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ABSTRACT

This study evaluated the bioactive properties of sorghum-
acha cereal blends enriched with cricket protein derivatives.
Whole cricket meal (WCM), defatted cricket meal (DCM), and
cricket protein hydrolysate (CPH) were incorporated (10%)
into sorghum-acha flour (80:10). Blends (SAWCM, SADCM,
SACPH), analyzed for in vitro antioxidant (DPPH, FRAP, ORAC),
antidiabetic (a-amylase/a-glucosidase inhibition) activities,
alongside in vivo effects in streptozotocin-induced diabetic
rats. SACPH exhibited superior antioxidant activity (34.9%
DPPH, 0.34% superoxide scavenging) compared to sorghum-
only control (32.5%, 0.23%). Cricket-enriched blends showed
moderate enzyme inhibition (38.5-52.5% a-amylase; 31.5-
42.7% a-glucosidase) versus acarbose (90.5%, 85.5%). In vivo,
treated rats displayed improved lipid profiles (TC, TG, LDL, HDL)
and liver biomarkers (ALT, AST, ALP) versus diabetic controls.
Results suggest cricket-fortified blends possess nutraceutical
potential to mitigate diabetes, oxidative stress, and liver
dysfunction, while addressing malnutrition in resource
constrained environment.

Keywords: Antidiabetic, Antioxidants, Functional Properties,
Protein Hydrolysates, Sensory Evaluation.

INTRODUCTION

pBioactive compounds are non-nutritional food constituents
present in small quantities that exert beneficial physiological
and cellular effects beyond basic nutrition. Examples include
flavonoids, anthocyanins, tannins, betalains, carotenoids,
plant sterols, and glycosylates [1]. Among these, polyphenols,
predominantly found in fruits and vegetables, display

antioxidant, anti-inflammatory, and anti-carcinogenic
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activities, offering protection against various diseases and
metabolic disorders [2]. Such properties have driven interest
in developing functional foods that deliver preventive and
therapeutic benefits [2].

Edible insects are an emerging source of bioactive compounds.
In particular, crickets have been shown to contain antimicrobial
peptides that defend against infections and environmental
stressors [3]. Beyond these peptides, crickets are nutrient-
dense, providing approximately 41% protein, 38% fat, and
significant amounts of iron, calcium, and essential amino
acids such as tryptophan [4]. Their rich profile of bioactive
molecules supports their incorporation into food systems
aimed at enhancing health outcomes [4]. Nevertheless, any
health claims require validation through standardized assays
or human trials.

Because of their high fat content, cricket flours are often
defatted using solvents such as hexane to improve shelf life
and functional properties [5]. Enzymatic hydrolysis of defatted
cricket protein yields peptide-rich hydrolysates, which can
increase plasma amino acid levels and support muscle
synthesis [6]. Whole cricket meal, defatted flour, and protein
hydrolysates have been successfully used to fortify cereal-
based foods that are typically low in lysine and tryptophan [5].

Sorghum (Sorghum bicolor) ranks as the fifth most important
cereal globally and is valued for its high carbohydrate content
and adaptability to arid regions [7]. In Nigeria, sorghum
underpins many traditional dishes and also serves medicinal
and industrial purposes. However, its protein fraction, about
7-10% of kernel weight, is limited by low levels of lysine and
tryptophan, reducing its nutritional quality [8]. Incorporating
cricket-derived proteins offers a strategy to address these
amino acid gaps and enhance sorghum’s value as a staple
food.

Acha, or fonio (Digitaria exilis), is one of West Africa’s oldest
cereals but remains underexploited despite its resilience and
historical significance [9]. In Nigeria, fonio is recommended
for diabetic patients due to its favorable glycemic index [10],
and its light texture makes it suitable for gluten-intolerant
individuals, infants, and those with compromised health.
Fonio's protein content (around 7%) is notable for high
methionine and leucine levels, reportedly exceeding those in
egg protein [11]. These attributes position fonio as an excellent
candidate for nutritional enrichment of cereal blends.

Both grains and insect flours contain anti-nutritional factors,
such as phytates, tannins, phenols, and oxalates, that can
inhibit nutrient absorption. Processing techniques (soaking,
heat treatment, fermentation) effectively reduce these
compounds, improving the bioavailability of nutrients in
plant- and animal-based foods [12]. By combining whole
cricket meal, defatted cricket flour, and cricket protein
hydrolysate with sorghum and fonio, it is possible to develop
affordable, high-protein blends with enhanced functional and
health-promoting properties.

Moreover, the addition of fonio contributes methionine,
which is important for liver function and wound healing [13].
Although prior work has explored cricket-cereal mixtures,
few studies have assessed the simultaneous incorporation of
multiple cricket derivatives, whole meal, defatted meal, and
hydrolysate, into sorghum-fonio blends. This study addresses
that gap by formulating flour blends enriched with cricket
products and evaluating their nutritional quality, antioxidant
activity, enzyme-inhibitory effects, and in vivo bioactivities.

Improving the nutritional profile of cereal-based foodsis critical
for combating malnutrition and undernutrition, especially in
developing regions where animal protein is often inaccessible
or expensive [14]. Functional food enrichment with cricket-
derived proteins offers a sustainable, locally available
solution to protein-energy malnutrition. Additionally, chronic
degenerative diseases such as diabetes, obesity, cancer, and
cardiovascular disorders are on therise, underscoring the need
for dietary interventions enriched with bioactive compounds
[15]. Fortified sorghum-fonio blends may therefore serve
dual roles in addressing nutrient deficiencies and providing
preventive support against chronic diseases.

Given the growing demand for convenient, quick-cooking,
ready-to-eat products, developing high-quality, fortified
cereal blends aligns with consumer trends and public health
goals [16]. By evaluating the quality and bioactive properties
of sorghum-fonio blends enriched with whole cricket meal,
defatted cricket flour, cricket protein hydrolysate, and carrot
flour, this research contributed novel formulations that are
both nutritious and functional.

