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Chin-chin, a popular West African snack, is made from wheat. This study investigated the nutritional enhancement of chin-chin with African palm weevil (APW) larvae
flour and different pre-processing conditions - water blanching (70 °C and 95 °C), steam blanching, sun drying, and oven drying (60 °C) on the proximate composition,
antioxidant properties, mineral content, and functional properties of the enriched products.

The addition of 5% APW flour enrichment improved the nutritional profile, increasing protein content from 16.71 to 23.19%, fat content (16.48 to 28.38%), and fibre
content (8.55 - 14.43%). Mineral composition was enhanced, with notable increases in calcium (1.27 - 2.35 mg/100 g), potassium (0.77 - 1.86 mg/100 g), iron (0.75- 1.83

mg/100 g), and sodium (0.91 - 1.73 mg/100 g).

Antioxidant properties (TPC, DPPH, and MCA) were substantially improved while functional properties (water absorption capacity and swelling capacity) were
temperature-dependent, peaking at 80 °C. Processing methods influenced these parameters, with steam-blanching, oven-dried APW flour yielding optimal results for

nutritional retention and sensory acceptability.

Introduction

Chin-chin is a widely consumed deep-fried snack in West
Africa, particularly in Nigeria. It is baked or fried dough is
made from wheat flour, sugar, butter, milk, and eggs, offering
a sweet and crunchy texture. Despite its popularity, traditional
chin-chin is primarily carbohydrate-based, with limited
protein content, making it an energy-dense but nutritionally
imbalanced snack [1]. As a result, there is a growing need to
enhance its nutritional value, particularly through protein
fortification, to address issues of malnutrition and dietary
inadequacies in many African communities.

The continuous increase in population and the concomitant
decrease in agricultural production have contributed
significantly to the grave shortfall in edible protein availability
in developing countries. This has led to widespread protein-

energy malnutrition, a condition that plays a major role
in illnesses and deaths in these regions. Diets in such areas
are often fibre-rich but low in adequate energy and protein,
making it challenging to meet nutritional needs [2]. The search
for alternative, cost-effective, and protein-rich food sources
is therefore critical, particularly for developing nutrient-dense
foods to address protein malnutrition and provide cheaper
alternatives to animal-based proteins.

Insects, long regarded as pests or nuisances, have been
consumed in many cultures as a sustainable food source. In
many parts of the world, they are consumed as occasional
delicacies or as substitutes during food shortages caused by
droughts, floods, or war [3,4]. Edible insects offer a significant
nutritional advantage due to their high protein, mineral,
vitamin, and energy content while being cost-effective for
poor, rural communities. Their consumption has helped avert
malnutrition in several instances [5].
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The African palm weevil (Rhynchophorus phoenicis)
is highly valued in parts of Africa for its nutritional and
cultural significance. Mature larvae of the palm weevil, often
considered a delicacy by the Isoko tribe in South Nigeria, are
large, fleshy, and rich in fat. They are collected from palm
tree trunks and traditionally prepared by frying. Despite their
nutritional potentials, the African palm weevil larvae remain
underutilized, with limited scientific exploration into their
chemical composition and value as a food ingredient [3].

One promising approach to improving the nutritional
profile of chin-chin is the incorporation of edible insects, such
as the African palm weevil (Rhynchophorus phoenicis) larvae.
These larvae are rich in high-quality protein, essential amino
acids, healthy fats, and micronutrients like iron and zinc,
which are crucial for growth and development [6]. Traditionally
consumed in several African cultures, palm weevil larvae are
recognized as a sustainable and environmentally friendly
protein source due to their efficient feed conversion and low
resource requirements compared to conventional livestock [7].
Their nutritional profile is remarkable, with high unsaturated
fatty acids, fibre, and mineral content [8]. These attributes
make edible insects increasingly important in addressing
global food insecurity, climate change, and the rising demand
for sustainable protein sources [9].

In recent years, insect-based foods have attracted global
attention as sustainable high-quality protein sources both
for human food and animal feed. Recent reviews show that
substituting traditional protein with insect flours in baked
products, snacks, and meat analogues improves both amino
acid balance and functional properties such as emulsification
and water retention [10]. Techniques like blanching, defatting,
enzymatic hydrolysis, and fermentation reduce off-flavours,
allergens, and microbial load while improving protein solubility
and digestibility [11].

