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Abstract: Protein-energy malnutrition (PEM) is a persistent public health challenge in most developing countries. This study investigated
the protein nutritional value of wheat and wheat-sorghum biscuits fortified with longhorn grasshopper (Ruspolia differens) to determine
their suitability as a supplementary food. Fourteen diets were fed to male weanling Sprague-Dawley rats, including 11 isonitrogenous diets
with 10% protein prepared from 10 biscuit variations and skimmed milk powder as a reference, 1 protein-free diet, and 2 rehabilitation
diets made with wheat and wheat-sorghum biscuits fortified with 40% Ruspolia differens powder (RDP). The protein efficiency ratio, food
efficiency ratio, true and apparent protein digestibility, and net protein retention ratio results for the fortified biscuit diets were all negative,
with the exception of wheat biscuits supplemented with RDP 40%. The isonitrogenous diets maintained the rats with no substantial weight
gain or loss. Rats on rehabilitation diets gained weight rapidly, by 61% and 69% for wheat-sorghum and wheat diets, respectively. Weight
increase during rehabilitation was considerably higher (P < 0.05) by 50% and 54.6% in wheat-sorghum and wheat diet groups compared to
normal growth phases. The rehabilitated rats had a greater percentage of body weight than the experimental groups. The protein
digestibility-corrected amino acid score (PDCAAS) of fortified biscuits ranged from 26% to 33% for wheat biscuits and 22% to 32% for
wheat-sorghum biscuits. The digestible indispensable amino acid score (DIAAS) of the fortified biscuits varied from 47% to 60% for wheat
biscuits and 44% to 60% for wheat-sorghum biscuits. As a result, the fortified biscuits fell short of the minimum requirements of 70% for
PDCAAS and 75% for DIAAS in fortified protein diets. Furthermore, it appears that substituting 10% RDP to wheat-sorghum and wheat
biscuits does not promote rat growth. Fortification with 40% RDP, on the other hand, dramatically improves rat’s growth and
rehabilitation. Because of their high protein nutritional content, the biscuits fortified with 40% RDP could be used as a supplementary to
help rehabilitate malnourished children.
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In order to accomplish this, biscuits were developed from wheat
and wheat-sorghum flours fortified with Ruspolia differens powder
(RDP) at varying quantities”. They were considered important as
supplementary foods to alleviate PEM as they showed improved
protein, reactive lysine contents and increased in vitro protein

1 Introduction

Protein-energy malnutrition (PEM) resulting from undernutrition
is a severe public health burden in many resource limited
countries”. Undernutrition is implicated for poor health and up to

45% mortality in children under the age of 5 years”. It is also
associated with limited cognitive development, delayed motor
abilities, and lower educational attainment among young children".
Food-to-food fortification of commonly consumed cereals with
easily available foods high in protein has been suggested as one of
the sustainable strategies for addressing undernutrition in
developing nations"™. Sorghum, an important cereal in the diets of
young children in developing countries has low protein quality".
However, it can be processed into different food products such as
wheat-sorghum biscuits fortified with high protein foods, making it
a potential food vehicle for delivery of quality proteins to alleviate
PEM in young children”.

digestibility"”. Fortification of the biscuits with RDP improved the
protein content by 20% to 118% and 15% to 116% in
wheat-sorghum and wheat biscuits, respectively. The in vitro
protein digestibility improved by 14.6% to 42.5% in wheat-sorghum
biscuits and 8.6% to 65.8% in wheat biscuits while the reactive
lysine content increased by 25.4% to 218.6% in wheat-sorghum and
27.3% to 291% in wheat biscuits respectively compared to the
control biscuits. This improvement was attributed to the longhorn
grasshopper which is an edible insect found along the Lake Victoria
region of East Africa. It is rich in proteins ranging between
34.2%-45.8%""""" with amino acid scores of between 0.8 and 2,
which are sufficient for the daily needs of children based on the
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human amino acid reference standard established by Food and
Agriculture Organization of the United Nations (FAO)". Due to
these nutritional qualities, the use of the insect protein in the
formulation of high energy and protein supplementary foods to
alleviate PEM in young children has been suggested'*"". For
instance, researchers who developed an extruded composite flour
enriched with RDP found that the quantities of protein and energy
sufficiently met the needs of fast-growing infants and young
children™. In another study, cookies fortified with blanched, boiled
and toasted RDP were shown to be richer in proteins and amino
acids than the unfortified cookies"".

