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ABSTRACT

Background: Balanites aegyptiaca is commonly used in folk medicine as antihyperglycemic agent.
Objective: Fruit juices from pineapple (Ananas cosmosus L), Balanites aegyptiaca and a blend after
being encapsulated by spray dried with 10% maltodextrin, were examined for their physicochemical
and antihyperglycemic properties.

Methods: Three different juice powders had been produced using spray dryer. The
antihyperglycemic activity in glucose overloaded hyperglycemic rats has been evaluated.

Results: The juice powders had moisture contents ranging from 2.96 to 3.73% (dry basis). The fruit
juice powders hygroscopicity varied between 14.44 and 15.38 g/100 g of juice powder samples.
There were notable differences in the antihyperglycemic effects of the spray-dried juice samples on
Wistar rats. Blood sugar levels were significantly (P<0.05) lower in the Wistar rats batch
administered with reconstituted Balanites juice and glibenclamide at T90min compared to the
Normal control batch (4.77% and 29.44% respectively). Comparing the blood sugar levels of
positive control (CP), Balanites, and Pineapple + Balanites animals to those of negative control
(Cneg) animals and animals given pineapple juice, a substantial (P<0.05) decrease was noted.
Conclusion: The findings indicate that encapsulation by spray drying of pineapple juice with
Balanites aegyptiaca fruits can be encouraged to be processed by fruit processing industries
because the resulting juice powders have good antihyperglycemic properties.

Keywords: Spray-dried juice; pineapple; balanites aegyptiaca; antihyperglycemic activity.

ABBREVIATIONS In terms of tropical fruit output, pineapple

(Ananas cosmosus L., family Bromeliaceae)
RH : Relative humidity ranks second globally with an estimated 28.3
CN : Normal control million tons produced worldwide in 2018,
CNeg : Negative control according to estimates from the Food and
CP : Positive control Agriculture Organization of the United Nations.
STZ  : streptozotocin Cameroon shown a production of 312192.17

tons in 2021 [4]. The pineapple is a fruit that
1. INTRODUCTION grows in tropical and subtropical areas and is

) ) ) ) consumed in a variety of ways all over the world,
Balanites aegyptiaca (L.) Delile (Family:  gych as dry goods, juices, canned goods, and
Zygophyllaceae) is an unused fruit yielding tree  fregh fruit. The hypoglycemic and hypolipidemic
native to Africa and distributed in subtropical and properties of the ethanolic extract of Ananas

tropical regions of Africa. Both ripe and unripe  comosus (L) leaves were assessed [5,6].
fruits are edible and are referred to as "desert Pineapples are used in the kitchen to me,lke
dates" in popular _culture. The fruits are juices, jams, ice cream, and other treats in
processed to make liquor and beverages [1,2].  aqdition to being eaten fresh. Fresh fruit is
Gad et al. [3] demonstrated the antidiabetic  chajlenging to carry due to the short shelf life of
activities of fruit extracts _(1.5 a/kg body. weight)  ascorbic acid-rich juice. Even if there are a lot of
to dlabeth induced rats with streptozotocin (STZ) pineapple products available, the food business
and examlned the amount of glycogen inthe liver g constantly developing new pineapple goods.
and kidney as well as some important enzymes  The novel product will assist pineapple growers
of liver related to the metabolism of py increasing demand for fresh pineapple, hence
carbohydrates. Five times as much blood reducing losses from enzyme reactions,
glucose was raised, levels of serum insulin were pesticides, and bacteria during the harvest
reduced by 80%, the value of liver glycogen geason. Different processes of dehydration,
content was decreased by 58%, and kidney including freeze drying sun drying
glycogen content has been increased by seven spray drying, vacuum during, and oven drying,

times when streptozotocin STZ (50 mg/kg body  can turn fresh fruit into dry particles. Spray drying
weight) was administered to rats. In the case g g widely used technique for drying

where fruit extract was oral administered to rats, suspensions, which are solutions of heat-
glucose-6-phosphatase  liver — activity was  ggnsitive goods that are exposed to high

considerably reduced and serum glucose levels  emperatures for brief periods of time (usually a
were lowered by 24% [2]. few seconds) [7,8].
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Many powdered items can be produced using
spray drying; however, fruit juices usually require
the addition of carrier agents during the drying
process, which may be a drawback in
some circumstances [4]. Maltodextrin
[(CeH1005)n.H20] is one of the most used carrier

agents in the drying of products in s
pray dryers. However, there is a drawback to the
addition of maltodextrin: it can impact
those with diabetes because it raises
the product's carbohydrate content
[9,10].