Recent studies have successfully incorporated insect flours
from crickets (Acheta domesticus), mealworms (Tenebrio
molitor), and palm weevil larvae into various matrices like bread,
pasta, and snacks, demonstrating notable improvements in
protein, minerals, and essential fatty acids [12]. Furthermore,
pre-processing techniques such as blanching and drying are
not merely preservation steps but can act as elicitors, enhancing
the bioavailability of beneficial metabolites. For instance,
controlled thermal processing has been shown to improve the
extractability of antioxidant compounds and inactivate anti-
nutritional factors, thereby augmenting the functional quality
of insect-enriched foods [13]. The objective of this work is to
evaluate the nutritional, functional, and sensory properties of
chin-chin enriched with palm weevil larvae.

Materials and methods
Sample collection

African palm weevil larvae were sourced from Smart360
Farms Limited, a commercial insect-rearing facility located in
Ogun State, Nigeria. The larvae were reared under controlled
conditions in enclosed plastic boxes maintained at 25°C - 30
°C and 60% - 70% relative humidity. The rearing substrate

consisted of a nutrient-rich mixture of palm stem fragments,
maize meal, and yam peelings, which was replaced weekly to
minimize microbial contamination and ensure optimal larval
development. Adult male and female weevils were introduced
into the boxes for oviposition; eggs hatched within 3-5 days,
and larvae reached harvestable size after 30-40 days of
feeding. Harvested larvae were immediately transported to the
laboratory in ventilated containers. All larvae used in the study
were healthy, uniformly sized, and free from visible damage or
disease. All the chemical reagents used during the experiments
were of analytical grade.

Production of dried insect flour

The larvae were manually separated from the substrate
residue and thoroughly cleaned with water several times. The
cleaned palm weevil larvae were manually gutted and rinsed.
Blanching of insects at varying conditions (70 °C for 5min and
95 °C for 2 min) and steamed at boiling temperature (100 °C for
imin) in a steam blancher. After blanching and steaming, the
larvae were divided into three portions and were subjected to
drying: oven drying (60 °C for about 24 hours) and sun drying.
The larvae were spread on a stainless tray and placed in trays
exposed to the sun for about 18 hours. After drying, the dried
larvae were milled with a blender (Model QBL 8005 Viva) into
fine flour. The samples had final moisture content in the range
2.5 and 5.6% which is suitable for prolonged storage.

Production of African Palm Weevil Flour

Wheat and African palm weevil flour were mixed in a
ratio of 95%:5% respectively; the mixing was done manually.
First, the blended flour was put in a bowl, followed by the
addition of salt and baking powder. After this, margarine
was mixed evenly with it. Eggs, sugar, and other ingredients
were added to make fairly stiff dough. The thick dough was
rolled with a pasta cutting machine (Model 18399c, Italy) and
cut into squares. The dough was deep-fried in fresh refined
vegetable oil (Devon King’s, Nigeria) at 190 °C for 5 minutes
using a deep fryer (Friteuse Dyona, Model 6012, France). This
constant temperature was maintained to achieve the desired
crisp texture and ensure consistent oil absorption across all
treatment samples. The chin-chin was placed on absorbent
paper to drain and cooled, after which they were packed in
high-density polyethylene bags.

Proximate analysis of Chin-chin enriched samples

The moisture, crude fat, crude protein, crude fibre, and ash
contents were determined using the methods of the Association
of Official Analytical Chemists (AOAC) [14]. Carbohydrate
content was calculated by difference using the Atwater factor.

Determination of mineral content of Chin-chin enriched
samples

The minerals were extracted using the dry ashing method
as described by (AOAC 930.30, 2016). One gram (1g) of each
sample was weighed into glazed, porcelain crucibles, and the
sample was ashed for 2 hours at 550 °C and allowed to cool.
The ash was transferred into a 250 ml beaker, to which 15 ml of
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concentrated hydrochloric acid and 5ml of concentrated nitric
acid were added. The beaker was placed on a hotplate set at
100 °C till the acid evaporated to dryness. An aliquot (10 ml) of
distilled water was added to the beaker, and the sample was
filtered into a 100ml volumetric flask and made up to the mark.
The mineral content of the digested sample was analysed using
an atomic absorption Spectrophotometer.