MATERIALS AND METHODS
Source of Materials and Experimental Animal Model

MSorghum (Sorghum bicolor) and acha (Digitaria exilis) grains
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were purchased from Modern Market, Makurdi, Benue State,
Nigeria, and live edible crickets (Acheta domesticus) were
sourced from Agasha along Gboko Road, Benue State. Twenty
four (24) healthy, three week old male Wistar albino rats (100-
130 g) were obtained from the National Veterinary Research
Institute, Vom, Jos, Plateau State, Nigeria. The rats were housed
in well ventilated cages in the Department of Home Science
and Management, Federal University of Agriculture, Makurdi,
with ad libitum access to standard feed and water. Following
a seven day acclimatization period, they were randomly
assigned to four groups (n =6 per group) and identified by
indelible tail, head, and back marks.

Sample Preparation
Preparation of Malted Sorghum Flour

The method described by Marston K, et al. [17] was used with
slight modifications for the production of sorghum flour.
Sorghum grains were sorted to remove debris, soaked in
water for 48 hours, and then drained. The soaked grains were
germinated (sprouted) at ambient temperature, followed by
sun-drying for another 48 hours. The dried malted grains were
milled using a hammer mill and sieved through a 0.5 pm mesh
to obtain malted sorghum flour.

Preparation of Acha Flour

The method described by Ayo J, et al. [18] was used for the
production of Acha flour. Acha grains were cleaned by
winnowing to remove chaff, then washed thoroughly. The
grains were sun-dried for 48 hours, milled using a hammer
mill, and sieved through a 0.5 um mesh to obtain acha flour.

Preparation of Cricket Derivatives

The method described by Agarwal JD, et al. [19] was used
with slight modifications for the production of the cricket
derivatives. Live edible crickets were de-winged, eviscerated,

and oven-dried at 60 °C to constant weight. The dried crickets
were then milled into a fine powder using a hammer mill to
obtain whole cricket meal (WCM). The WCM was defatted
using n-hexane in a ratio of 1:3 (w/v) by stirring continuously
for 8 hours at room temperature. The mixture was filtered,
and the residue, that is defatted cricket meal (DCM), was air-
dried under a fume hood to remove residual solvent. The DCM
subsequently underwent a two-step enzymatic hydrolysis
process. First, it was hydrolyzed with pepsin (pH 2.0) at 37 °C,
followed by a second hydrolysis using pancreatin (pH 7.5)
at 37 °C. The resulting hydrolysate was centrifuged at 4,000
rpm for 15 minutes, and the supernatant was collected and
lyophilized to obtain cricket protein hydrolysate (CPH).
Composite blends were formulated using malted sorghum
flour, acha flour, and the cricket derivatives (whole cricket
meal, defatted cricket meal, and cricket protein hydrolysate)
as shown in Table 1.

Processing of Soy Protein Isolate

Protein was extracted from defatted soy flour using a modified
isoelectric precipitation procedure as described by Gbadamosi
et al. [21]. The defatted flour was dispersed in distilled water
at a 1:10 (w:v) ratio. This was followed by an adjustment
to pH 8.5 with 1.0 M NaOH to solubilize the protein. The
resulting mixture was stirred using a magnetic stirrer for
4 h and centrifuged at 3,500 xg for 30 min. The residue was
discarded, and the supernatant was filtered with cheesecloth
and adjusted to pH 4.5 using 1.0 M HCl to precipitate most of
the proteins. Thereafter, the mixture was centrifuged (3500 x
g, 30 min). The resultant precipitate was re-dispersed in 25 ml
of distilled water, frozen at 0 °C, and then freeze-dried at -52
°C to yield a free-flowing powder. The soy protein isolate was
stored in a sealed tube at 4 °C until analyzed. The flow chart for
the processing of soy protein isolates is shown in Figure 5. The
blend formulation is presented in Table 1.

Table 1. Blend formulation for the production of sorghum-acha flour blends enriched with

different cricket derivatives

Samples (% w/w) Sorghum flour Acha flour Cricket derivatives
SOF 100 0 0
SAWCM 80 10 10
SADCM 80 10 10
SACPH 80 10 10
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Key: SOF: 100% Sorghum Flour; SAWCM: Sorghum + Acha
+ Whole Cricket Meal; SADCM: Sorghum + Acha + Defatted
Cricket Meal; SACPH: Sorghum + Acha + Cricket Protein
Hydrolysate

Pap Preparation

The method described by Banwo K, et al. [20] was used for the
production of the pap. To produce the pap, malted sorghum
flour (80 g), acha flour (10 g), and different cricket derivatives
(10 g), either whole cricket meal, defatted cricket meal, or
cricket protein hydrolysate, were thoroughly mixed with water
in a ratio of 8:1:1 (flour:water:cricket derivative). The mixture
was then cooked at 100 °C for 5 mins with continuous stirring
to ensure uniform gelatinization and prevent lump formation.
The resulting product was a smooth, nutrient-enriched pap
suitable for analysis.

In vitro Antioxidant Properties of Sorghum-Acha-Cricket
Extended Flours

1,1-diphenylpicrylhydrazine (DPPH) Radical Scavenging
Activity (DRSA)

DRSA was determined using the method described by Girgih
AT, et al. [21] with slight modifications. The antioxidant activity
of protein isolates and hydrolysates was assessed using the
DPPH radical scavenging assay for 96-well microplates. Each
sample (10 mg/mL) was dissolved in 0.1 M sodium phosphate
buffer (pH 7.0) containing 1% Triton-X. DPPH was prepared in
95% methanol at 100 uM. Equal volumes (100 pL) of sample
and DPPH solution were mixed and incubated in the dark at
room temperature for 30 minutes. Absorbance was measured
at 517 nm using a spectrophotometer. Glutathione (GSH)
served as a positive control. Scavenging activity (%) was
calculated as: DRSA (%) =[(A, — A,)/A,] x 100

Where A, is the absorbance of the blank and A, is the
absorbance of the sample. The ECs, (concentration required
to scavenge 50% of radicals) was derived using nonlinear
regression of activity versus concentration.