Diabetes is a disease characterized with

elevated glucose levels in blood, leading to major
complications such as diabetic neuropathy,
nephropathy, retinopathy and cardiovascular
disease [11]. With its high incidence, morbidity,
and mortality, diabetes is the third leading cause
of death in the world, behind cardiovascular and
cancer diseases [12]. Between 2013 and 2035,
the number of individuals with diabetes
worldwide is predicted to rise from 382 to 592
million due to a variety of causes, including
aging, a sedentary lifestyle, poor eating habits,
and obesity [13]. Treatment options now in use,
including as insulin therapy and oral
hypoglycemics, have numerous drawbacks that
restrict their usefulness. Phytotherapy has a long
history of usage in treating a variety of
conditions, including diabetes [14]. Moreover,
numerous studies have been conducted in an
effort to find new, naturally occurring antidiabetic
drugs that are both cost-effective and have few
side effects while also enhancing pancreatic beta
cell function and increasing beta cell density. The
discovery of novel bioactive compounds with
several medicinal qualities, such as
hypoglycemia and hypolipidemic effects and the
abilty to scavenge free radicals, is
largely attributed to natural metabolites
[15]. The challenge will be to consumed
natural juice and maintain the blood glycemic
level.

Many studies are available in the literature about
the use of the spray dryer to obtain powdered
fruit pineapple juice [8,10,16,17]. However, to the
best of our knowledge there are no studies about
spray dried pineapple-balanites fruits juice with
antihyperglycemic properties study. Therefore,
the objective of this work was to
developed powder from pineapple together with
B. aegyptiaca fruits juice so that it can be
consumed after reconstitution in  water
without excluding diabetics showing a hygienic
diet.

63

2. MATERIALS AND METHODS

2.1 Materials
2.1.1 Raw material

Fruits from the local fruit market of Ngaoundere
were used for the study, including freshly
harvested, completely matured pineapples
(Ananas cosmosus) and balanites (Balanites
aegyptiaca (L.) Delile). Maltodextrin (CAS 950-
36-6) manufactured by Anhui Puya Biological
Technology CO.,Ltd, China, was used as a
carrier agent in spray drying.

2.1.2 Animals

For the current research, the Wistar male strain
rats (150g to 200 g) were purchased from the
Pasteur Institute in Yaoundé (Cameroon) and
acclimatized at the Department of Biological
Sciences, Laboratory of Medicinal Plants, Health
and Galenic Formulation, University  of
Ngaoundéré (Cameroon). The animals were kept
in rooms with controlled room temperature (24+2
°C) and free access to tap water and food
provided by National Veterinary Laboratory
(LANAVET), Garoua, Cameroon. All
experimental procedures were approved by the
institutional ethics committee of the Department

of Biological Sciences of the University of
Ngaoundere (ECDBSUN 01/15/2015/UN/
FS/DSB).

2.2 Methods

2.2.1 Preparation of fruit juices

Pineapple fruits were cleaned with water to
remove dirts, peeled, cut and juice extracted
using juice extractor (Moulinex Blender Mixeur;
Faciclic Steel; Inox -LM320A10, 550 W). A
muslin cloth filter was used to extract the
pineapple fruit juice and the juice with total solid
content of 14.5 g/100 g (w/w), 13 °Brix, pH 3.76
had been obtained and stored at -18° C until use.

Preparation of Balanites fruits juice had been
done according to methods described by Gad et
al [3]. The epicarps of 500g of the fruits were
removed, and then the mesocarps of the fruits
were scraped off and extracted with water (70
°C) for 4 h. Fruit juice was obtained by filtering
through muslin cloth and juice with total solid
content of 12 g/100 g (w/w), 14 °Brix, pH 4.35
had been obtained and stored at -18° C until use.
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2.2.2 Spray drying method of fruits juice

Spray drying of juice was performed in a co-
current small scale spray dryer (TFS-2LS
SS304), with two-fluid nozzle with orifice 0.7 mm
in diameter, operating at: inlet air temperature of
175 °C; feed flow rate of 500 mL/h; air flow rate
of 73.5 m3/h. To achieve this, all the two juices
were diluted with distilled water to get a uniform
Total Solid Content. The feed samples were
obtained by addition of maltodextrin to respective
pineapple and Balanites fruit juices. The third
feed was made up with mixture of pineapple and
Balanites juice with maltodextrin. The three
different juice powders obtained were packed
into plastic bags.

