given water for the acclimation period.

Animal care and handling

The ethical committee of the Centre for Research and
Development (CERAD), Federal University of Tech-
nology, Akure authorized the protocol used and han-
dling (Ethical no.: FUTA/ETH/20/25) and handling of
the animals, which follows the guidelines published by
National Institutes of Health (NIH), USA, for the care
of experimental animals. The study was conducted in
the Functional Food, Nutraceuticals, and Phytomedi-
cine Laboratory at the Federal University of Technology
in Akure, Nigeria.

Glycemic index

Five (5) groups of five (5) rats each were established
from the twenty-five (25) male albino adult Wistar rats
that were purchased from the Animal House, Depart-
ment of Biochemistry, Federal University of Technol-
ogy, Akure (FUTA). The rats had unlimited access to
water and were fed commercially available feed pellets.
After two weeks of acclimatization, food was withheld
from them, and allowed to fast overnight before receiv-
ing the beer samples. Rats’ blood glucose levels were
checked using an Accu-Chek Fine test glucometer at
intervals of 0, 30, 60, 90, 120, 150, and 180 min while
the samples were given via oral intubation. The trape-
zoidal formula was then used to calculate the glycemic
response (Dona et al. 2010; Wolever et al. 1991).
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Induction of diabetes with STZ in HFD-fed Wistar rats (type
2 diabetic rat model)

Diabetes was induced using a modified procedure of
Srinivasan and Ramarao (2007). Adult Wistar rats were
given access to commercially available rat pellets (with
a crude protein content of 15%, a crude fat content of
4%, a crude fiber content of 1.1%, and calcium, phos-
phorus, and lysin content of 0.38%) before being given
a high-fat diet. These pellets were obtained from Farm
Support in Akure. Following acclimation, the rats were
divided into two diet groups: the normal control (NC)
and the high-fat diet (HFD). To induce diabetes in the
rats fed with HFD, STZ was injected intraperitoneally
after two weeks of HFD dietary manipulation at a sin-
gle dose of 35 mg/kg body weight. The rats’ blood glu-
cose levels were measured 72 h after induction using
tail vein punctures to collect blood samples and fast-
ing blood glucose levels were determined using an
automatic auto-analyzer (Fine-test Auto-coding TM).
The study utilized rats with fasting blood glucose lev-
els of > 200 mg/dL. Intraperitoneally, the control group
received 1 mL of 0.1molL citrate buffer. Seven groups of
five diabetic rats each were created at random from the
diabetic rats. The various groups were then subjected
to various treatment plans using the beer samples. The
rats were grouped as follows:

Group I: Normal control (citrate buffer pH 4.5; 1 mL/
kg intraperitoneally). —NC.

Group II: Type-2 diabetic control group—DC.
Group III: Type-2 diabetic rats administered 25
mgkg ™! body weight oral dose of Acarbose—Acar-
bose.

Group IV: Type-2 diabetic rats administered
15 ml kg* body weight oral dose of beer samples
flavored with only hops—HP.

Group V: Type-2 diabetic rats administered
15 ml kg™! body weight oral dose of beer samples
flavored with only bitter gourd.—BG.

Group VI: Type-2 diabetic rats administered
15 ml kg™! body weight oral dose of beer sam-
ples flavored with 75% hops and 25% bitter gourd-
75:25BG.

Group VILI: Type-2 diabetic rats administered
15 ml kg™! body weight oral dose of beer samples fla-
vored with 50% hops and 50% bitter gourd — 50:50BG.
Group VIII: Type-2 diabetic rats administered
15 ml kg™! body weight oral dose of beer samples fla-
vored with 25% hops and 75% bitter gourd — 25:75 BG.

The animal were allowed to fast overnight, and on the
15'"day, the animals were sacrificed, and the pancreas tis-
sue was immediately isolated. A small portion was cut
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into Trizol® for the RNA extraction, while the remain-
ing tissue was rinsed with cold saline solution before
homogenized with phosphate buffer (0.1 M pH 7.4) and
centrifuged at 5,000 g for 10 min to collect the superna-
tant used for the determination of biochemical assays.
Cardiac blood was collected into the plain bottle and
was prepared into serum, which was used for the insulin
determination using Calbiotech® ELISA kit.

Determination of blood glucose level

A Fine-test Auto-coding TM glucometer was used to
measure the blood glucose levels using the glucose oxi-
dase—peroxidase method. Throughout the 14-day treat-
ment period, fasting blood glucose levels were checked
every three days. After two weeks of treatment, the
serum glucose level was assessed using a Randox test kit.

Determination of homeostatic model assessment

for insulin resistance (HOMA-IR) levels

Fasting Insulin levels were determined wusing a
Calbiotech®ELISA kit. HOMA-IR levels were calculated
using the formula:

Fasting blood sugar (mg/ dL) * Fasting Insulin
405

Determination of a-amylase activity

The method outlined by Worthington Biochemical Cor-
poration (1993) was slightly modified to measure the
pancreatic a-amylase activity. Saline phosphate buffer
and 50 pL of pancreatic homogenate were incubated at
25 °C for 10 min. To the reaction mixture, 50 puL of 1%
starch was then added, and it was incubated at 25 °C for
an additional 10 min. The reaction was halted using a
200puL solution of dinitrosalicylic acid (DNSA), and the
mixture was then heated in a water bath for 5 min to
100 °C. After cooling to room temperature and further
diluting the reaction mixture with 2 ml of distilled water,
the absorbance at 540 nm was measured.