Ferric Reducing Antioxidant Power (FRAP)

The ferric reducing antioxidant power of the protein isolates,
hydrolysates and its fractions were determined using the
modified method of Benzie and Devaki[22]. The FRAP reagent,
freshly prepared by mixing 300 mM acetate buffer (pH 3.6), 10
MM TPTZ, and 20 mM FeCl; in a 5:1:1 ratio, was pre-warmed to

37°C. Each sample (10 mg/mL in distilled water) was reacted
with 200 pL FRAP reagent and incubated for a short period.
Absorbance was read at 593 nm. Iron (Il) sulfate heptahydrate
(FeSO,-7H,0) was used to generate a standard curve, and
results were expressed in mM Fe** equivalents.

Superoxide Radical Scavenging Activity (SRSA)

Themethod described by Xie Z, etal.[23]was used to determine
SRSA of the protein samples. Superoxide scavenging was
measured using the pyrogallol autoxidation method. Samples
(0.25-1.5 mg/mL) were dissolved in 50 mM Tris—HCI buffer
(pH 8.3) containing 1 mM EDTA. In clear tubes, 80 uL sample
was mixed with 80 pL buffer, then 40 pL of 1.5 mM pyrogallol
(in 10 MM HCIl) was added under darkness. The rate of
absorbance increase at 420 nm was recorded immediately at
room temperature. Scavenging activity (%) was calculated as:

Apjansc — A
SRSA (%) = —==——" x 100
blank

Oxygen Radical Absorbance Capacity (ORAC)

The procedure was based on a previously reported method
with slight modifications [24]. Fluorescein (150 pL) was added
to black 96 well plates, followed by 25 pL of Trolox standards
(15-240 uM), sample, or buffer (blank), all in duplicate. After a
3 min incubation at 37 °C, 25 uL AAPH was added to initiate
oxidation. Fluorescence (A\_ex = 485 nm; A\_em = 528 nm) was
monitored for 35 min. The net area under the decay curve,
relative to blank, was used to calculate ORAC values, expressed
as mmol Trolox equivalents (TE) per gram of sample.

Trolox Equivalent Antioxidant Capacity (TEAC)

TEAC assay was evaluated following the method first described
by Cayres CA, et al. [25]. 10mg of sample were mixed with
160 uL ethanol:water (50:50 v/v), then 1.6 mL ABTS* solution
was added. After incubation at 37 °C and 250 rpm for 30 min,
samples were centrifuged at 14,000 rpm for 2 min. Absorbance
was read at 730 nm. Results were expressed as pmol Trolox
equivalents per gram of sample.

a Amylase Inhibition

The inhibition a-amylase activity was assayed using soluble
starch as substrate according to the procedure described
previously by Awosika TO and Aluko RE [26] with slight
modifications. a Amylase inhibition was evaluated using
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soluble starch as substrate. Sample solutions (50-225 ug/
mL peptide) and a amylase (28.6 ug/mL) in 0.02 M sodium
phosphate buffer (pH6.9) with 0.006 M NaCl were pre
incubated at 25 °C for 10 min. Starch (1 g/100 mL) was added
and incubated for 10 min. The reaction was stopped with
200 pL DNSA reagent, boiled for 5 min, cooled, diluted with
water, and absorbance measured at 540 nm. Acarbose served
as positive control. Inhibition (%) was calculated as:

A.— (A, - A
e = (A =A%) 149
Ac
Where Ac is control absorbance, As sample, and Asb sample
blank.

a Glucosidase Inhibition

a-glucosidase inhibitory activity was assayed according to
previously described by Awosika TO and Aluko RE [26] with
slight modifications. Rat intestinal acetone powder (300 mg)
was homogenized in 9 mL 0.9% NaCl, centrifuged (12 000 g,
30 min), and supernatant used as enzyme. Samples (5-20 mg/
mL peptide) in 0.1 M sodium phosphate buffer (pH 6.9) were
mixed with enzyme (8.33 mg/mL) and incubated at 37 °C for
10 min.Then, 100 pL 5 mM p nitrophenyl a D glucopyranoside
substrate was added, and absorbance at 405 nm was recorded
every 30s for 30 min at 37 °C. Acarbose was the positive
control. Inhibition (%) was calculated as:

(Ac - Acb) - (As - Asb) v

A A, 100

Where Ac and Acb are control and control blank absorbances,
and As and Asb are sample and sample blank absorbances.

Sensory Analysis of Pap

A sensory evaluation of the pap formulations was conducted
using a 30-member panel of Food Science and Technology
staff and students. Freshly prepared samples were assessed
for appearance, mouthfeel, consistency, taste, aroma, and
overall acceptability using a nine-point hedonic scale (1 =
“dislike extremely,” 9 ="like extremely”) [27]. Panelists cleaned
their palates with water between samples, and mean scores
for each attribute were calculated to compare the influence of
different cricket-derived enrichments on sensory quality.

Induction of Experimental Diabetes and Animal Treatment

Experimental diabetes was induced in Wistar rats. After a 24-
hour fast, the rats (n = 24) received a single intraperitoneal
injection of streptozotocin (130 mg/kg body weight) and
were monitored for 72 hours. Fasting blood glucose (FBG) was
measured from tail vein blood using a digital glucometer; rats
with FBG >200 mg/dL were considered diabetic. Body weight
was recorded before feeding commenced and then weekly for
21 days using an electronic scale. Diabetic rats were randomly
assigned to four dietary groups and fed formulated blends
containing varying proportions of fermented sorghum flour,
acha flour, and cricket products, along with premix (5 %),
oil + TBHQ (7 %), corn starch (55 %), fibre (12 %), and salt (1 %),
as detailed in Table 2. Each rat received 100 g of its respective
diet daily for 21 days, with leftover feed collected and weighed
the following morning. Water was provided ad libitum
throughout the experimental period, and weekly weight gain
was computed accordingly.