2.2.3 Analytical methods
2.2.3.1 Moisture content of spray dried juices

Moisture content of the powder sample was
determined according to AOAC method [18]. Two
grams of powder were weighed, and they were
dried at 70 °C until constant weight. Samples
were studied in triplicate and the mean has been
determined.

2.2.3.2 Hygroscopicity of spray dried juices

Hygroscopicity of different powders obtained was
determined following the method described by
Muzaffar et al.[19] with some modifications. One
gram sample of each powder was kept at 25 °C
in a desiccator with a saturated NaCl solution
(75.29% Relative Humidity, RH). Samples were
weighed after a week, and hygroscopicity was
calculated as g of absorbed moisture per 100 g
of dry solids.

2.2.3.3 Antihyperglycemic effect of reconstituted
powder juices in rats made
hyperglycemic by glucose overload

Antihyperglycemic activity was studied in glucose
overloaded hyperglycemic rats by the modified
method of Jarald and al. [11] . To do this, thirty
(30) male rats were non-water fasted for 12 h
and then divided into 6 groups of 5 rats each.
Immediately after distribution, the initial blood
glucose levels of the rats were taken at time
Tomin. The animals were force-fed in the following
manner as soon as blood glucose levels were
determined using an Onetoch-ULTRA
glucometer and test strips. To do this, a small cut
was made at the end of the rat tail, the first drop
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of blood was eliminated and the second placed
on the reactive area of the strip previously
mounted on the glucometer.

- Group 1 (Normal Control, CN) was given
10 milliliters per kilogram of body weight of
distilled water;

Group 2 (Negative Control, CNeg)
received distilled water at a volume of 10
ml/kg body weight;

Group 3 (Positive Control, CP) received
Glibenclamide at a dose of 0.3 mg/kg body
weight;

Group 4 (Test Batch 1, Ananas) received
reconstituted Pineapple juice at a dose of
250 mg/kg;

Group 5 (Test Batch 2, Balanites) received
reconstituted Balanites juice at a dose of
250 mg/kg;

Group 6 (Test Batch 3, Ananas +
Balanites) received the reconstituted of
mixture of Pineapple and Balanites juices
at a dose of 250 mg/kg.

Ninety minutes (90 min) later, the animals blood
sugar has been evaluated (T min). Subsequently
(Toomin), 3 g/kg of D-glucose were force-fed to the
animals (except the CN batch). Blood sugar
levels were then assessed every 30 minutes for
2 hours (T120min, T150min, T18omin and T210min).

2.2.4 Statistical analysis

The software Statgraphics Centurion XVI was
used to perform the statistical analyses of
experimental results. A Duncan’s test was used
to determine whether there was a significant
difference between the results. P < 0.05 was
considered significant.

3. RESULTS AND DISCUSSION
3.1 Results

3.1.1 Moisture content and Hygroscopicity of
powder juices

Table 1 showed that for three powders produced,
moisture content of juice powder varied from
2.96 to 3.73% (dry basis), formulations resulted
in moisture contents lower than 5%, a
characteristic limit to water content
proposed for spray dried products [20]. Jittanit et
al. [16] reported moisture content values
slightly lower than those observed in the present
work.
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Table 1. Moisture content and hygroscopicity of powders produced

Powder of Powder of Balanites Powder of
Pineaple Pineaple+Balanites
Moisture content (%) 3.73+0.87* 2.961+0.39 3.14+0.72

Hygroscopicity (%) 14.44+1.38%

15.38+0.77%

14.73+1.86%

Data are means * standard deviations (n = 3). Values in the same line with different letters are significantly

different (p < 0.05)
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Fig. 1. Variation in blood sugar levels in animals treated with the different extracts depending
on time

The hygroscopicity values of powder developed
varied from 14.44% to 15.38%. According to
Huppertz [21] and Zotarelli et al [22], powders
with hygroscopicity between 15 and 20% (at 75%
of RH) are highly hygroscopic. High
hygroscopicity could lead to a loss of powder
properties during storage. Moreover, we could
observe a difficult reconstitution of the powders
during use. The physical characteristics of the
spray-dried powder are crucial and are primarily
determined by a number of operational factors,
including feed flow, nozzle type, nozzle pressure,
and air flow and temperature. The concentration
of the wall materials employed in the spray
drying process has a significant impact on the
physical characteristics, including surface area,
reconstitution, and particle size. Higher
maltodextrin concentrations were also found to
produce powders that were less hygroscopic,
according to the literature [10,20, 23].