Determination of a-glucosidase activity

Briefly, 430 uL of phosphate buffer, 15 puL of GSH, and 15
pL of supernatant (intestine homogenate) were pipetted
into test tubes. A 40 L solution of p-nitrophenyl-D-glu-
copyranoside was then added after the mixture had been
incubated at 37 °C for 10 min. 2 mL of Na,CO; was added
to the solutions after another 20 min of incubation at 37 °C.
Absorbance was read at 400 nm (Apostolidis et al. 2007).

Determination of lipase activity
Using the Lucia et al. (2006) methodology, the activity
of pancreatic lipase was assessed in a reaction mixture
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containing 1 mL of a substrate, 0.5 mL of phosphate
buffer, and 100 pL of tissue that had been diluted to 3 mL
with distilled water. 200 pL of isopropanol was added
after 5 min of incubation at 40 °C, and the absorbance
was measured at 410 nm. The substrate contained 19 mL
of solution B and 1 mL of solution A (40 mg of p-nitro-
phenyl palmitate in 12 mL isopropanol) (0.1 g of gum
Arabic and 0.4 mL of Triton X).

RNA extraction and reverse transcription-quantitative
polymerase chain reaction (RT-qPCR)

Total RNA was extracted from the pancreas of the rats in
each group using Trizol®. RNA in the samples was meas-
ured using Nanodrop2000TM, visualized with 1.5% aga-
rose gel, and treated with DNase L. (Invitrogen). 1 g of
c¢DNA was created using the iScriptTM c¢DNA Synthe-
sis kit. For all expression levels, two reference genes—-
-Insulin and GLUT-2—were used as the benchmark. It
took 40 thermal cycles of 15 s at 94 °C, 10 s at 60 °C, and
30 s at 72 °C to complete the reactions, which were car-
ried out in a final volume of 20:1 with 2.5 ng/L of cDNA,
1XxPCR buffer, 0.2 M of each primer, 0.2 mM dNTP, 2 mM
MgCl,, 0.1 x SYBR® Green, and 0.25 U platinum Taq DNA
(Olagoke et al. 2021). Using a single cycle of 94° C for 10 s,
55° C for 1 min, and 94° C for 15 s, dissociation curves were
obtained to validate the amplification of a single unique
product for each reaction. Utilizing SYBR fluorescence, the
design and analysis tool StepOne" was used. The reactions
were carried out in triplicate in three to six different exper-
iments. The values of gene expression were determined
using the 2CT approach (Livak & Schmittgen 2001).

Data analysis

The aggregate data from studies done in triplicate were
expressed as mean and standard deviation. Using IBM
SPSS Statistics for Windows, version 20 (IBM Corp.,
Armonk, N.Y,, USA), means were compared using one-
way analysis of variance, followed by Duncan’s multiple
range testing and least significant differences. Results
were accepted at p <0.05 (Yalta 2008).

Results and discussion

In a diabetic condition, the body’s capacity to use or
retain glucose declines after the consumption of carbs,
and the liver produces more glucose during the time
between meals, which leads to hyperglycemia (Sza-
blewski 2011). Hyperglycemia is brought on by either a
decrease in insulin synthesis, a decrease in insulin action,
or a combination of the two disorders (Czech 2017). One
major way of managing hyperglycemia is through dietary
intervention. This study focuses on how produced beer
could be exploited as a dietary intervention for managing
hyperglycemia.
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Fig. 1 Effect of Non-alcoholic Wheat Beer Flavored with Bitter Gourd on Fasting Blood Sugar Level of Type 2 Diabetic rats. HP (STZ + 100%Hops); BG
(STZ +100% Bitter gourd); 75:25BG (STZ + 75%Hops25%Bitter Gourd); 50:50BG (STZ + 50%Hops50%Bitter Gourd); 25:75BG (STZ + 25%Hops75%Bitter
Gourd); Acarbose (STZ+ Acarbose); DC (STZ-diabetic control group); NC (Normal Control group)
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Fig. 2 Effect of Non-alcoholic Wheat Beer Flavored with Bitter Gourd Flavored on Blood Glucose Levels of Type 2 Diabetic rats. HP
(STZ+100%Hops); BG (STZ+ 100% Bitter gourd); 75:25BG (STZ + 75%Hops25%Bitter Gourd); 50:50BG (STZ + 50%Hops50%Bitter Gourd); 25:75BG
(STZ+ 25%Hops75%Bitter Gourd); Acarbose (STZ + Acarbose); DC (STZ-diabetic control group); NC (Normal Control group)

Streptozotocin (STZ) impairs insulin secretion by
triggering necrosis and destroying the B-cells of the
pancreas resulting in a similar situation seen in Type-1
diabetes. However, low doses of STZ mildly impair
insulin secretion by triggering apoptosis rather than
necrosis in the affected B-cells, allowing for the regen-
eration of impaired pancreatic -cells; a condition simi-
lar to Type-2 diabetes mellitus (T2DM). However, the
mild impairment of insulin secretion does not address

the insulin resistance associated with T2DM; various
research however has revealed that rats fed with a HFD
become insulin resistant, therefore, creating an HFD/
STZ model that causes a mild impairment of insulin
secretion as well as insulin resistance closely mimic a
T2DM condition (Nath et al. 2017; Sahin et al. 2007;
Srinivasan et al. 2005). Figure 1 shows the various
groups of the experimental animals having>200 mg/
dl fasting blood glucose except for the normal control
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Table 1 The glycemic index of bitter gourd flavored beer

samples

Sample Glycemic
Index
(GI)