Feeding Trials with SOF, SAWCM, SADCM, and SACPH Diets

Feeding trials were conducted to evaluate the nutritional
quality of sorghum-acha cereal blends enriched with cricket
derivatives. Test diets were formulated to contain 10% protein
using SOF, SAWCM, SADCM, and SACPH samples, while a
basal diet served as control. After a 7-day acclimatization on
commercial starter feed, 24 male Wistar rats were randomly
assigned to six groups (n = 4/group). Each group received one
of the test or control diets for 21 days. Daily feed intake and
body weight were recorded to assess growth performance.

Antidiabetic Study
Induction of Diabetes

Induction of diabetes in wistarrats was carried out according
to the method described by Oyeleye S|, et al. [28]. The Wistar
rats were acclimatized for one week under standard laboratory
conditions with ad libitum access to feed and water. Diabetes
was induced via intraperitoneal injection of streptozotocin
monohydrate (135 mg/kg body weight) dissolved in 0.9%
saline. After 72 hours, fasting blood glucose (FBG) was assessed
via tail vein sampling using a glucometer. Rats with FBG =200
mg/dL were classified diabetic. Baseline FBG was recorded,
and feed intake and body weight were monitored every three
days during the experiment. Test diets were formulated as
shown in Table 2.
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Table 2. Blend formulation for experimental rat feeding

Diet group
Ingredients
Growers mash Sorghum (SO) Whole cricket meal Defatted cricket meal Cricket Protein
Control 9 (WCM) (DCM) Hydrolysate (CPH)
Cornstarch 55.0 55.0 55.0 55.0 55.0
Protein 20.0 P+15.0 P+15.0 P+15.0 P+15.0
Salt 1.0 1.0 1.0 1.0 1.0
Soy oil + TBHQ 7.0 7.0 7.0 7.0 7.0
Fibre 12.0 12.0 12.0 12.0 12.0
Premix (micronutrients) 5.0 5.0 5.0 5.0 5.0

The experimental design consisted of six groups: Group 1
served as the normal control comprising non-diabetic rats
fed a basal diet; Group 2 was the negative control made up
of streptozotocin-induced diabetic rats also fed the basal diet;
Group 3 included diabetic rats treated with a diet based on
sorghum-only flour (SOF); Group 4 received a diet formulated
with sorghum-acha blend enriched with whole cricket
meal (SAWCM); Group 5 consisted of diabetic rats fed a diet
containing sorghum-acha blend with defatted cricket meal
(SADCM); and Group 6 received a diet made with sorghum-
acha blend enriched with cricket protein hydrolysate (SACPH).

Serum Lipid Profile Analysis

The HDL was determined according to the method described
by Oboh G, et al. [29]. Blood samples were collected from each
rat by tail vein puncture into plain sterilized tubes, cooled,
and centrifuged to obtain serum, which was stored at —20 °C
until required for biochemical analyses. All serum parameters
were assessed using commercial diagnostic kits following
the manufacturers’ instructions. Total cholesterol (TC) was
determined using TECO diagnostic kits and calculated as:

TC (mg/dL) = (Absorbance of sample / Absorbance of
standard) x Concentration of standard

High-density lipoprotein cholesterol (HDL-C) was measured
using a commercial diagnostic kit. Triglyceride (TG) levels were
determined using an enzymatic colorimetric assay based on
hydrolysis of triglycerides to glycerol and fatty acids, followed
by quantification of glycerol. Low-density lipoprotein
cholesterol (LDL-C) was then calculated using the Friedewald

formula:

LDL-C (mg/dL) =TC - HDL - (TG /5)

All analyses were conducted in triplicate and statistical
significance was determined at p < 0.05 or p < 0.01 where
applicable.

Statistical analysis

Data were analyzed using Statistical Package for Social
Sciences (SPSS) version 21. Means and standard deviations
were computed as appropriate. One-way analysis of variance
(ANOVA) was employed to assess significant differences
among treatment groups. Where applicable, differences were
considered statistically significant at 95% (p < 0.05) and highly
significant at 99% (p < 0.01).

RESULTS

Sensory evaluation of pap made from the cereal blends
with cricket derivatives

Pap made from sorghum flour only (SOF) was most preferred
across all attributes, appearance, mouthfeel, taste, and overall
acceptability, compared to cereal blends enriched with
cricket derivatives. SOF scored 7.4, 7.7, 6.4, and 7.0 for these
attributes respectively, outperforming the cricket-based
samples, which recorded lower scores ranging from 5.1 to 6.5.
This indicates that the inclusion of cricket products slightly
reduced consumer preference. The significant differences
observed suggest that while cricket-enriched formulations
offer nutritional benefits, they may require further refinement
to match the sensory appeal of the traditional SOF pap. Results
are summarized in Table 3.
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Table 3. Sensory scores of Pap from sorghum-acha cereal flour blends enriched with cricket derivatives

Parameter
Samples
Appearance Aroma Mouthfeel Consistency Taste Overall acceptability
SOF 7.4°+£1.38 6.8°£1.18 7.7°£1.00 5.8°+£1.80 6.4°+1.50 7.00°+1.33
SAWCM 6.5°+1.58 6.5°+1.07 5.6°+£1.49 4.8°+2.06 5.8°+1.43 6.00°+1.41
SADCM 5.5°+1.54 6.2°+1.46 5.1°+£1.56 4.5°+2.09 5.92+£1.22 5.95°+1.27
SACPH 6.5+1.67 6.0°+1.37 6.1°+1.92 5.1°+1.88 5.4°+1.57 5.8°+1.57

Key: SOF = 100 % Sorghum; SAWCM = 80 % Sorghum + 10 %
Acha + 10 % whole cricket meal; SADCM = 80 % Sorghum + 10
% Acha + 10 % defatted cricket meal; SACPH = 80 % Sorghum
+ 10 % Acha + 10 % cricket protein hydrolysate.