Determination of antioxidant Content of Chin-chin-enri-
ched samples

The total polyphenol content of the extract was determined
by the method [15]. The ability of the extract to chelate Fe**
was determined using a modified method of Minotti and Aust
(1987) by Puntel, et al. [16]. The free radical scavenging ability
of the extract against DPPH (1, 1-diphenyl-2-picrylhydrazyl)
using the Anisoke, et al. [17] method.

Determination of swelling capacity of wheat-insect flour

Swelling Capacity was assessed using a modified technique
by Akinwumi, et al. [18].

Determination of the colour of Chin-chin enriched
samples

The colour of the samples was analyzed using a smartphone-
based colour analyzer app, following the method described by
Pathare, et al. [19].

Sensory evaluation

Chin-chin samples were presented as coded samples
to 20 panellists comprising students in the Department of
Food Science and Technology, Obafemi Awolowo University.
Each sample was evaluated for taste, flavour, colour,
overall acceptability, using a scale of zero to nine, with nine
corresponding to like extremely. The scores from the rating
were subjected to analysis of variance (ANOVA).

Statistical analysis

Data obtained was subjected to Statistical Analysis of
Variance (ANOVA) using SPSS Statistical Product Service
Solution Version 20.0. Means were separated using Tukey’s
Test at 5% significance level.

Results and discussion

Figure 1 illustrates the physical appearance of the African
palm weevil larvae after different processing conditions
(blanching and drying the visual appearance of chin-chin
made with palm weevil larvae flour is shown in Figure 2.
The formula with a higher proportion of palm weevil flour
resulted in a darker colour. As the amount of palm weevil flour
increased, the lightness decreased. This can be attributed to
both enzymatic and non-enzymatic browning reactions during
the preparation of palm weevil flour.

Microbial safety and shelf life

The process methods employed, particularly blanching and
drying, are critical for the microbial safety and shelf-life of the

Figure 1: Appearance of larvae before and after drying.

Key: A = Live African palm weevil; B = African palm weevil flour water blanched at
95 °C and sundried; C = African palm weevil flour steam blanched and sundried; D =
African palm weevil flour steam blanched and oven dried at 60 °C; E = African palm
weevil flour blanched at 70 °C and oven-dried at 60 °C; F = African palm weevil flour
blanched at 70 °C and sundried; G = African palm weevil flour blanched at 95 °C and
oven-dried at 60 °C.

Figure 2: Images of enriched chin-chin at different inclusion.

Key: A = chin-chin enrichment at 5%; B = chin-chin enrichment at 10%; C = chin-chin
enrichment at 15%; D = chin-chin enrichment at 20%.

final product. Blanching serves as a critical thermal intervention
step, effectively reducing the microbial load on the raw larvae
by inactivating enzymes and destroying vegetative pathogenic
microorganisms [20].

Microbial safety and shelf-life considerations. Blanching
(70 °C - 95 °C) and steaming pre-treatments, followed by
drying to low moisture, substantially reduced surface microbial
loads and water activity; two major drivers of spoilage in insect
powders and insect-enriched products. Published studies
report that blanching plus controlled drying reduces total
viable counts and fungal loads, and that drying to moisture
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<6% markedly extends the shelf life of insect flours [21]. While
a full microbial shelf-life study was beyond the scope of this
research, the combination of blanching and oven drying is
posited to significantly enhance the product’s stability and
safety compared to sun-drying, which is less controlled and
poses a higher risk of post-processing contamination.

Proximate analysis of Chin-chin enriched with Palm
Weevil Larvae

The proximate composition of chin-chin enriched with 5%
palm weevil larvae flour (Table 1) showed that moisture content
ranged between 2.74% and 5.60% with Sample B (steam
blanched and sundried) having the highest moisture content
value and Sample D (blanched at 70 °C and oven-dried) having
the lowest moisture content value. This value agrees with the
results of Ojinnaka, Emeh, and Okorie [22] for maize-wheat
chin-chin enriched with palm weevil larvae, where enriched
samples exhibited moisture contents ranging from 4.35% to
5.34% at 5% inclusion. The observed variations in moisture
content can be explained by the processing methods applied
to insect flour. Oven drying effectively reduced the moisture
content, which is desirable for improved microbial stability and
shelf life.

The ash content ranged between 1.23% and 1.94% with
Sample A (blanched at 95 °C and sundried) having the highest
ash content and Sample E (blanched at 70 °C and sundried)
having the lowest ash value. The result obtained in this study is
higher than the observation of Awobusuyi, et al. [23] on cookies
enriched with sorghum-termite, who reported 1.7-4.2% with
10% - 50% substitutions.