HP e

BG 62

75:25 BG 51

50:50 BG 47

25:75 BG 37

Abbreviations: HP Hops alone, BG Bitter Gourd alone, 75:25BG, Hops Bitter Gourd
(75:25%), 50:50BG, Hops Bitter Gourd (50:50%), 25:75BG, Hops Bitter Gourd
(25:75%)

group that wasn’t induced. Over the 14-day treatment
period, the fasting blood glucose level of the treated
animals reduced, except for the diabetic control. After
the 14-day treatment the serum glucose levels were
analyzed using a Randox glucose kit, the result is pre-
sented in Fig. 2. All the treated groups were signifi-
cantly different from the diabetic control group. The
groups treated with beer samples of varied inclusion
of bitter gourd had lesser serum glucose when com-
pared with the other treated groups. More importantly,
25:75BG had the lowest glucose level though it is not
significantly different from the other groups.

In managing T2DM, one of the proposed means is by
promoting the consumption of food/food products with
a low glycemic index (GI) (Oboh et al. 2021). Table 1
shows the GI of the beer samples. GI is a measure of post-
prandial blood glucose response. The outcome of various
research has shown a close-knit relationship between
GI and diabetes management (Akerele et al. 2021; Bell
et al. 2015; Eleazu 2016). Food products that have been
labeled to have high GI tend to raise postprandial blood
glucose faster and higher than those labeled to have low
GL. Food/food products with GI 55 and below are classi-
fied as having low GI, and these products tend to make
the consumer have a feeling of being full for a longer
period than when foods with a high GI are consumed.
Food with GI of 5670 is classified as food with medium
GI while food with 70 and above is classified as having
high GI (Foster-Powell et al. 2002). The beer samples
had GIs ranging from 37—62. The beer sample with the
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highest inclusion of bitter gourd:hops (25:75BG) had the
lowest GI of 37 while the beer sample with only Bitter
Gourd (BG) had the highest GI (62). This observation
might be due to the phenolic (phenol and flavonoid)
content of the beer samples, which showed that higher
percentage inclusion of bitter gourd in the beer samples
in ratio to hops had higher phenolic and flavonoid con-
tent. The total phenol and flavonoid contents presented
in Table 2 shows that the beer sample with 25% Hops
and 75% bitter gourd had the highest phenolic contents.
There might be a reaction between the phenolic contents
of hops and bitter gourd that could have brought about
the increase in the flavonoid and phenolic content as the
percentage of bitter gourd included is increased. This
is in contrast to earlier findings of Akerele et al. (2022)
which showed that the higher the inclusion of bitter leaf
in ratio to hops in the beer samples, the higher the GI.
However, the higher the percentage inclusion of bitter
gourd in ratio to hops in the beer samples in this study,
the lower the GL.

In managing T2DM, various mechanisms have been
proposed by various researchers. One such is the inhi-
bition of carbohydrate metabolizing enzyme (a-amylase
and a-glucosidase) activities. o-amylase hydrolyses
starch polymers into small-chain dextrins by acting on
the a-1,4 glycosidic bonds in the starch molecule, while
a-glucosidase breaks down disaccharides into glucose.
The inhibition of these enzymes thus reduces a rise in
postprandial blood glucose (Kazeem et al. 2013; Teng
& Chen 2017). The inhibition of these enzymes has
been linked by different reports with the (poly) phenols
present in plants (AL-Ishaq et al. 2019). The result pre-
sented in Fig. 3 showed that the treated samples had a
lower enzyme activity when compared to the diabetic
control. The samples with differing ratios of Hops:Bitter
Gourd however had a higher inhibition on «-amylase
activity when compared to the other treated groups.
Furthermore, in Fig. 4, the effect of the beer samples on
a-glucosidase activity in diabetic rats also showed that
the beer samples with various percentage inclusions
of Hops:Bitter gourd also had a higher inhibitory effect
on a-glucosidase activity. The inhibitory effect of the
beer samples on a-amylase and a-glucosidase activity
might likely be due to the phenolic constituents of both

Table 2 Total Flavonoid (mg QE/mL) and Total Phenol (mg GAE/mL) Contents of Bitter Gourd Flavored Non-alcoholic Wheat Beer

Sample HP BG 75:25BG 50:50BG 25:75BG
Total Flavonoid 1.55+0.02° 1.71+001°2 140+0.01° 1.65+0.01° 1.90+0.01°
Total Phenol 14.07 £0.03? 12.00+0.06 15.7140.03° 17.00+0.03° 17.27+0.03°