In vitro Antioxidant Properties of Sorghum-Acha-Cricket
Extended Flours

DPPH, SRSA, and FRAP Antioxidant Activities of Fortified
Cereal Blends

The antioxidant potential of the fortified cereal blends was
evaluated using three complementary assays: DPPH radical
scavenging activity (DRSA), superoxide radical scavenging
activity (SRSA), and ferric reducing antioxidant power (FRAP),
with results presented in Figure 1A-C. The DPPH assay
showed that glutathione (GSH) had the highest scavenging
activity (53.4%), followed by the SACPH blend (34.9%) and
SOF (32.5%), which were not significantly different (p<0.05).
SAWCM and SADCM had lower activities of 18.5% and 24.7%,
respectively. A clear trend of increasing antioxidant activity

was observed with increasing levels of purification from whole
meal to hydrolysate, indicating that enzymatic hydrolysis
enhances radical scavenging potential.

Similarly, the SRSA values followed a comparable pattern. GSH
showed the highest activity (0.55%), while SACPH recorded
the highest among the experimental blends (0.34%). The SOF
and SADCM blends had comparable and lower values (0.11-
0.24%), suggesting that hydrolysate form may offer superior
superoxide radical quenching effects due to the release of
more bioactive peptides during hydrolysis. The FRAP results
revealed reducing capacities between 47.0% and 56.0% for
the test samples, while the GSH standard recorded 68.0%.
SOF (56%) and SACPH (55%) exhibited the highest ferric
reducing activity among the samples, while SAWCM and
SADCM showed lower values of 48% and 47%, respectively.
These findings collectively suggest that both the composition
and processing method of cricket derivatives significantly
influence antioxidant performance.
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Figure 1A, 1B and 1C. The DPPH Radical Scavenging Activity (A), Superoxide Radical Scavenging Activity (B),

and Ferric Reducing Antioxidant Power (C) of Sorghum-Acha Flour Blends Enriched with Whole Cricket Meal
(SAWCM), Defatted Cricket Meal (SADCM), and Cricket Protein Hydrolysate (SACPH).

Trolox Equivalent Antioxidant Capacity (TEAC)

The antioxidant potential of sorghum-acha blends fortified
with cricket protein derivatives was assessed using Trolox
Equivalent Antioxidant Capacity (TEAC) and Oxygen Radical
Absorbance Capacity (ORAC) assays, as shown in Figure 2A
and 2B. TEAC values ranged from 6.0% to 10.5%, with GSH
showing the highest activity (27.5%). SACPH recorded the

lowest TEAC (6.0%), significantly (p<0.05) lower than SAWCM
and SADCM, suggesting reduced Trolox equivalent activity
in the hydrolysate form. ORAC values ranged from 18.2 to
22.2 pMol TE/g, with GSH again highest (53.4 pMol TE/g).
SACPH and SADCM had slightly higher ORAC values than
SAWCM, indicating better peroxyl radical scavenging. These
results highlight how processing and protein form influence
antioxidant function in the cereal blends.
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Figure 2A and 2B. The TEAC (A) and ORAC (B) Antioxidant Capacities of Sorghum-Acha Flour Blends Enriched with Whole
Cricket Meal (SAWCM), Defatted Cricket Meal (SADCM), and Cricket Protein Hydrolysate (SACPH).

a-Amylase and a-Glucosidase Inhibitory Activities of Cereal
Blends Fortified with Cricket

The inhibitory activities of a-amylase and a-glucosidase in
cereal blends fortified with cricket protein are presented in
Figure 3A and 3B. The a-amylase inhibitory values ranged
from 38.5% in the control SOF sample to 52.5% in cricket-
extended blends, while the standard drug, acarbose, showed
the highest inhibition at 90.7%. All cricket-fortified samples
showed significantly (p<0.05) higher a-amylase inhibitory
activity than the SOF, with the exception of SAWCM and
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c & 601 b £ SACPH
g o
42404 d - 3 e Acarbose
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SADCM, which had statistically similar values. Likewise, the
a-glucosidase inhibitory activity followed a similar trend,
with the control SOF recording the lowest activity at 31.7%
and the standard acarbose reaching 85.5%. The cricket-based
blends showed moderate inhibition, ranging from 38.4% to
42.4%, with SAWCM (42.2%) and SACPH (42.4%) displaying
the highest values, though not significantly different from
each other (p<0.05). Overall, the cricket-enriched cereal
blends exhibited enhanced inhibitory potential against both
enzymes compared to the SOF control, indicating potential
antidiabetic properties.
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Figure 3A and 3B. In vitro inhibitory activities of sorghum-acha cereal blends enriched with cricket products against

a-amylase (A) and a-glucosidase (B) enzymes.
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Key: SOF = Sorghum only (100%), SAWCM = Sorghum 80% +
Acha 10% + Whole Cricket Meal 10%, SADCM = Sorghum 80%
+ Acha 10% + Defatted Cricket Meal 10%, SACPH = Sorghum
80% + Acha 10% + Cricket Protein Hydrolysate 10%.

Effect of Cricket Products in Mixed Cereal Pap on Body
Weight of STZ-Induced Diabetic Rats

The effect of cricket products on body weight in streptozotocin
(STZ)-induced diabetic rats is illustrated in Figure 4. Group 1
rats (normal control) showed a 4.5% increase in mean body
weight, rising from 177.0 g at baseline to 185.0 g by week

3. In contrast, Group 2 rats (diabetic control) experienced
a significant (p<0.05) weight loss of 31.9%, dropping from
182.0 g to 124.0 g by the third week. Group 3 rats (fed SOF-
based diet) recorded a 5.7% weight gain post-induction,
which was notably higher than the gain observed in Group
1. Furthermore, Groups 4, 5, and 6, which received cricket-
fortified diets (SAWCM, SADCM, and SACPH), exhibited
significant (p<0.05) and consistent weight gains throughout
the three-week period. These findings suggest that cricket-
based cereal diets may mitigate STZ-induced weight loss and
support improved weight maintenance in diabetic conditions.
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Figure 4. Effect of graded percentages of Sorghum-Acha and cricket meal on body weight of streptozotocin induced

diabetic albino rats.