The protein content of a food may not effectively indicate how
beneficial the protein is for growth and development, particularly in
young children"". The use of clinical studies among humans is best
but animal assays are recommended as the most suitable alternative
method in determining protein quality specifically for children’s
food products’”. Animal models such as rats are commonly used
because they can be controlled more efficiently than humans over
longer periods of time, and the results can be extrapolated to
human requirements"”. These assays have been used to assess food
protein quality, depending either on the ability to promote growth
in young rats (protein efficiency ratio (PER)) or nitrogen retention
(net protein utilization)™. The computation is corrected by the ileal
or fecal protein digestibility in the protein digestibility-corrected
amino acid score (PDCAAS), or the ileal amino acid digestibility in
the digestible indispensable amino acid score (DIAAS)".

Though edible insects have been shown to have high protein
quality, amino acid composition, and high in vitro protein
digestibility™", there is need to assess their protein quality based on
metabolic and growth indicators™. Such studies have been
conducted by several researchers. For instance, a clinical study in
which infants were fed on cereal porridge fortified with caterpillar
powder reported no effect on stunting, wasting and underweight"’.
In vivo rat assays further demonstrate variations in insect protein
digestibility depending on species, stage of development of the
insect™, degree and techniques of processing”’. Reduction of
nitrogen retention in rats fed on diets formulated with oven-cooked
or autoclaved insects was attributed to negative modification
following heat treatment™. Insect processing can result in Maillard
glycation, thereby decreasing the protein digestibility of insect
powder in vivo™. In addition, adult insects from classes such as
Blattodea and Orthoptera have been reported to have low
digestibility". For example, locust which belongs to Orthoptera
enhanced nitrogen excretion”’ and was resistant to gut pepsin
digestion™ when fed to rats. This is attributed to high chitin
content in the locust, which rats are unable to digest. Consequently,
determining the in vivo protein digestibility of edible insect protein
would show differences in the protein quality of fortified products.
Despite their high protein content, it was considered necessary to
use a rat bioassay to evaluate the efficacy of the formulated
RDP-fortified wheat-sorghum and wheat biscuits as protein
supplements to alleviate PEM. Therefore, the objective of this study
was to determine the protein nutritional quality and the effect on
growth of wheat and wheat-sorghum biscuits fortified with RDP
compared to unfortified biscuits using a rat bioassay.

2 Materials and methods
2.1 Formulation and preparation of biscuit samples
The concept behind developing the biscuit for school-aged children

was drawn from a previous study” intending to fulfill

https://doi.org/10.26599/F SAP.2024.9240062

approximately half of the protein needs for school going children
aged 3 to 10 years. According to the acceptable macronutrient
distribution range (AMDR) recommended for this age group to
prevent PEM, the protein and energy requirement ranges from 10
to 30 g of protein per day™. Hence, the study aimed at providing a
minimum of almost half that amount, that equates to 13 g of
protein per day, with each biscuit containing 6.5 g of protein. Based
on the results of proximate analysis, preliminary computations were
made to establish formulations of both the RDP and the cereal
flours that would provide 6.5 g of protein in each biscuit.

Ten types of biscuits were used in this study. These included
5 wheat and 5 wheat-sorghum formulations fortified with RDP at
0%, 5%, 15%, 25%, and 40%. The basic ingredients for the 100%
wheat and wheat-sorghum (50:50, m/m) were 100 g of flour, 25 g of
sugar, 30 g of sunflower oil, and 6 g of vanilla essence. Water was
dependent on the treatment and ranged from 17.8% (40% RPD +
60% wheat biscuits) to 27.1% (40% RPD + 60% wheat-sorghum
biscuits) of total weight of ingredients. The biscuits were stored in
airtight plastic containers in the freezer at —18 °C until required.
The method of preparing and the nutritional composition of the
biscuits has been described elsewhere.

2.2 Diet formulation

The diets utilized in the present study were developed using the
Association of Official Analytical Chemists (AOAC) International
method 960.48"" with modifications. The final diets formulated had
10% crude protein by dry weight since the biscuit with the lowest
protein content (wheat-sorghum biscuit with 0% RDP) had
11.60 g/100 g, which was more than 10%. The biscuits used in the
diets were milled at medium speed for 3 min in a high-powered
mill (Kenwood Chef KMC 200; Kenwood Co., Ltd., Havant, UK).
The percentages of ingredients in the diets were determined from
the proximate compositions of the biscuits and skimmed milk
powder (Miksi, Promasidor (Kenya) Ltd., Nairobi, Kenya) (Table 1).