Results are expressed as mean + standard deviations (SD) of three determinations. Averages followed by different letters on the same row differ by Tukey test at

p<0.05

HP-100% Hops; BG-100% Bitter gourd; 75:25 BG- 75% Hops:25% Bitter gourd; 50:50BG-50% Hops:50% Bitter gourd; 25:75BG- 25%Hops:75%Bitter gourd
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Fig. 3 Pancreatic a-amylase Activity of Type 2 Diabetic Rats Treated with Non-Alcoholic Wheat Beer Flavored with Bitter Gourd. HP
(STZ+ 100%Hops); BG (STZ + 100% Bitter gourd); 75:25BG (STZ + 75%Hops25%Bitter Gourd); 50:50BG (STZ + 50%Hops50%Bitter Gourd); 25:75BG
(STZ +25%Hops75%Bitter Gourd); Acarbose (STZ + Acarbose); DC (STZ-diabetic control group); NC (Normal Control group)
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Fig. 4 Intestinal a-glucosidase Activity of Type 2 Diabetic Rats Treated with Bitter Gourd Flavored Non-Alcoholic Wheat Beer. HP
(STZ+100%Hops); BG (STZ+ 100% Bitter gourd); 75:25BG (STZ + 75%Hops25%Bitter Gourd); 50:50BG (STZ + 50%Hops50%Bitter Gourd); 25:75BG
(STZ +25%Hops75%Bitter Gourd); Acarbose (STZ + Acarbose); DC (STZ-diabetic control group); NC (Normal Control group)

the hops and bitter gourd leaves. This is in agreement Inhibition of lipase activity has also been proposed
with several past studies (AL-Ishaq et al. 2019; Kazeem as another mechanism through which T2DM can be
et al. 2013) that have linked the inhibition of these starch  managed or controlled. Lipase catalyzes the break-
hydrolyzing enzymes with the phenolic constituents of down of triacylglycerols (TAGs) into glycerol and fatty
plants. This shows that there is a relationship between acids. Increased plasma fatty acids however have been
carbohydrate metabolizing enzymes and GI. linked with insulin resistance, therefore inhibition of
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Table 3 Fasting blood sugar, Fasting Insulin and HOMA-IR levels
of STZ-induced diabetic rats treated with bitter gourd flavored
Non-alcoholic Wheat Beer

Group FBS (mg/dL) Fl (uU/ml) HOMA-IR
NC 81.00+7.62 11.85+1.74 2.37+0.07
DC 37274+11.53 9.31+098 8.55+1.60
Acarbose 103.50+0.71 8.62+0.44 220+0.10
HP 102.67 +8.74 10.62+0.87 2694031
BG 87.33+777 9.15+0.65 1.97+0.25
75:25BG 103.67+9.19 9.85+1.52 252+0.17
50:50BG 93.00+2.89 9.62+0.76 221021
25:75BG 81.67 +2.89 10.89+1.96 220+0.24

Results are expressed as mean + standard deviations (n=5)

HP (STZ 4+ 100%Hops); BG (STZ + 100% Bitter gourd); 75:25BG

(STZ + 75%Hops25%Bitter Gourd); 50:50BG (STZ + 50%Hops50%Bitter Gourd);
25:75BG (STZ + 25%Hops75%Bitter Gourd); Acarbose (STZ + Acarbose); DC (STZ-
diabetic control group); NC (Normal Control group)

FBS Fasting Blood Sugar, F/ Fasting Insulin, HOMA-IR Homeostatic Model
Assessment for Insulin Resistance

lipase activity thus helps in curbing insulin resistance
(Dostalek et al. 2017; Park et al. 2020). Figure 5 shows
the effect of the various beer samples on lipase activ-
ity. The treated samples all inhibited lipase activity with
BG, 50:50BG, and 25:75BG having the highest inhibi-
tory effect on lipase activity. The highest percentage
inclusion of BG together with hops however seems to
have a higher inhibitory effect on lipase activity. This
also corresponds to the result of the GI, a-glucosidase,
and plasma glucose levels. The inhibition of lipase is

Groups

Fig.5 Lipase Activity of Type 2 Diabetic Rats Treated with Bitter Gourd Flavored Non-Alcoholic Wheat Beer. HP (STZ + 100%Hops); BG (STZ + 100%
Bitter gourd); 75:25BG (STZ + 75%Hops25%Bitter Gourd); 50:50BG (STZ + 50%Hops50%Bitter Gourd); 25:75BG (STZ + 25%Hops75%Bitter Gourd);
Acarbose (STZ+ Acarbose); DC (STZ-diabetic control group); NC (Normal Control group)

in tandem with the report of Rahim et al. (2015) that
showed that polyphenols, most especially flavonoids
possessed strong lipase inhibitory ability. The inhibi-
tion of lipase activity corresponds to the phenolic and
flavonoid content of the beer samples (Table 2).

HOMA-IR was designed as an indirect measure of
insulin resistance which marks an early stage of T2DM.
It is derived from fasting glucose and fasting insulin lev-
els. It tells how much insulin is needed to keep blood
sugar levels in check. Although different studies have
reported different ranges for HOMA-IR, however, there
is a consensus that the higher the HOMA-IR levels, the
more insulin resistance (Matthews et al. 1985; Gutch
et al. 2015; Sinaiko & Caprio 2012). Table 3 shows the DC
group having the highest HOMA-IR levels. The HOMA-
IR levels decreased as the bitter gourd in ratio to hops is
being increased although not significantly different. The
levels of HOMA-IR might also be responsible for the
upregulation of the insulin gene as the HOMA-IR levels
correspond to the expression of insulin in rats treated
with the beer samples.