The fibre content ranged between 8.55% and 14.43% with
Sample A (blanched at 95 °C and sundried) having the highest
fibre content and Sample F (blanched at 95 °C and oven-dried
at 60 °C) having the lowest fibre content. This result is higher
than those reported by Loloah, et al. and Ojinnaka, Emeh, and
Okorie [22] in Tomato paste fortified with palm weevil larvae
and maize-wheat chin-chin with values ranging from 3.2% -
6.6% at 8% - 30% substitution and 1.1 - 1.15 at 5% inclusion,
respectively. The high fibre content is likely due to minimal
structural degradation of chitin (the fibrous component of
insect exoskeletons).

The protein content ranged between 16.71% and 23.19%
with Sample E (blanched at 70 °C and sundried) having the
highest protein content and Sample C (steam blanched and
oven dried at 60 °C) having the lowest protein content. The
value obtained for protein in this study is similar to those
reported by Awobusuyi, et al. [23] in cookies enriched with (5-
15)% sorghum-termite flour, with protein values ranging from
10.5% to 41.0%. The increase compared to the 100% wheat
flour control (19.34%) is due to the high protein composition
of palm weevil larvae, which contain all essential amino acids.
Ekpo and Onigbinde [24] indicated that palm weevil larvae are
rich in high-quality proteins.

The fat content ranged between 16.48% and 28.38% with
Sample F (blanched at 95 °C and oven-dried at 60 °C) having
the highest fat content and Sample B (steam blanched and
sundried) having the lowest fat content. These results are
within the range reported by Awobusuyi, et al. [23] in cookies
enriched with (5 - 15)% sorghum-termite flour, with fat values
ranging from 14.3% to 28.2%. Fat content elevation is due to
the high lipid profile of palm weevil larvae (up to 40% dry
weight), including beneficial unsaturated fats. High blanching
may concentrate fats by reducing moisture without oxidation,
while steam processing could promote minor lipid breakdown
via enzyme activity [25].

The higher fat content in oven-dried samples (Sample F)
can be attributed to the controlled, low-temperature (60 °C)
and anaerobic environment of oven drying, which minimized
lipid oxidation compared to sun drying, where exposure to
sunlight and air can catalyze rancidity [25]. This preservation
of lipids is crucial for maintaining the nutritional quality and
sensory attributes of the product. The stability of fats during
processing has been reported to indirectly influence mineral
bioavailability. The nutritional functionality of insect minerals
is influenced by their unique food matrix. It is suggested
that the lipid component may shield minerals from binding
with antinutritional factors like phytic acid [26]. Moreover,
processing techniques are critical; the controlled heat from
oven drying likely helps dissociate the mineral-chitin complex
inherent to the insect exoskeleton. Studies confirm that
such thermal processing can significantly improve mineral
bioaccessibility, making minerals like calcium and iron more
available for absorption [27].

Table 1: Proximate composition of chin-chin samples from wheat flour enriched with edible insect African palm weevil flour.

A 416 £0.11% 1.94 +0.05¢ 14.43 £ 0.35° 22.09 +0.59° 18.32+0.47° 39.08 +0.87%
B 5.60 +0.14¢ 1.83 +0.05% 9.57 +0.23% 17.76 + 0.48% 16.48 +0.42° 48.77 +0.35°
C 4.56 £0.11° 1.62+0.04° 10.68 + 0.25° 16.71 + 0.45° 23.34 £0.59° 43.08 + 1.37¢
D 2.74 £0.07° 1.73 £ 0.04% 13.13+0.32¢ 21.84 £ 0.59° 24.67 +0.63° 35.92+0.16°
E 3.95+0.10° 1.23+0.04° 10.21 £ 0.01%° 23.19 £ 0.62° 25.09 £ 0.64° 36.35+1.34°
F 3.05+0.07° 1.93 £ 0.06¢ 8.55+0.21° 17.55 £ 0.47%* 28.38+0.72¢ 40.55+0.17%
G 5.30+0.13¢ 1.83 £0.05* 14.14 £ 0.34¢% 19.34+£0.52° 13.58 +0.35° 45.83 +1.29¢