This study involved the preparation of 14 different diets. Eleven
diets were isonitrogenous, including 10% protein. The first 10 were
developed using wheat and wheat-sorghum biscuits supplemented
with 0%, 5%, 15%, 25%, and 40% RDP. The 11" was a reference diet
made from skimmed milk powder, as described by Chapman et al.”".
In order to achieve a 100% diet composition, biscuits and skimmed
milk powder were used instead of the basal diet’s 1:1 corn starch-
sucrose mixture (Table 2). The 12% baseline (protein-free) diet,
designed to assess the rats’ endogenous nitrogen excretion, was
made by replacing the test food with a corn starch-sucrose mixture.
The 13" and 14" diets were prepared for rehabilitation with the goal
of providing 20% protein for catch-up growth using wheat and
wheat-sorghum biscuit diets fortified with 40% RDP (the highest
RDP level), in accordance with formulations for fortified
complementary foods blends for young children™. All of the diets
were designed to supply sufficient nourishment through the
incorporation of 1% vitamins, 1% cellulose, 5% minerals, and 9%
fat content adjusted using corn oil. To formulate each diet, all of the
dry ingredients were mixed together for exactly 10 min in a
Kenwood food mixer (Kenwood Chef KMC200; Kenwood Co.,
Ltd, Havant, UK) set to moderate speed to ensure even
distribution. The oil was then added and mixed for another 10 min.
Each diet was kept in a separate zip-lock polyethylene bag in the
refrigerator at 4 °C until used. Before feeding, 15 g of dry feed from
each diet was mixed with 5 g of distilled water to moisten the feed
and make it less difficult for the rats to consume.
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Table 1 Proximate composition of wheat and wheat-sorghum biscuits fortified with Ruspolia differens powder (RDP) and skimmed milk powder (/100 g).

Group Moisture Protein Fat Ash Crude fiber Carbohydrate
Wheat-RDP biscuits
0% RDP 6.41 +0.41¢ 12.97 £ 0.19' 19.30 +0.90 0.76 £ 0.12¢ 0.84 + 0.00' 59.72 £ 0.78"
5% RDP 4.31 +£0.12¢ 14.90 + 0.388 20.97 £ 0.57¢ 0.81 £0.11¢ 1.38 £0.11" 57.64 £ 0.92¢
15% RDP 4.08 £0.00% 18.27 £ 0.32¢ 23.87 £0.48° 0.96+0.11°% 2.58 £0.12° 50.25 £ 0.29°
25% RDP 3.73 £ 0.00¢" 25.13 £0.21¢ 24.66 £ 0.21° 1.16 + 0.19¢ 3.51 +0.28¢ 41.80 + 0.528
40% RDP 3.23+£0.12 28.01 £0.23° 26.38 +0.31° 1.28 + 0.23% 5.65 +0.21° 35.47 £ 0.69'
Wheat-sorghum-RDP biscuits
0% RDP 4.56 + 0.00¢ 11.60 + 0.49 23.27 + 1.41¢ 1.06 + 0.12¢ 1.64 +0.11¢ 57.87 £ 1.31¢
5% RDP 4.48 + 0.00¢ 13.91 £ 0.31" 23.27 £ 0.11¢ 1.15+0.11¢ 2.21 +0.00° 54.97 £ 0.32¢
15% RDP 3.84 £ 0.00% 17.44 +0.52° 23.87 £ 0.48¢ 1.23+£0.11¢ 3.51 £ 0.00¢ 50.41 + 0.48°
25% RDP 3.54 £ 0.00" 20.33 £ 0.69° 23.93 £0.10¢ 1.46 + 0.10¢ 4.30 £0.12¢ 46.44 £ 0.78'
40% RDP 3.17 £0.12 25.29 £0.71¢ 24.47 £0.11% 1.77 £0.21° 5.60 +0.01° 39.70 £ 0.82"
Skimmed milk powder 3.00 20.00 30.00 5.50 0.00 41.50

Note: The results were expressed as mean + standard deviation; values with the different superscript letter in the same column indicated significantly

differences at P < 0.05 as assessed by Fisher’s least significant difference.