The effect of the beer samples on diabetic rats was
further explored at the molecular level. The glucose
transporter GLUT-2 plays a critical role in the glucose-
stimulated insulin generation from pancreatic beta-cells
and the glucose metabolism in hepatocytes. In pan-
creatic beta-cells, GLUT-2 serves as a glucose sensor,
detecting even little fluctuations in blood sugar levels
and increasing the release of insulin (Ogilvy-Stuart &
Beardsall 2020). This study demonstrates a relationship
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Fig. 6 Relative mRNA expression of GLUT-2 in the pancreas of type 2 diabetic rats treated with bitter gourd flavored non-alcoholic wheat beer. HP
(STZ+ 100%Hops); BG (STZ + 100% Bitter gourd); 75:25BG (STZ + 75%Hops25%Bitter Gourd); 50:50BG (STZ + 50%Hops50%Bitter Gourd); 25:75BG
(STZ +25%Hops75%Bitter Gourd); Acarbose (STZ + Acarbose); DC (STZ-diabetic control group); NC (Normal Control group)
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Fig. 7 Relative mRNA expression of Insulin in the pancreas of type 2 diabetic rats treated with bitter gourd flavored non-alcoholic wheat beer. HP
(STZ+100%Hops); BG (STZ+ 100% Bitter gourd); 75:25BG (STZ + 75%Hops25%Bitter Gourd); 50:50BG (STZ + 50%Hops50%Bitter Gourd); 25:75BG
(STZ+ 25%Hops75%Bitter Gourd); Acarbose (STZ + Acarbose); DC (STZ-diabetic control group); NC (Normal Control group)

between insulin and GLUT-2 mRNA expressions. GLUT-2 expression. Though not significantly different,
The group treated with BG had the highest expres- the insulin expression was upregulated as the percent-
sion of GLUT-2 as presented in Fig. 6 as well as insu- age inclusion of BG increased, this also corresponds
lin as shown in Fig. 7, significantly different from the to what is obtainable in the GLUT-2 expression. This
DC and NC. The insulin expression corresponds to the is in line with various research that has shown a link
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between GLUT-2 expression and Insulin expression
(Al-Shagha et al. 2015; Sharawy et al. 2016). Further-
more, the upregulation of GLUT-2 and insulin might
be due to the phenolic content of the beer samples.
Quercetin a known phenolic constituent of bitter gourd
(Saliu et al. 2019) has been reported to reduce glucose
absorption by GLUT-2 and inhibit insulin-dependent
activation of phosphoinositide 3-kinases (PI3K), thus
making room for upregulation in the expression of insu-
lin. Quercetin also has a regulatory effect on the nuclear
factor kappa-light-chain-enhancer of activated B-cells
(NF-kB) which helps in improving glucose-stimulated
insulin secretion (AL-Ishaq et al. 2019).

Conclusion

The results of this research have shown that alcohol-free-
BG-flavored beer having better effects on all proposed
mechanisms in T2DM management when compared
to that flavored with hops only. The effect of the bitter
gourd/hops flavored beer on all the proposed mecha-
nisms in managing T2DM, therefore, makes it a promis-
ing drink that not only helps satiates the thirst for beer
in diabetics but as well helps in lowering blood glucose.
Further trials on diabetic patients could however be car-
ried out in a bid to ascertain the effect of this drink dur-
ing clinical trials.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/543014-023-00161-0.

[ Additional file 1. }

Acknowledgements
The entire crew at the Functional Food and Nutraceuticals Unit of Department
of Biochemistry is hereby acknowledged.

Authors’ contributions

G. P Akerele - Beer production, Methodology, data curation and analysis,
write-up. B.C. Adedayo — Result analysis and supervision. Prof. G. Oboh —
Experimental research design. O.B. Ogunsuyi - Methodology and PCR analysis.
1.S Oyeleye- Data curation, Editing and Methodology. The author(s) read and
approved the final manuscript.

Funding
There was no funding received for this research.

Availability of data and materials
The datasets during and/or analyzed during the current study are available
from the corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate

The ethical committee of the Centre for Research and Development (CERAD)
of the Federal University of Technology, Akure authorized the protocol

used for the animal study, and it was issued the certificate number FUTA/
ETH/20/25.The National Institutes of Health (NIH), USA, published recommen-
dations for the care of experimental animals, were followed.

Page 11 of 12

Consent for publication
Not applicable.

Competing interests
We declare that there are no competing interests either financial or non-
financial for this research.

Author details

'Functional Food and Nutraceuticals Unit, Department of Biochemistry, Fed-
eral University of Technology, PM.B. 704, AkureAkure 340001, Nigeria. 2Depart-
ment of Biomedical Technology, Federal University of Technology, PM.P. 704,
AkureAkure 340001, Nigeria.

Received: 18 January 2023 Accepted: 18 April 2023
Published online: 01 November 2023

References

Adamenko, K., Kawa-Rygielska, J,, & Kucharska, A. Z. (2020). Characteristics of
Cornelian cherry sour non-alcoholic beers brewed with the special yeast
Saccharomycodes ludwigii. Food Chemistry, 312, 125968.

Adenuga, W, Olaleye, O. N., & Adepoju, P. A. (2010). Utilization of bitter vegeta-
ble leaves (Gongronema latifolium, Vernonia amygdalina) and Garcinia
kola extracts as substitutes for hops in sorghum beer production. African
Journal of Biotechnology, 9(51), 8819-8823.