Values are mean + standard deviation. Values in the same column with different superscripts are significantly different at p < 0.05.
Key: 95% wheat flour+ 5% differently processed African palm weevil flour: A = blanched at 95 °C and sundried, B = steam blanched and sundried, C = steam blanched and
oven dried at 60 °C, D = blanched at 70 °C and oven-dried at 60 °C, E = blanched at 70 °C and sundried, F = blanched at 95 °C and oven-dried at 60 °C and G = 100% wheat

flour (Control).
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Table 2: Mineral composition of chin-chin samples from wheat flour enriched with
edible insect African palm weevil flour.

m Ca (mg/100g) K (mg/100g) Fe (mg/100g) | Na(mg/100g)

The carbohydrate content ranged between 35.92% and
£48.77% with Sample B (steam blanched and sundried) having
the highest carbohydrate content and Sample D (blanched at

. . a d a e
70 °C and oven-dried at 60 °C) having the lowest carbohydrate A 1.27£0.01 1.79£0.01 0.75+0.00 1.69£0.01d
content. These results agree with the report of Awobusuyi, B 1.30£0.00° 1.86+0.01° 1.25+0.01° 1.73£0.01°
et al. [23] in cookies enriched with (5-15)% sorghum- c 2.03 +0.04¢ 1.78+0.01¢ 1.06  0.00° 1.65%0.01¢
termite flour, with carbohydrate values ranging from 17.2% D 1.51+0.01° 1.44+0.01° 0.94 + 0.00° 137 +0.01°
o L P
to 54.4%. The lower carbohydrate values in insect fortlflf.?d £ 141001 077+ 0,012 114 £ 0.00" 0.9 £ 0,012
samples compared to the control (45.83%) result from partial
. . . .35+0.01¢ .82+0.01d° .83+0.01° .61 +0.01¢
replacement of carbohydrate-rich wheat flour with protein- F 2:35:0.01 182+001d 183:0.01 1.61+0.01
and fat-rich insect flour. G 1.29£0.01° 1.71£0.01° 1.82£0.01¢ 1.6110.01°

Values are mean + standard deviation. Values in the same column with different
superscripts are significantly different at p < 0.05.

Key: 95% wheat flour+ 5% differently processed African palm weevil flour: A
= blanched at 95 °C and sundried, B = steam blanched and sundried, C = steam
blanched and oven dried at 60 °C, D = blanched at 70 °C and oven-dried at 60 °C, E =
blanched at 70 °C and sundried, F = blanched at 95 °C and oven-dried at 60 °C and G

Mineral composition of Chin-chin enriched with Palm
Weevil Larvae

The mineral compositions of the chin-chin samples

produced are shown in Table 2 below. The calcium content of
chin-chin samples ranged between 1.27 mg/100 g to 2.35 mg/100
g, with the highest value observed in sample F (blanched at 95
°C and oven-dried at 60 °C) and the lowest occurring in sample
A (blanched at 95 °C and sundried). The higher calcium levels
in insect-fortified samples could be attributed to the naturally
high calcium content of insect exoskeletons, which are rich in
chitin and associated minerals [28].

Potassium levels of chin-chin samples varied from 0.77
+ 0.01 mg/100 g to 1.86 + 0.01 mg/100 with the highest value
found in sample B ( and the lowest was recorded in sample
E), blanched at 70 °C and sundried. The value obtained for
potassium in this study is lower than those reported by Ukwo,
et al. [29] in insect-fortified complementary food with 5.5% -
30% substitution, with potassium values ranging from 2.54 to
12.34 mg/100 g.

Iron content of chin-chin samples ranged between 0.75 +
0.00 mg/100 g. Sample F (blanched at 95 °C and oven-dried
at 60 °C) showed high iron content, and sample A (blanched
at 95 °C and sundried) has the lowest iron content value. The
result obtained in this study is lower than that of Ukwo, et al.
[29], who reported 10.25 to 25.70 mg/100 g in insect-fortified
complementary food with 5.5-30% substitutions.

Sodium content values of chin-chin samples ranged from
1.37 + 0.01 mg/100 g to 1.73 + 0.01 mg/100 g. The results
obtained in this study are lower than those reported by Ukwo,
et al. [29] in insect fortified complementary food with 5.5%
- 30% substitutions, with values ranging from 8.12 - 27.15
mg/100 g. The relatively low variation among samples could
be due to sodium’s stability during different drying processes.