Table 2 Formulation of the experimental diets (g/kg dry basis).

. Wheat-RDP biscuits Wheat-sorghum-RDP biscuits Reference Basal  Rehab Rehab
Ingredients . . . .
0% 5%  15%  25%  40% 0% 5%  15%  25%  40% diet diet  diet-WH  diet-WS

100% WH + 0% RDP  616.80 0 0 0 0 0 0 0 0 0 0 0 0
95% WH + 5% RDP 0 536.90 0 0 0 0 0 0 0 0 0 0 0 0
85% WH + 15% RDP 0 0 437.88 0 0 0 0 0 0 0 0 0 0 0
75% WH + 25% RDP 0 0 0 318.34 0 0 0 0 0 0 0 0 0 0
60% WH + 40% RDP 0 0 0 0 285.62 0 0 0 0 0 0 0 714.04 0
100% WS + 0% RPD 0 0 0 0 0 689.66 0 0 0 0 0 0 0 0
95% WS + 5% RDP 0 0 0 0 0 0 575.14 0 0 0 0 0 0 0
85% WS + 15% RDP 0 0 0 0 0 0 0 458.72 0 0 0 0 0 0
75% WS + 25% RDP 0 0 0 0 0 0 0 0 393.52 0 0 0 0 0

60%WS + 40% RDP 0 0 0 0 0 0 0 0 0 316.32 0 0 0 790.82
Skimmed milk powder 0 0 0 0 0 0 0 0 0 0 400 0 0 0
Corn oil 90 90 90 90 90 90 90 90 90 90 90 90 90 90
Mineral mix 50 50 50 50 50 50 50 50 50 50 50 50 50 50
Vitamin mix 10 10 10 10 10 10 10 10 10 10 10 10 10 10
Cellulose 10 10 10 10 10 10 10 10 10 10 10 10 10 10

Sucrose 111.60 151.55 201.06 260.83 277.19 75.17 132.43 190.64 223.24 261.84 220 420 62.98 24.59

Corn flour 111.60 151.55 201.06 260.83 277.19 75.17 132.43 190.64 223.24 261.84 220 420 62.98 24.59

Total 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1 000 1 000 1000

Note: Vitamin and mineral mix (Chick Start, Vetcare Africa, Nairobi, Kenya); cellulose (wheat bran, locally milled), sucrose (Nzoia Sugar Company Ltd.,
Bungoma, Kenya); corn flour (Clovers, Tri Clover Industries Ltd., Nairobi, Kenya); corn oil (Elianto, BIDCO Africa Ltd., Thika, Kenya); Rehab diet-WH,
rehabilitation diet made from 40% RDP wheat biscuit; Rehab diet-WS, rehabilitation diet made from 40% RDP wheat-sorghum biscuit; RDP, Ruspolia

differens powder.

2.3 Animals and housing

Fifty-two weanling male Sprague-Dawley rats aged 3 to 5 weeks
were obtained from the University of Nairobi’s Zoology
Department in Kenya. The rats had an initial weight ranging from
35 to 94 g. They were confined in individual cages with wire mesh
bottomed screens to separate the faecal matter. An alternating
12-hour light/dark cycle with a mean temperature of 22 to 25 °C
and relative humidity of 40% to 60% was maintained. The animals
were maintained according to the National Research Council’s
guide for the care and use of laboratory animals™’.

The rats were acclimatized for 3 days from their arrival on
October 15 to October 17, 2021. During this time, the rats were fed
standardized laboratory irradiated rat pellets (Hindustan Animal
Feeds, Gujarat, India) in a 1:1 ratio to the designed diets. Each rat

Sci@®pen | hitps:/iwww.sciopen.com/joumal/2958-4124

was given 15 g meal per day. On the final day of acclimatization
(18 October, 2021), the rats began to feed only on the experimental
diets. After acclimatization on day 4, the rats were randomly
divided into 13 groups of 4 rats, with the condition that the average
weight of rats in any one group did not exceed 5 g of the average
weight of rats in another group.