Akerele, G. P, Adedayo, B. C, Oboh, G, Ademosun, A. O, & Oyeleye, S. I. (2022).
Glycemic indices and effect of bitter leaf (Vernonia amygdalina) flavored
non-alcoholic wheat beer (NAWB) on key carbohydrate metabolizing
enzymes in high fat diet fed (HFD)/STZ-induced diabetic Wistar rats.
Journal of Food Biochemistry, 46(12), e14511.

Akerele, G. P, Oyeleye, S. |, Busari, M. G, & Oboh, G. (2021). Glycemic indices,
possible antidiabetic potentials and phenolic contents of some indig-
enous Green Leafy Vegetables (GLVs): doi. org/10.26538/tjnpr/v5i3. 30.
Tropical Journal of Natural Product Research (TINPR), 5(3), 597-602.

Al-Ishag, RK, Abotaleb, M., Kubatka P, Kajo K. and Busselberg, D. (2019). Flavo-
noids and their anti-diabetic effects: cellular mechanisms and effects to
improve blood sugar levels. Biomolecules, 9, 430. https://doi.org/10.3390/
biom9090430

Al-Shagha, W. M., Khan, M, Salam, N., Azzi, A, & Chaudhary, A. A. (2015). Anti-
diabetic potential of Catharanthus roseus Linn. and its effect on the
glucose transport gene (GLUT-2 and GLUT-4) in streptozotocin induced
diabetic wistar rats. BMC Complementary and Alternative Medicine, 15(1), 1-8.

Apostolidis, E.,, Kwon, Y. I, & Shetty, K. (2007). Inhibitory potential of herb, fruit,
and fungal-enriched cheese against key enzymes linked to type 2 dia-
betes and hypertension. Innovative Food Science & Emerging Technologies,
8(1), 46-54.

Bell, K. J,, Smart, C. E,, Steil, G. M., Brand-Miller, J. C, King, B,, & Wolpert, H.

A. (2015). Impact of fat, protein, and glycemic index on postprandial
glucose control in type 1 diabetes: Implications for intensive diabetes
management in the continuous glucose monitoring era. Diabetes Care,
38(6), 1008-1015.

Cousens, G. (2008). There is a cure for diabetes: The tree of life 21 day program (pp.
191-192). North Atlantic Books.

Czech, M. P.(2017). Insulin action and resistance in obesity and type 2 diabe-
tes. Nature Medicine, 23(7), 804-814.

Dona, A. C, Pages, G, Gilbert, R. G., & Kuchel, P W. (2010). Digestion of starch:
In vivo and in vitro kinetic models used to characterise oligosaccharide or
glucose release. Carbohydrate Polymers, 80(3), 599-617.

Dostalek, P, Karabin, M., & Jelinek, L. (2017). Hop phytochemicals and their
potential role in metabolic syndrome prevention and therapy. Molecules,
22(10), 1761.

Eleazu, C. O. (2016). The concept of low glycemic index and glycemic load
foods as panacea for type 2 diabetes mellitus; prospects, challenges and
solutions. African Health Sciences, 16(2), 468-479.

Foster-Powell, K., Holt, S. H., & Brand-Miller, J. C. (2002). International table
of glycemic index and glycemic load values: 2002. American Journal of
Clinical Nutrition, 76(1), 5-56. https://doi.org/10.1093/ajcn/76.1.5. PMID:
12081815.


https://doi.org/10.1186/s43014-023-00161-0
https://doi.org/10.1186/s43014-023-00161-0
https://doi.org/10.3390/biom9090430
https://doi.org/10.3390/biom9090430
https://doi.org/10.1093/ajcn/76.1.5

Akerele et al. Food Production, Processing and Nutrition (2023) 5:46

Gutch, M., Kumar, S, Razi, S. M., Gupta, K. K, & Gupta, A. (2015). Assessment of
insulin sensitivity/resistance. Indian Journal of Endocrinology and Metabo-
lism, 19(1), 160-4. https://doi.org/10.4103/2230-8210.146874

Herndndez-Quiroz, F, Nirmalkar, K., Villalobos-Flores, L. E., Murugesan, S., Cruz-
Narvdez, Y, Rico-Arzate, E., & Garcia-Mena, J. (2020). Influence of moderate
beer consumption on human gut microbiota and its impact on fasting
glucose and B-cell function. Alcohol, 85, 77-94.

Ignat, M.V, Salantg, L. C, Pop, O. L., Pop, C. R, Tofana, M., Mudura, E., & Pas-
qualone, A. (2020). Current functionality and potential improvements of
non-alcoholic fermented cereal beverages. Foods, 9(8), 1031.

Joseph, B, & Jini, D. (2013). Antidiabetic effects of Momordica charantia (bitter
melon) and its medicinal potency. Asian Pacific Journal of Tropical Disease.,
3(2),93-102. https://doi.org/10.1016/52222-1808(13)60052-3.PMCID:
PMC4027280

Kazeem, M. I, Raimi, O. G,, Balogun, R. M., & Ogundajo, A. L. (2013). Compara-
tive study on the a-amylase and a-glucosidase inhibitory potential of
different extracts of Blighia sapida Koenig. American Journal of Research
Communication, 1(7), 178-192.

Livak, K. J, & Schmittgen, T. D. (2001). Analysis of relative gene expression data
using real-time quantitative PCR and the 2(-Delta Delta C(T))Method.
Methods (San Diego, Calif), 25(4), 402-408.