Key: Group1-Normal control; Group 2, STZ control; Group3,
100 % Sorghum;Group 4, STZ + 80 % Sorghum + 10 % Acha +
10 % whole cricket meal; Group5, STZ + 80 % Sorghum +10 %
Acha + 10 % defatted cricket meal;Group 6, STZ 80 % Sorghum
+ 10 % Acha + 10 % cricket protein hydrolysate.

Effect of SOF, SAWCM, SADCM and SACPH Diets on Fasting
Blood Sugar

The effect of cricket-fortified cereal diets on fasting blood
glucose (FBG) in streptozotocin (STZ)-induced diabetic
rats is presented in Figure 5. At baseline, all rat groups had
comparable FBG levels, ranging between 73.0 and 88.0 mg/dL.
Following STZ induction, a marked elevation in blood glucose
levels was observed, with the diabetic control group (Group 2)
showing the highest increase to 293.3 mg/dL and progressing
to 593.0 mg/dL by week 3. In contrast, the normal control

group (Group 1) maintained stable glucose levels (80.0-83.0
mg/dL) throughout the study.

Among the diet-treated groups, rats fed SOF (Group 3)
recorded a glucose rise to 466.0 mg/dL post-induction but
showed a steady decline to 181.7 mg/dL by week 3. Similarly,
Group 4 (SAWCM) rose to 384.7 mg/dL but stabilized around
100.0 mg/dL at week 3. Group 5 (SADCM) and Group 6 (SACPH)
also exhibited post-induction spikes to 416.3 mg/dL and 460.3
mg/dL respectively, but improved significantly by week 3 to
97.0 mg/dL and 103.3 mg/dL.

These reductions were statistically significant (p<0.05),
indicating that the cricket protein derivatives contributed
to glycemic control in diabetic rats. The data suggest that
cricket-enriched cereal blends may support the management
of diabetes through blood glucose regulation.
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Figure 5. Effect of graded percentages of Sorghum, Acha and cricket meal on fasting blood glucose level of streptozotocin

induced diabetic albino rats.

Key: Group 1, Normal control; Group 2, STZ control;
Group 3, 100 % Sorghum only; Group 4, STZ + 80 %
Sorghum + 10 % Acha + 10 % whole cricket meal; Group
5, STZ + 80 % Sorghum + 10 % Acha + 10 % defatted
cricket meal; Group 6, STZ + 80 % Sorghum +10 % Acha
+ 10 % cricket protein hydrolysate.

Effect of SOF, SAWCM, SADCM and SACPH on Lipid
Profiles

The influence of cricket-based cereal diets on the lipid
profiles of STZ-induced diabetic rats is shown in Figure 6.
Total cholesterol (TC) was highest in the diabetic control
group (Group 2) at 176.5 mg/dL, indicating borderline
hypercholesterolemia. In contrast, cricket meal-treated
groups recorded moderate TC values: 157.8 mg/dL (SOF),
157.3 mg/dL (SAWCM), 146.5 mg/dL (SADCM), and 151.6
mg/dL (SACPH), all within the normal recommended
range (80-200 mg/dL), suggesting a lipid-lowering
potential.

Triglyceride (TAG) levels followed a similar trend, with
Group 2 showing the highest value (166.6 mg/dL), while
the control group (Group 1) had the lowest (138.1 mg/
dL). Groups 5 and 6 (SADCM and SACPH) showed no
significant difference (p>0.05), with values of 140.3 mg/
dLand 140.5 mg/dL respectively. Low-density lipoprotein
(LDL) cholesterol levels were highest in Group 2 (114.7
mg/dL) and lowest in Group 1 (102.0 mg/dL). Cricket-
enriched groups had moderately reduced LDL values
(102.6-107.1 mg/dL), demonstrating a protective effect.

High-density lipoprotein (HDL), or “good” cholesterol,
was significantly higher (p<0.05) in Group 1 (19.7 mg/
dL) and lowest in Group 2 (12.5 mg/dL), with the cricket-
fed groups showing improved HDL levels. Overall,
cricket-based diets positively influenced lipid profiles,
suggesting potential benefits in managing dyslipidemia
associated with diabetes.
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Figure 6. Effect of graded percentages of Sorghum, Acha and cricket meal on lipid profile level of streptozotocin induced

diabetic albino rats.

Key: Group 1, Normal control; Group 2, STZ control;
Group 3, 100 % Sorghum only; Group 4, STZ + 80 %
Sorghum + 10 % Acha + 10 % whole cricket meal; Group
5, STZ + 80 % Sorghum + 10 % Acha + 10 % defatted
cricket meal; Group 6, STZ + 80 % Sorghum + 10 % Acha
+ 10 % cricket protein hydrolysate.

Impact of SOF, SAWCM, SADCM and SACPH on Liver
Function Markers

Figure 7 illustrates the effect of cricket-enriched diets
on liver function markers in STZ-induced diabetic rats.
(ALT)
(p<0.05) decreased in treated groups, ranging from

Alanine aminotransferase levels significantly

w
=]

33.2 to 29.5 U/L. Alkaline phosphatase (ALP) levels also
reduced significantly (p<0.05) from 38.5 U/L in the
diabetic group to 36.5-28.2 U/L in the treated groups.
Similarly, aspartate aminotransferase (AST)
dropped significantly (p<0.05) from 54.8 U/L (Group 2) to
43.8-33.8 U/L across cricket-fed groups. These reductions

levels

indicate that cricket-based diets mitigated liver damage
in diabetic rats, with biomarker levels returning closer
to those of non-diabetic controls. Overall, the cricket
protein-enriched diets showed hepatoprotective
potential in managing liver dysfunction associated with

diabetes.
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Figure 7. Effect of graded percentages of Sorghum, Acha, and cricket-derived products on liver function markers (ALT, AST,

and ALP) in streptozotocin-induced diabetic albino rats.
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Key: Group 1 - Normal control; Group 2 - STZ control;
Group 3 - 100% Sorghum only; Group 4 - STZ + 80%
Sorghum + 10% Acha + 10% Whole cricket meal
(SAWCM); Group 5 — STZ + 80% Sorghum + 10% Acha
+ 10% Defatted cricket meal (SADCM); Group 6 — STZ
+ 80% Sorghum + 10% Acha + 10% Cricket protein
hydrolysate (SACPH).