The growth study lasted 28 days, from day 4 (18 October to 14
November, 2021). Before the experiment began, the rats’ weights
were taken on an electronic balance (Gebr. Bosch PE 625,
Germany) and repeated on alternate days throughout the study.
The first 8 groups were provided meals containing wheat and wheat-
sorghum fortified with RDP at doses of 5%, 15%, 25%, and 40%.
The 9" and 10" groups were fed unfortified wheat and
wheat-sorghum diets containing 0% RDP. The 11" group received

https://doi.org/10.26599/FSAP.2024.9240062
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skimmed milk powder (a reference diet). The 12* and 13" groups
were fed 2 diets. First, they were both provided a protein-free diet
for 11 days. On the 12* day of the growth study, the protein-free diet
was discontinued, and rehabilitation diets began. This is because the
rats had lost 20% of their initial weight. The 12" group was fed
wheat (40% RDP), whereas the 13" group was fed wheat-sorghum
(40% RDP). Throughout the study, the animals had ad [libitum
access to experimental diets and clean water. Daily records of each
rat’s food consumption were maintained. Each rat was fed 15 g of
food per day. Protein quality indices such as PER, feed efficiency
ratio (FER), and net protein retention ratio (NPRR) were calculated
using FAO/World Health Organization (WHO)" formulae.

The protein digestibility study ran for 5 days, from October 18 to
October 22, 2021. Each rat’s feces were collected daily in
polyethylene bags and stored at —18 °C until needed. NPRR, FER,
food intake, protein intake, and body weight gain or loss were
determined based on each rat’s daily food consumption and weight
gain/loss data.

24 Chemical analysis of faecal matter

Each rat’s faeces were collected and dried overnight at 100 °C in an
air circulation oven before being weighed and pulverized with a
laboratory mortar and pestle. Faeces from 4 rats fed the same diet
were mixed. Nitrogen in the feces was measured using the micro
Kjeldahl method™. Endogenous nitrogen losses were determined
from the faecal matter of rats fed a protein-free diet. The test diet’s
faecal nitrogen and nitrogen intake were used to determine
apparent protein digestibility (APD), faecal protein, and true
protein digestibility (TPD).

25 Computations
The following protein quality indices were calculated from the data
collected™ according to Egs. (1)-(5):

Weight gain (g)

PER (%) = 100 !
(%) Protein consumed (g) X @

Weight gain (g) + Weight loss in protein free diet (g) )

NPRR = Protein consumed (g)
I-F
I—-(F—F

TPD (%) = % % 100 (4)
. —F

Faecal protein (%) = % 100 (5)

Where I represented nitrogen intake of the test diet (g);
F represented faecal nitrogen loss on the test diet (g); F, represented
faecal nitrogen loss on a protein-free diet (g).

2.6 PDCAAS determination

The PDCAAS is the standard method for assessing protein quality
in food using human amino acid requirements™”. In the present
study, amino acid composition data for the respective biscuit
samples and their real digestibility values were utilized to calculate
the PDCAAS using the Egs. (6)-(7)"". Amino acid scores for 9
essential amino acids (histidine, isoleucine, leucine, lysine,
methionine, phenylalanine, threonine, tryptophan, and valine) were
calculated using a human pattern for amino acid requirements in
children aged 3 to 10.

https://doi.org/10.26599/F SAP.2024.9240062

Amino acid score =

Amino acid in 1 g test protein (mg) (6)
Amino acid in requirement pattern (children 3—10 years old) (mg)

PDCASS = TPD x Lysine score or limiting amino acid score (7)

2.7 DIAAS determination

DIAAS measures the available protein quality for regulatory
reasons and is best computed using ileal digestibility data™.
Nonetheless, faecal crude protein digestibility can be employed
when other options are unavailable. In this study, faecal nitrogen
was utilized to calculate DIAAS as follows:

DIAAS =
Weightofthe same dietary indispensable amino acid in1g of the dietary protein (mg) (8)

Weightof the same dietary indispensable amino acid in1g of the reference protein (mg)

2.8 Statistical analysis

Mean + standard deviation was used to present the results. All data
were subjected to one-way analysis of variance (ANOVA) and
means separated using Fisher’s least significant difference. P < 0.05
was considered significant. Statistical analysis were performed using
Minitab Release 18 Software (Minitab Inc., Pennsylvania, USA).