Lucia, M. P, Cintia, M. R, Mario, D. B., & Guillermo, R. C. (2006). Catalytic
properties of lipase extracts from Aspergillus niger. Food Technology and
Biotechnology, 44, 247-252.

Malomo, O. (2015). The Nigeria beer story. International Journal of Current
Microbiology and Applied Sciences, 4, 1037-1052.

Matthews, D. R, Hosker, J. P, Rudenski, A. S., Naylor, B. A, Treacher, D. F, &
Turner, R. C. (1985). Homeostasis model assessment: Insulin resistance
and beta-cell function from fasting plasma glucose and insulin concen-
trations in man. Diabetologia, 28(7), 412-419. https://doi.org/10.1007/
BF00280883

Meda, A, Lamien, C. E,, Romito, M., Millogo, J., & Nacoulma, O. G. (2005). Deter-
mination of the total phenolic, flavonoid and proline contents in Burkina
Faso honey, as well as their radical scavenging activity. Food Chemistry.,
91,571-577.

Mellor, D. D., Hanna-Khalil, B, & Carson, R. (2020). A review of the potential
health benefits of low alcohol and alcohol-free beer: Effects of ingredi-
ents and craft brewing processes on potentially bioactive metabolites.
Beverages, 6(2), 25.

Nath, S, Ghosh, S. K., & Choudhury, Y. (2017). A murine model of type 2 diabe-
tes mellitus developed using a combination of high fat diet and multiple
low doses of streptozotocin treatment mimics the metabolic characteris-
tics of type 2 diabetes mellitus in humans. Journal of Pharmacological and
Toxicological Methods, 84, 20-30.

National Bureau of Staistics (2019). Amount Spent on Alcohol Consumption
in Nigeria. https://www.premiumtimesng.com/health/health-features/
334887-south-south-leads-nigerias-huge-alcohol-consumption-nbs-
data. Accessed on 13 Mar 2023.

Oboh G, Akerele, G. P, Adedayo, B. C,, & Ademiluyi, A. O. (2021). Comparative
studies of the effects of five indigenous Cowpea (Vigna unguiculata)
varieties on enzymes linked to type 2 diabetes and their glycemic
indices: doi. org/10.26538/tjnpr/v5i5.28. Tropical Journal of Natural Product
Research (TINPR), 5(5), 970-976.

Oboh, G, & Ogunruku, O. O. (2010). Cyclophosphamide-induced oxidative
stress in brain: protective effect of hot short pepper (Capsicum frutescens
L. var. abbreviatum). Experimental and Toxicologic Pathology, 62(3),
227-233.

Ogilvy-Stuart, A. L., & Beardsall, K. (2020). Pathophysiology and management
of disorders of carbohydrate metabolism and neonatal diabetes. In
Maternal-fetal and neonatal endocrinology (pp. 783-803). Academic Press.

Olagoke, O. C,, Afolabi, B. A, & Rocha, J. B.T. (2021). streptozotocin induces
brain glucose metabolic changes and alters glucose transporter expres-
sion in the Lobster cockroach; Nauphoeta cinera (Blattodea: Blaberidae).
Molecular and Cellular Biochemistry, 476, 1109-1121.

Park, J. H., Seo, I, Shim, H. M., & Cho, H. (2020). Melatonin ameliorates SGLT2
inhibitor-induced diabetic ketoacidosis by inhibiting lipolysis and hepatic
ketogenesis in type 2 diabetic mice. Journal of Pineal Research, 68(2),
e12623.

Pokrivedk, J, Supekovd, S. C, Lancari¢, D, Savov, R, Téth, M, & Vasina, R. (2019).
Development of beer industry and craft beer expansion. Journal of Food &
Nutrition Research, 58(1).

Page 12 of 12

Rahim, A.T. M. A, Takahashi, Y., & Yamaki, K. (2015). Mode of pancreatic lipase
inhibition activity in vitro by some flavonoids and non-flavonoid poly-
phenols. Food Research International, 75, 289-294.

Saeedi, P, Petersohn, |, Salpea, P, Malanda, B, Karuranga, S., Unwin, N., & Wil-
liams, R. 1. D. F. (2019). IDF Diabetes Atlas Committee Global and regional
diabetes prevalence estimates for 2019 and projections for 2030 and
2045: Results from the International Diabetes Federation Diabetes Atlas.
Diabetes Research and Clinical Practice, 157(107843), 10-1016.

Sahin, K, Onderci, M., Tuzcu, M,, Ustundag, B, Cikim, G,, Ozercan, IH., &
Komorowski, J. R. (2007). Effect of chromium on carbohydrate and
lipid metabolism in a rat model of type 2 diabetes mellitus: the fat-fed,
streptozotocin-treated rat. Metabolism, 56(9), 1233-1240.

Salantd, L. C, Coldea, T. E., Ignat, M.V, Pop, C. R, Tofand, M., Mudura, E.,, & Zhao,
H. (2020). Non-alcoholic and craft beer production and challenges.
Processes, 8(11), 1382.

Salanta, L. C, Coldea, T. E., Ignat, M.V, Pop, C. R, Tofand, M., Mudura, E.,, & Zhao,
H. (2020). Functionality of special beer processes and potential health
benefits. Processes, 8(12), 1613.