Antioxidant analysis of Chin-chin enriched with Palm
Weevil Larvae

The Antioxidant properties of the chin-chin samples
produced are shown in Table 2 below. The result of the total
phenol content of chin-chin samples ranged between 2.99
mg GAE/g and 6.74 mg GAE/g. Sample F (blanched at 95 °C
and oven-dried at 60 °C ) has the highest phenolic content,
and Sample D (blanched at 70 °C and oven-dried at 60 °C) has
the lowest phenolic value. These results agree with the results
of Gumul, et al. [30] for nut bars enriched with edible insect

=100% wheat flour (Control).

flours, where phenolic content increased with insect inclusion
due to the bioactive compounds in insects.

The results of DPPH scavenging activity of chin-chin
samples showed that DPPH radical scavenging activity ranged
between 15.80% and 33.01% in the enriched chin-chin samples.
Sample C (steam blanched and oven dried at 60 °C) had the
highest DPPH activity, while sample E (blanched at 70 °C and
sundried) had the lowest DPPH value. These results agree with
the results of Rocchetti, et al. [31] for beef burgers enriched
with insect powders, where DPPH scavenging increased with
inclusion due to antioxidant peptides in insects.

The results of the metal chelating activity of chin-chin
samples showed that metal chelating activity ranged between
55.88% and 84.72% in the enriched chin-chin samples. Sample
A (blanched at 95 °C and sundried) has the highest metal
chelating activity, while sample F (blanched at 95 °C and oven-
dried at 60 °C) has the lowest metal chelating value. The value
obtained for metal chelating ability in this study is higher than
(42.4% - 52.8%) reported by Odunlade, et al. [32], with 1% -
3% inclusion for wheat bread supplemented with leafy powder
(Table 3).

Swelling capacity of wheat-african Palm Weevil Larvae
Flour mix

The swelling capacity (SC) showed a temperature-
dependent increase, peaking at 80 °C. The swelling capacity
of wheat-insect flour ranged from 68 to 375 % as presented in
Table 4. The values ranged from 68% - 91% at 50 °C to 303% -
375% at 80 °C. Sample C (steam blanched and oven dried at 60
°C) recorded the highest swelling capacity (375%), while sample
F (blanched at 95 °C and oven-dried at 60 °C) exhibited the
lowest swelling capacity (68%), while the 100% wheat control
showed relatively lower swelling (313%). The observation of
this study is not in agreement with the report of Marchini, et al.
[33], who reported a value ranging from 286 to 1758% at 25%
- 50% of composite flour from sorghum, tapioca, and cowpea
over the temperature range. The regression equations for each
of the samples are shown in Table 4. The results indicated that
sample C (steam blanched and oven dried at 60 °C) is the most
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Table 3: Antioxidant properties of chin-chin samples from wheat flour enriched with
edible insect African palm weevil flour.

m DPPH % Phenol mgGAE/g Metal chelating %

A 27.25+0.69° 3.26 +0.09%® 84.72 £2.16°
B 27.11+£0.69° 3.11+0.08® 77.06 +1.97%
c 33.01+0.84¢ 3.17 £ 0.09% 78.63 £2.01%
D 22.62 +0.57° 2.99 £0.08a 79.76 + 2.04
E 15.80 + 0.40° 3.20 £ 0.08% 82.24 £2.10°
F 24.93 £ 0.64 6.74 £0.18° 55.88 £1.43°
G 17.70 £ 0.45° 3.45+0.09° 73.91+1.89%°

Values are mean + standard deviation. Values in the same column with different
superscripts are significantly different at p < 0.05

Key: 95% wheat flour+ 5% differently processed African palm weevil flour: A =
blanched at 95 °C and sundried, B = steam blanched and sundried, C = steam
blanched and oven dried at 60 °C, D = blanched at 70 °C and oven-dried at 60 °C, E =
blanched at 70 °C and sundried, F = blanched at 95 °C and oven-dried at 60 °C and G
=100% wheat flour (Control).

Table 4: Swelling capacity of wheat-insect flour mixes at different temperatures (%).