3 Results and discussion

3.1 Growth and rehabilitation studies

3.1.1 Protein nutritional quality

The PER, FER and NPRR values for the fortified wheat and wheat-
sorghum biscuit diets were negative except the wheat biscuit diet
fortified with RDP at 40% and the wheat-sorghum biscuit diets
fortified with RDP at 5% and 15% (Table 3). PER reflects protein
digestibility and amino acid bioavailability of a test protein. The
negative PER values for the fortified diets is attributed to the fact
that sulfur containing amino acids were limited in them that
support body tissue building and growth in rats and presence of
chitin. Similarly, negative PER values have been found in rats fed on
a grasshopper diet”. The negative NPRR values as the levels of
RDP in the diets increased may be attributed to low digestibility,
and loss of biological activity of amino acids a result of processing.
Because rats are unable to digest chitin from insect powder, the
amount of chitin in the diets may have had a negative effect on
digestibility™".

This therefore implies for the diets that resulted in the negative
values, more nitrogen was lost from the bodies of the rats compared
to what was retained. Researchers have demonstrated that the
nitrogen retention of diets formulated with oven-cooked or
autoclaved insects reduced in rats because the amino acid profile
was negatively modified by heat treatment™. These factors may also
explain the significant weight loss in the rats. Similarly, a high
protein diet formulated from grasshoppers (Sphenarium
purpurascens) did not cause an increase in body size, abdominal
circumference, or weight gain when fed to rats™. Another possible
explanation for the lack of increase in weight as the levels of RDP
increased in the diets is that there was an increase in the amount of
fecal lipids (results not shown). This increase could have led to a
low energy balance in the body of the rats as lipids are calorie dense.
The increase in the fecal lipid loss can be attributed to increased
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Table3 Growth indices of body weight, protein efficiency ratio (PER), food efficiency ratio (FER), and net protein retention ratio (NPRR) of rats fed on diets based on

10 variations of biscuits, a reference diet, and a basal diet in the first 10 days of the rat bioassay study.

Diet formulation PER (%) FER (%) NPPR Body weight gain (g)

Wheat biscuits
0% RDP -0.28 £ 0.00° -0.03 £ 0.00™¢ -0.69 £ 0.00° -2.43 £ 0.00*¢
5% RDP -0.57 £ 0.008 -0.06 + 0.00%" -1.09 £ 0.10¢ -3.90 + 0.00¢
15% RDP -0.41 + 0.00° -0.04 + 0.00** -0.94 + 0.00¢ -2.82 +0.00¢
25% RDP -0.14 £ 0.01¢ -0.01 + 0.00" -0.58 + 0.00" -1.12 + 0.00"
40% RDP 0.68 = 0.12° 0.07 + 0.00¢ 0.05 = 0.00° 3.93 £ 0.00°

Wheat-sorghum biscuits
0% RDP -0.98 £ 0.00' -0.09 £ 0.00# -1.35+£0.12f -9.48 £ 0.00"
5% RDP 0.87 £0.13 -0.08 £ 0.00% -1.36 £ 0.11° -6.40 £ 0.00°
15% RDP 0.07 £ 0.00¢ -0.01 £ 0.00° -0.59 £ 0.10™ -0.47 £ 0.00°
25% RDP -0.08 £ 0.00° -0.00 £ 0.00* -0.50 £ 0.11° -0.77 £ 0.00¢
40% RDP -0.66 £ 0.12" -0.06 £ 0.13¢ -1.26 £ 0.20° -3.97 £ 0.00°
Reference diet 0.44 £ 0.00° 0.04 £ 0.01* 0.02 + 0.00° 3.85 + 0.00°

Basal diet -0.07 £ 0.00° -7.11 £ 3.70¢

Note: The results were expressed as mean + standard deviation (n = 4); values with the different letter superscripts in the same column indicated significantly
differences at P < 0.05 as assessed by least significant difference. RDP, Ruspolia differens powder.

amount of crude fiber from the grasshopper’s exoskeleton in the
diets as fortification levels increased (Table 1). Studies have shown
that feeding rats chitin derived from the exoskeleton of edible
insects leads to a reduction in intestinal lipid absorption. Also,
feeding Zucker rats with chitin from Tenebrio molitor exerted
antilipidemic effects on the rats™.