Saliu, J. A, Oyeleye, S.1, Olasehinde, T. A, & Oboh, G. (2019). Modulatory effects
of stonebreaker (Phyllanthus amarus) and bitter gourd (Momordica
charantia) on enzymes linked with cardiac function in heart tissue of
doxorubicin-stressed rats. Drug and Chemical Toxicology. https://doi.org/
10.1080/01480545.2019.1700271

Sharawy, M. H., El-Awady, M. S., Megahed, N., & Gameil, N. M. (2016). Attenua-
tion of insulin resistance in rats by agmatine: Role of SREBP-1¢, mTOR and
GLUT-2. Naunyn-Schmiedeberg’s Archives of Pharmacology, 389(1), 45-56.

Sinaiko, A. R, & Caprio, S. (2012). Insulin resistance. Journal of Pediatrics, 161(1),
11-15. https://doi.org/10.1016/j.jpeds.2012.01.012

Singh, U, Singh, S., & Kochhar, A. (2012). Therapeutic potential of antidiabetic
neutraceuticals. Phytopharmacol, 2(1), 144-169.

Singleton, V. L., Orthofer, R, & Lamuela-Raventds, R. M. (1999). [14] Analysis of
total phenols and other oxidation substrates and antioxidants by means
of folin-ciocalteu reagent. Methods in enzymology (Vol. 299, pp. 152-178).
Academic press.

Srinivasan, K, & Ramarao, P. (2007). Animal model in type 2 diabetes research:
An overview. Indian Journal of Medical Research, 125(3), 451.

Srinivasan, K, Viswanad, B., Asrat, L., Kaul, C. L, & Ramarao, P. (2005). Combi-
nation of high-fat diet-fed and low-dose streptozotocin-treated rat: A
model for type 2 diabetes and pharmacological screening. Pharmacologi-
cal Research, 52(4), 313-320.

Szablewski, L. (2011). Glucose homeostasis—-mechanism and defects. Diabetes-
Damages and Treatments, 2.

Teng, H., & Chen, L. (2017). a-Glucosidase and a-amylase inhibitors from seed
oil: A review of liposoluble substance to treat diabetes. Critical Reviews in
Food Science and Nutrition, 57(16), 3438-3448.

Uloko, A. E, Musa, B. M., Ramalan, M. A, Gezawa, |. D., Puepet, F. H., Uloko, A. T,
Borodo, M. M., & Sada, K. B. (2018). Prevalence and risk factors for diabetes
mellitus in Nigeria: a systematic review and meta-analysis. Diabetes
Therapy, 9(3), 1307-1316. https://doi.org/10.1007/513300-018-0441-1

Wolever, T. M., Jenkins, D. J,, Jenkins, A. L., & Josse, R. G. (1991). The glycemic
index: Methodology and clinical implications. The American Journal of
Clinical Nutrition, 54(5), 846-854.

Worthington Biochemical Corporation. (1993). Worthington, enzyme and
related biochemicals. XIIl World Congress of Cardiology, Freehold, NJ.
Monduzzi Editore Sp. Ap. 421-425.

Yalta, A.T. (2008). The accuracy of statistical distributions in Microsoft® Excel
2007. Computational Statistics & Data Analysis, 52(10), 4579-4586.

Zapata, P.J, Martinez-Espld, A., Gironés-Vilaplana, A, Santos-Lax, D., Noguera-
Artiaga, L, & Carbonell-Barrachina, A. A. (2019). Phenolic, volatile, and
sensory profiles of beer enriched by macerating quince fruits. LWT, 103,
139-146.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.4103/2230-8210.146874
https://doi.org/10.1016/S2222-1808(13)60052-3.PMCID:PMC4027280
https://doi.org/10.1016/S2222-1808(13)60052-3.PMCID:PMC4027280
https://doi.org/10.1007/BF00280883
https://doi.org/10.1007/BF00280883
https://www.premiumtimesng.com/health/health-features/334887-south-south-leads-nigerias-huge-alcohol-consumption-nbs-data
https://www.premiumtimesng.com/health/health-features/334887-south-south-leads-nigerias-huge-alcohol-consumption-nbs-data
https://www.premiumtimesng.com/health/health-features/334887-south-south-leads-nigerias-huge-alcohol-consumption-nbs-data
https://doi.org/10.1080/01480545.2019.1700271
https://doi.org/10.1080/01480545.2019.1700271
https://doi.org/10.1016/j.jpeds.2012.01.012
https://doi.org/10.1007/s13300-018-0441-1

	Bitter gourd flavored Non-Alcoholic Wheat Beer (NAWB) exhibited antidiabetic properties by modulating carbohydrate metabolizing enzymes and upregulates insulin and GLUT-2 mRNA expressions in High Fat DietStreptozotocin (HFDSTZ) induced diabetic rats
	Abstract 
	Introduction
	Materials and methods
	Sample collection
	Chemicals and reagents
	Beer production and characterization
	Production of beer
	Total phenol determination
	Total flavonoid determination

	Experimental design
	Animal care and handling
	Glycemic index
	Induction of diabetes with STZ in HFD-fed Wistar rats (type 2 diabetic rat model)
	Determination of blood glucose level
	Determination of homeostatic model assessment for insulin resistance (HOMA-IR) levels
	Determination of α-amylase activity
	Determination of α-glucosidase activity
	Determination of lipase activity
	RNA extraction and reverse transcription-quantitative polymerase chain reaction (RT-qPCR)
	Data analysis

	Results and discussion
	Conclusion
	Anchor 24
	Acknowledgements
	References