Compe | s0e |_arc | mo | w0 | s

A 82+3® 176 + 5° 2738 307 + 12 307 +14°
B 91+3° 192 + 6 268 + 9 355+13° 308 + 152
[ 74 + 30 182 + 6° 258 + 8t 375+ 14° 298 £13°
D 75+ 30 144 + 5¢ 260 + 8> 303+12¢ 297 £13°
E 80 + 3 147 + 5¢ 263 + 8% 306 + 12 306+ 142
F 68 + 3° 182 £ 6° 245+ 9° 366 + 14%® 296 +13°
G 84 + 3 228+ 7° 271+ 92 313+ 12° 301 + 142

Key: 95% wheat flour+ 5% differently processed African palm weevil flour: A
= blanched at 95 °C and sundried, B = steam blanched and sundried, C = steam
blanched and oven dried at 60 °C, D = blanched at 70 °C and oven-dried at 60 °C, E =
blanched at 70 °C and sundried, F = blanched at 95 °C and oven-dried at 60 °C and G
=100% wheat flour (Control).

optimal regression model for predicting the swelling behaviour
of the flour mix.

The wide variation in swelling capacity across processing
methods may be attributable to differences in starch—protein—
fiber matrix interactions and the chitin content of the insect
flour. Chitin, a structural polysaccharide in insect exoskeletons,
can limit water penetration and thus reduce swelling unless
its structure is partially degraded by heat or enzymatic action.
Steam blanching combined with oven drying (Sample C) may
have partially disrupted chitinous structures or altered starch
gelatinization, resulting in the observed higher swelling
capacity (Table 5).

Colour analysis of Chin-chin enriched with African Palm
Weevil Powder

The colour parameters are shown in Table 6. The L* value
(lightness) ranged from 35.50 to 71.22. Sample B has the lowest
L* value (35.50), suggesting a darker product, while sample
G was the lightest (71.22). This indicates that the addition
of African palm weevil powder at 5% reduced lightness.
The a* values ranged from 7.13 for sample D to 19.43 for
sample A. This could be attributed to Maillard reactions and
caramelization. The b* values followed a similar trend, with
sample A exhibiting the highest yellowness (33.36) and sample

D exhibiting the lowest b* value (11.19).

To quantitatively assess the browning, the Browning Index
(BI) was calculated using the formula: BI = [100 (x — 0.31)]
/ 0.172, where x = (a* + 1.75 L¥*) / (5.645 L* + a* - 3.012 b¥*)
[34]. Sample F had the highest BI value of (109.61), confirming
excessive browning. Sample C had a significantly lower BI of
(51.41). To optimize colour acceptance in future formulations,
strategies could include: using antioxidant pre-treatments,
introducing a step to slightly acidify the dough by adding a
food-grade acid, and optimizing frying temperature to reduce
Maillard reactions (Figure 3).

Sensory analysis of Chin-chin enriched with Palm Wee-
vil Larvae

The results of the sensory evaluation of chin-chin samples
were presented in Table 7. The control sample G from 100%
wheat flour has the highest score in all the sensory attributes
evaluated compared to the enriched chin-chin samples.
Samples C (steam blanched and oven dried at 60 °C) scored
higher than other samples in taste, colour, flavour, and overall

Table 5: Regression equation for swelling capacity of wheat-insect flour mixes.

A y =78.972e03197 0.804
B y = 87.916€0305% 0.7907
C y = 72.553¢0350% 0.7653
Exponential D y = 66.831¢0-349x 0.8393
E y = 70.35e03416x 0.8525
F y = 67.455e0364 0.7648
G y = 92.046e0286% 0.6897
A y =58.1x + 54.7 0.8763
B y =59.7x + 63.7 0.827
C y=64.1x+45.1 0.7782
Linear D y =60.3x +34.9 0.884
E y=61.1x+37.1 0.8981
F y =64x+39.4 0.7936
G y=51.9x +83.7 0.781
A y = 151.82In(x) + 83.629 0699616;7
B y = 156.58In(x) + 92.876 0.8707
c y = 168.69In(x) + 75.879 0.9433
Logarithm D y =154.98In(x) + 67.411 0'9483
E y = 156.21In(x) + 70.827 0.8825
F y = 167.91In(x) + 70.622 0.9329
G y = 141.13In(x) + 104.27 ’
A y =-17.929x2 + 165.67x - 70.8 0.9931
B y =-20.357x? + 181.84x - 78.8 0.9616
C y =-23.5x2+205.1x- 119.4 0.9246
Polynomial D y =-15.929x2 + 155.87x - 76.6 0.9704
E y =-14.786x? + 149.81x - 66.4 0.9717
F y =-22.143x? + 196.86x - 115.6 0.9266
G y =-22.357x2 + 186.04x - 72.8 0.9839
A y =90.7156x%8632 0.9472
B y =99.671x082%5 0.9338
C y = 83.333x%9547 0.9152
Power D y = 78.467x%°%78 0.9548
E y = 82.666x%01° 0.9598
F y = 77.828x%9912 0.916
G y = 100.9x%80%1 0.8728