3.1.2 Rehabilitation studies

Figure 1 shows the effect of the diets on growth of rats. The
isonitrogenous diets with 10% protein, both fortified and
unfortified, did not have an effect on rat growth and acted as a
maintenance diet, as the rats did not gain or lose weight. This kind
of response has been observed in diets that do not have adequate
protein. Previous studies have established that sorghum only diets
fed to rats caused weight loss, and they attributed it to poor quality
of protein in the diets that did not support any growth™. For the
fortified diets, this finding suggested that for RDP diets to have a
significant effect on growth, RDP levels ought to be higher than the
10% used in this study. Furthermore, the deficiency of sulfur
containing amino acids may have limited the growth of the rats as
explained earlier.

Tl -=T2 —4T3 T4
*T5 o T6 —+T7 —Ts

200 F 19 o Ti0 -= RehabWS — Rehab WH

150 Milk powder

100

Mean weight gain (g)

0
0 2 4 6 8 1012 14 16 18 20 22 24 26 28
Time (day)

Figure1 Mean weight increases in rats on unfortified and fortified wheat and
wheat-sorghum biscuit diets for 28 days. T1, 100% wheat-sorghum; T2, 100%
wheat; T3, 5% RDP wheat-sorghum; T4, 5% RDP wheat; T5, 15% RDP wheat-
sorghum; T6, 15% RDP wheat; T7, 25% RDP wheat-sorghum; T8, 25% RDP
wheat; T9, 40% RDP wheat-sorghum; T10, 40% RDP wheat; Rehab WS,
rehabilitation diet made from 40% RDP wheat-sorghum; Rehab WH,
rehabilitation diet made from 40% RDP wheat biscuit; RDP, Ruspolia differens
powder.
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The rats on protein-free diets lost weight by 10.8% up to the 10" day.
When fed the rehabilitation diets they rapidly gained weight from a
mean group weight of 84.3 to 135.9 g for wheat-sorghum and 84.2
to 1424 g for wheat diets, respectively. The rate of weight gain
during rehabilitation was significantly higher (P <0.05) by 50% and
54.6% in the groups fed on wheat-sorghum and wheat diets
respectively compared to the unfortified cereal diets. At the end of
the study, the rats on the rehabilitation diet had higher weight than
the other experimental groups. This is attributed to the high protein
content (20%) of the diets which provided enough proteins for
catch-up growth. The rats fed on the skimmed milk powder
showed the highest growth compared to the rehabilitation diets
formulated from the wheat and wheat-sorghum biscuit diets
fortified with 40% RDP. Comparably, diets supplemented with
cricket and termite powders caused rapid growth in malnourished
rats'”, suggesting that edible insects may provide an alternative
nutrient-dense protein source for combating the effects of early-life
malnutrition in humans.

The growth pattern seen among rats fed on the rehabilitation
diets has been observed in malnourished children. In a similar
manner, rapid weight gain and increase in other growth parameters
when undernourished children are rehabilitated with high energy,
high protein supplementary diets has been reported”. In this
study, the rates of catch-up growth were 2 to 3 times the average
daily rate of growth. Accelerating catch-up growth is advantageous
because it reduces the length of hospitalization or
community-based nutrition rehabilitation centers therefore
reducing the cost of treatment™.

The wheat based diets caused higher growth than the
wheat-sorghum based diets. Studies have shown that wheat protein
is more digestible compared to sorghum proteins. Wheat has been
found to have a higher digestibility (81%) compared to wheat
(46%)". The high digestibility of wheat is attributed to low crude
fiber and absence of tannins'”. On the other hand, researchers have
demonstrated that the poor digestibility of sorghum protein is
caused by the dense internal grain structure, presence of
polyphenols and phytic acid, formation of disulfide and
non-disulfide crosslinks, protein hydrophobicity and changes in
secondary structure induced during wet cooking . Such protein
crosslinks may reduce the digestibility and biological value of food
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proteins, as a protein with high digestibility has a higher nutritional
value than one with low digestibility because it provides more
amino acids for absorption during proteolysis"’, explaining the high
growth rate in the wheat based diets than the wheat-sorghum based
diets.