Effect of SOF, SAWCM, SADCM and SACPH Diets on
Serum Total Protein and Albumin Levels

Figure 8 illustrates the effect of cricket protein-enriched
sorghum-acha blends on serum total protein (TP) and
albumin levels in STZ-induced diabetic rats. Albumin,
which makes up 50-60% of total serum protein and

is synthesized in the liver, is a crucial marker of liver
function [30]. Normal albumin levels range from 3.5-5.0
g/dL. In this study, the diabetic control group (Group 2)
had the highest TP (7.43 mg/dL) and albumin (4.83 mg/
dL) levels. Rats fed cricket-extended diets had TP levels
ranging from 5.36 to 6.10 mg/dL, all within the normal
range. Group 3 (SOF) recorded the lowest albumin
value of 3.10 mg/dL. Overall, cricket protein inclusion
did not adversely affect protein metabolism, and the
diets appeared to support stable serum protein and
albumin concentrations, suggesting potential for use
in nutritional formulations aimed at managing diabetes
without impairing liver synthetic functions.
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Figure 8. Effect of graded percentages of sorghum-acha enriched with cricket products on the total proteinand albumin
levels of streptozotocin induced diabetic albino rats.

Key: Group 1: Normal control; Group 2: STZ Control;
Group 3: Sorghum 100%, Group 4: STZ + 80% sorghum
+ 10% Acha + 10% Whole cricket meal; Group 5: STZ +
80% Sorghum + 10% Acha + 10% defatted cricket meal,
Group 6: STZ + 80% Sorghum + 10% Acha + 10% cricket
protein hydrolysate.

DISCUSSION

This study explored the bioactive properties, enzyme
inhibitory activities, and in vivo antidiabetic effects

of sorghum-acha flour blends extended with cricket
products, including whole cricket meal (SAWCM),
defatted cricket meal (SADCM), and cricket protein
hydrolysate (SACPH). The results offer significant insights
into the potential of these blends as functional foods for
managing oxidative stress and diabetes, conditions that
pose substantial global health challenges. By combining
traditional cereals with an unconventional protein source
like cricket, this research bridges nutritional science and
sustainable food innovation, providing a foundation for
further exploration and application.
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The antioxidant capacity of the flour blends was
assessed through multiple assays, including DPPH
radical scavenging activity (DRSA), superoxide radical
scavenging activity (SRSA), ferric reducing antioxidant
power (FRAP), Trolox equivalent antioxidant capacity
(TEAC), and oxygen radical absorption capacity (ORAC).
These assays collectively highlight the blends’ ability to
neutralize free radicals and reduce oxidative stress, a
critical factor in chronic diseases such as diabetes [31].
The DRSA results, ranging from 18.5% to 34.2%, revealed
that the SACPH-extended sample exhibited the highest
scavenging activity (34.2%), significantly outperforming
SAWCM (18.5%) and SADCM (23.6%). This enhancement
is likely due to enzymatic hydrolysis with pepsin and
pancreatin, which breaks peptide bonds, releasing
free amino acids and bioactive peptides that readily
interact with DPPH radicals [32]. Although the standard
glutathione (GSH) showed a higher DRSA of 53.2%, the
SACPH sample’s performance suggests its potential as
a natural antioxidant source, capable of mitigating free
radical-mediated damage.

7

Similarly, the SRSA results underscored the blends
ability to scavenge superoxide radicals, highly reactive
oxygen species implicated in cellular damage and lipid
peroxidation [33]. Values ranged from 0.11% (SAWCM)
to 0.34% (SACPH), with GSH at 0.55%. The progressive
increase from SAWCM to SADCM (0.23%) to SACPH
mirrors the DRSA trend, reinforcing the role of hydrolysis
in enhancing antioxidant activity. Superoxide radicals,
produced during normal physiological processes, can
become excessive in chronic conditions, overwhelming
endogenous defenses like superoxide dismutase (SOD)
[34]. While the blends’ SRSA was lower than GSH, their
capacity to augment these defenses through dietary
means is promising. Notably, no clear correlation was
observed between hydrophobic amino acid content and
SRSA, contrasting with findings by Gharibzahedi SMT,
et al. [35] on chickpea hydrolysates. This suggests that
peptide size, sequence, or other structural factors may
be more influential [36], warranting further investigation
into the specific bioactive components responsible.

The FRAP assay, which assesses the reduction of ferric
ions to ferrous ions as a measure of electron-donating
capacity [37], revealed distinct trends in antioxidant
potential. Values ranged from 47% in SADCM to 55% in
SACPH, with SOF slightly higher at 56%, and GSH peaking
at 68%. The cricket-extended blends generally exhibited
lower FRAP values than the control, suggesting that
cricket incorporation may alter the antioxidant synergy
naturally present in sorghum-acha matrices. This finding
contrasts with previous reports where fermentation
improved FRAP values in cereal products, reinforcing
that processing and formulation significantly influence
antioxidant responses. The TEACand ORAC assays further
supported these observations. TEAC values ranged
from 6.0 to 10.5 mmol TE/g, with SACPH showing the
highest activity among the fortified blends, exceeding
levels reported in polyphenol-enriched wheat bread
[38]. ORAC values ranged from 18.2 to 22.2 umol TE/g,
reflecting strong peroxyl radical quenching capacity
and surpassing levels seen in certain protein-derived
antioxidant peptides [39]. Collectively, these data
emphasize the antioxidant strength of cricket protein
hydrolysate-enriched blends, particularly SACPH, for
dietary oxidative stress modulation.