Key: 95% wheat flour+ 5% differently processed African palm weevil flour: A =
blanched at 95 °C and sundried, B = steam blanched and sundried, C = steam
blanched and oven dried at 60 °C, D = blanched at 70 °C and oven-dried at 60 °C, E =
blanched at 70 °C and sundried, F = blanched at 95 °C and oven-dried at 60 °C and

G = 100% wheat flour (Control).
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Table 6: Colour values of chin-chin samples from wheat flour enriched with edible
insect African palm weevil flour.

IS T T T

A 60.99 19.43 33.36
B 63.38 14.66 23.19
C 63.50 16.19 28.97
D 35.50 7.13 11.19
E 37.87 11.23 14.06
F 52.87 15.06 32.44
G 71.22 15.06 32.44

Key: 95% wheat flour+ 5% differently processed African palm weevil flour: A =
blanched at 95 °C and sundried

B = steam blanched and sundried, C = steam blanched and oven dried at 60 °C, D =
blanched at 70 °C and oven-dried at 60 °C, E = blanched at 70 °C and sundried, F =
blanched at 95 °C and oven-dried at 60 °C and G = 100% wheat flour (Control).

Table 7: Sensory evaluation of chin-chin samples from wheat flour enriched with
edible insect African palm weevil flour.

Overall
Taste Colour Texture "
Acceptability

A 545+1.73%  6.70+1.34* 565+1.60° 570+1.72° 590+1.04°
B 6.75+1.37®  7.30+£1.03¢ 6.55+1.28* 6.60+1.76* 6.55+1.79%
c 6.88+1.41®  7.59+1.12% 7.06%1.20* 6.24 +1.52* 7.00 + 0.94*
D 5.60+1.272 5.45+1.322 590+1.41% 555+1.232 565+1.232
E 5.90+£1.86®  5.60+1.05® 5.90+£1.29® 6.25+1.41° 6.05+1.39%
F 5.75£1.62® | 6.00+1.45® 6.05+1.50® 6.20+1.88° 5.80+1.70°

G 715+£1.27°  7.95+094¢ 7.40£1.03° 7.10+1.892 7.45+1.57°

Values are mean #* standard deviation. Values in the same column with different
superscripts are significantly different at p < 0.05

Key: 95% wheat flour+ 5% differently processed African palm weevil flour: A
= blanched at 95 °C and sundried, B = steam blanched and sundried, C = steam
blanched and oven dried at 60 °C, D = blanched at 70 °C and oven-dried at 60 °C, E =
blanched at 70 °C and sundried, F = blanched at 95 °C and oven-dried at 60 °C and G
=100% wheat flour (Control).

&

Figure 3: Images of enriched chin-chin at (95% wheat flour: 5% African palm weevil
flour).
Key: 95% wheat flour+ 5% differently processed African palm weevil flour: A
= blanched at 95 °C and sundried, B = steam blanched and sundried, C = steam

blanched and oven dried at 60 °C, D = blanched at 70 °C and oven-dried at 60 °C, E =
blanched at 70 °C and sundried, F = blanched at 95 °C and oven-dried at 60 °C and
G = 100% wheat flour (Control)

acceptability, while samples B (steam blanched and sundried)
scored higher in texture. Taste and flavour scores were low in
samples A (blanched at 95 °C and sundried), while sample D
(blanched at 70 °C and oven-dried at 60 °C) scored lower in
colour, texture, and overall acceptability.

Conclusion

The successful incorporation of African palm weevil larvae
flour into chin-chin at a 5% inclusion level demonstrates a
promising avenue for nutritional enhancement of traditional
cereal-based snacks. The choice of pre-processing method
(blanching and drying) was found to be a critical factor
influencing the final product’s nutritional composition,
functional properties, and antioxidant activity. The significant
boost in protein, fat, fibre, and ash content confirms that APW
flour is a potent nutrient-dense ingredient. The observed
antioxidant activities, including DPPH scavenging and metal
chelation, suggest an added functional benefit beyond basic
nutrition, potentially contributing to health-promoting
properties.
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