3.1.2 Antihyperglycemic activity of
reconstituted powder juices in glucose
overloaded hyperglycemic rats

During this study, we noted that at Tomin there
was no significant variation (P>0.05) in blood
sugar levels in all treated animal groups
compared to normal control animals (Fig. 1).
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Compared to Normal Control (CN) batch, the
administration of reconstituted B. aegyptiaca
juice and glibenclamide in rats at Teomin (after
administration of 3g/kg of D-glucose) resulted in
a significant decrease (P<0.05) in blood sugar
levels (4.77% and 29.44% respectively).
However, the animals in the CNeg batch and
those treated with the reconstituted pineapple
juice with Balanites showed no significant
variation (P>0.05) in their blood sugar levels
compared to the normal control (CN).

During T12omin, T150min @nd Tigomin, and T21iomin it IS
noted that there was no significant change
(P>0.05) in blood sugar levels in positive control
(CP), Balanites and Pineapple + Balanites rats
compared to normal control (CN) rats. On the
other hand, we note a significant decrease
(P<0.05) in blood sugar levels in positive control
CP, Balanites and Pineapple + Balanites
compared to negative control (Cneg) animals
(44.19%, 45.80% and 48.22% respectively) and
animals treated with pineapple juice (55.06%,
57.48% and 60.55% respectively).

3.2 Discussion

The effect of glibenclamide, a typical drug used
in this study, on glucose tolerance has been
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linked to increased pancreatic beta cell activity,
which results in increased insulin secretion.
According to Latha and al.[24], the mechanism
underlying the antihyperglycemic activity of plant
extracts and fraction involves an insulin-like
effect, most likely by peripheral glucose
consumption or increasing beta cell sensitivity to
glucose, which leads to enhanced insulin
release. The findings are consistent with the
literature; reconstituted pineapple juice had little
antihyperglycemic impact. In fact, literature only
has antidiabetic activity information on pineapple
leaf extracts were presented, no information
about pineapple juice has been published [5,6].

The results presented in this study demonstrate
that at Tomin, the blood sugar levels of all groups
of animals are normal because they have not
undergone any treatment. The non-increase in
blood glucose at Toomin in the groups of animals
would be due to the fact that the active
substances containing in juice formulation
administered (Balanites and glybenclamide)
would have inhibited intestinal absorption of
glucose. Likewise, according to a study carried
out by Chikhi et al. [25] glibenclamide causes an
insulin-secreting effect, thus leading to a drop in
blood sugar. Furthermore, the increase in blood
sugar at Tieomin in the CNeg and Ananas rats
would result in the fact that all of the D-glucose
administered at Teoomin would have been found in
the blood of these animals in the absence of
treatment.

From Ti20min until the end of the experiment, we
noted a significant decrease in the blood sugar
levels of CP and Balanites and
Pineapple+Balanites rats compared to Cneg
animals. According to a study conducted by
Elekofehinti [26], the aqueous extract of
Balanites fruits is rich in saponins. Saponins
exert their hypoglycemic effect through
restoration of insulin response, enhancement of
insulin signaling, increase in plasma insulin
levels, induction of insulin release from the
pancreas, increased expression of GLUT-4. In
the case of this study, the hypoglycemic effect of
Balanites would be due to these bioactive
molecules contained in the aqueous extract of
the juice.

4. CONCLUSION

From this study, it can be concluded from the
results obtained that reconstituted pineapple
juice has no antihyperglycemic effect. On the
other hand, the reconstituted pineapple together
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with Balanites juices and Balanites juice alone
have been shown to have antihyperglycemic
effects starting at the 120" minute of the test.
Thus, this study demonstrates the beneficial
effects of juice (pineapple + Balanites) on
diabetic patients, showing that these patients
glycemia will be improved as a result of
consuming this juice. Encapsulation by spray
drying of juice from pineapple together with
Balanites is a convenient method to process and
dry pineapple juice into powder that has
convenience of reconstitution just prior to
consumption and also provides heath benefitting
compounds with tolerance to diabetics.
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