Beyond antioxidant properties, the study evaluated
the blends’ inhibitory effects on a-amylase and
a-glucosidase, enzymes critical to carbohydrate
digestion and glucose absorption. Inhibiting these
enzymes is a cornerstone of diabetes management, as
it slows glucose release into the bloodstream, mitigating
postprandial hyperglycemia [40]. The a-amylase
inhibitory activity ranged from 38.5% (SOF) to 52.5%
(SACPH), with cricket-extended samples significantly
outperforming the control. This enhancement likely
stems from bioactive peptides released during
hydrolysis, which may bind to the enzyme’s active site
or alter its conformation [41]. Compared to roasted
sorghum or rice bran hydrolysates, the SACPH-extended
blend’s higher inhibition suggests a potent antidiabetic
potential [41]. Similarly, a-glucosidase inhibition ranged
from 30.1% (SOF) to 46.0% (SACPH), exceeding values

reported for malted millets [42]. The lack of significant
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difference between SAWCM and SADCM indicates that
lipid content may not substantially affect inhibition,
whereas hydrolysis markedly enhances it, possibly due
to the increased solubility and enzyme-binding affinity
of smaller peptides [43].

The in vivo antidiabetic efficacy of the fortified blends
was evaluated using streptozotocin-induced diabetic
rats, revealing significant reductions in fasting blood
sugar levels across treated groups. SACPH demonstrated
the most pronounced decline, especially within
the first three weeks of feeding. This early glycemic
improvement aligns with observations by Gribble FM,
et al. [44] on insulin secretagogues and may result from
the insulinotropic properties of cricket protein, which
is rich in branched-chain amino acids such as leucine.
Nguyen NQ, et al. [45] noted that leucine stimulates
insulin secretion through mTOR pathway activation and
glutamate dehydrogenase, enhancing glucose uptake.
These findings echo the therapeutic benefits reported in
high-protein dietary interventions, where a 30% protein
intake significantly improved glycemic control in type 2
diabetic patients [46]. Additionally, the reversal of weight
loss in diabetic rats fed cricket-enriched diets highlights
the blends’ nutritional adequacy, likely driven by their
high protein content (=8%), which supports lean mass
retention and appetite stimulation.

Lipid profile improvements were a significant outcome,
with treated rats showing reductions in total cholesterol
(TQ), triglycerides (TG), and low-density lipoprotein (LDL),
along with elevated high-density lipoprotein (HDL).
This hypolipidemic effect, consistent with Vlachova
M [47], suggests potential cardioprotective benefits
for diabetic individuals, who are at heightened risk of
cardiovascular complications. The presence of bioactive
peptides and dietary fiber in the cricket-enriched blends
may inhibit cholesterol absorption or synthesis [48],
while antioxidant compounds contribute to reduced
lipid peroxidation [49]. Compared to findings by Shahin
(2017), who reported worsened lipid parameters in
hypercholesterolemic rats, these blends demonstrated
favorable modulation of serum lipids. Liver function

markers, ALT, AST, and ALP, also improved, with levels
approaching normal ranges as observed in Kalas MA,
et al. [30]. This hepatoprotective effect is especially
relevant, considering the liver’s central role in glucose
and lipid metabolism, often disrupted in diabetes. The
antioxidant-rich blends likely attenuated hepatic stress
and inflammation.

Serum total protein (TP) and albumin levels provided
additional insights into metabolic health. Untreated
diabetic rats exhibited elevated TP (7.43 g/dL) and
albumin (5.83 g/dL), potentially reflecting dehydration
or hepatic dysfunction [50]. In contrast, treated groups
maintained levels within or approaching normal ranges
(60-83 g/L for TP, 3.5-5 g/dL for albumin), indicating
restored liver synthetic function and nutritional status
[51]. These findings contrast with Akinsulie O, et al. [52],
who reported higher TP and albumin in rats fed potato
peels, highlighting the unique metabolic benefits of
cricket-extended blends.

The implications of these results are multifaceted. The
SACPH-extended blend’s superior antioxidant and
enzyme inhibitory activities suggest that hydrolysis is
a critical processing step for maximizing bioactivity,
aligning with trends in functional food development
[53].The in vivo outcomes demonstrate practical efficacy,
supporting the use of cricket protein as a sustainable,
nutrient-dense ingredient in diabetes management.
However, limitations must be addressed. The study’s
reliance on an animal model necessitates human trials
to validate these effects. The specific bioactive peptides
driving these outcomes remain unidentified, requiring
detailed characterization to elucidate mechanisms.
Sensory and nutritional profiling of the blends is also
essential for consumer acceptance, as their practical
application hinges on palatability and marketability.

Future research should explore the integration of cricket-
enriched sorghum-acha blends into widely consumed
food products such as breads, snacks, or porridges, while
assessing their long-term health impacts in human
populations. Given their nutrient density, whole cricket
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derivatives could be incorporated into infant diets to
support healthy weight gain, whereas defatted cricket
meal may be more suitable for adults managing caloric
intake. Additionally, cricket protein hydrolysates, due
to their bioactive properties, could be formulated into
specialized diets for managing metabolic diseases. These
findings support the sustainable use of edible insects
in targeted nutritional interventions across diverse age
and health groups [54,55].

CONCLUSION

In conclusion, the sorghum-acha-cricket flour blends
exhibit significant bioactive and antidiabetic properties,
with SACPH standing out as a potent functional
ingredient. By reducing oxidative stress, inhibiting
carbohydrate-digesting enzymes, and improving
metabolic markers in diabetic rats, these blends hold
promise as a novel, sustainable approach to health
promotion. The integration of traditional cereals with
insect protein not only enhances nutritional value
but also paves the way for innovative food solutions,

bridging science, sustainability, and public health.
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