3.2 In vivo protein digestibility

The food intake of the rats significantly reduced with increase in the
level of fortification (Table 4). The wheat and wheat-sorghum
biscuit diets had reductions of 18.3% to 37.3% and 11.7% to 37.4%
respectively compared to the unfortified biscuit diets. Additionally,
the food intake was lowest (27.85 and 27.88 g) when both wheat and
wheat-sorghum were replaced with 40% RDP. The reduced food
intake as the levels of RDP increased in the diets may be attributed
to the presence of compounds in the insect powder, which
negatively affect palatability. Similarly, diets supplemented with
termite, grasshopper and moth caterpillar powders had reduced
intake compared to cricket supplemented diets attributed to
differences in palatability of the insect diets™. It is possible that in
the wild, many insect species sequester compounds from their food
plants, which cause them to be unpalatable™. The low food intake
might also be explained by deficiency or imbalance of amino acids
in the protein source". For instance, in this study, the diets were
deficient in sulfur amino acids, methionine + cysteine (Table 5),
therefore did not meet the high nutritional requirements of the rats.
However, the amino acid quantities in the diets adequately met the
requirements for young children (Table 5).

The presence of chitin may also have led to reduction in food
intake in the rats by suppressing appetite”, increasing intestinal
food volume as it is indigestible and probably inducing satiety™”.
Food consumption in rats could be modulated by the indigestible
food volume reaching the small intestine™. A previous study
reported reduced food intake in Wistar rats fed on diets rich in
insoluble fiber™. Among human subjects, pancakes fortified with
30% Alphitobius diaperinus and addition of 20% and 30% Acheta
domesticus powders were highly satiating and caused reduction in
the amount of food intake"”.

Fortification with RDP increased lysine content (Table 5) by
2.9% to 32.8% and 6.7% to 47.9% in the wheat and wheat-sorghum
diets respectively compared to the 100% cereal diets, which in the
presence of sugar and high baking temperature may increase the
quantities of Maillard reaction products (MRPs). Studies have
shown that feeding rats with diets rich in MRPs causes a reduction
in the amount of food intake. Researchers have demonstrated that
consumption of diets containing bread crust fractions and infant
formula supplemented with MRPs decreased food intake in rats® ",

The highest food intake was by rats fed with wheat and
wheat-sorghum diets with 0% RDP, which were the same as the
skimmed milk powder and basal diets (Table 4). Low protein diets
may increase total food intake in order to satisfy protein
requirements. Similarly, feeding rats a low protein diet increased
the daily food intake, consequently increasing the protein supply’.

The fecal weight of rats fed on 100% wheat-sorghum biscuit diet
was 297% and 170% higher than that for the skimmed milk powder
and 100% wheat biscuits (Table 4). This may be explained by the
formation of enzyme-resistant starch and available kafirins during
thermal processing of sorghum making the diets less digestible .
Higher faecal bulk of 52% to 62% for rats fed a diet with 100%
sorghum compared to casein and sorghum-soy diet fed rats,
respectively has also been reported™. Similarly, faecal weight of rats
fed an unfortified wheat-sorghum bun diet was 59% higher than in
rats fed a reference diet have been reported". In the fortified wheat
biscuit diets, fortification at 40% RDP led to the least faecal matter,
while fortification at 25% produced the highest fecal matter. This
trend was similar in the wheat-sorghum biscuit diets. This may be
explained by the fact that the diets with the 40% RDP diet
contained higher protein content than 25% RDP diets, and
therefore were more digestible.

Table 4 shows that increase of RDP in both wheat and
wheat-sorghum biscuit diets reduce protein intake by 182% to
37.2% and 11.7% to 37.4% respectively compared to the unfortified
diets. The protein faecal output also increase by 100% to 245.6%
and 39.7% to 167.9% in wheat and wheat-sorghum biscuits
respectively as fortification levels increased compared to the 100%

Table4 Food intake, fecal weight, protein intake, protein fecal output, and protein retention of rats fed diets based on 10 variations of biscuits, a reference diet, and a

basal diet.

Diet formulation Food intake (g) Fecal weight (g) Protein intake (g) Protein fecal output (g) Protein retention (g)

Wheat biscuits
0% RDP 4442 +2.13° 1.15 + 0.57% 4.44 +0.22° 0.68 + 0.10° 3.76 £ 0.11°
5% RDP 34,58 + 1.80™ 1.25 + 0.18°f 3.46 £ 0.23" 1.65 + 0.10¢ 1.81 + 0.32
15% RDP 32.27 +7.42" 0.95 + 0.51% 3.23 +£0.68¢ 1.36 £ 0.00¢ 1.86 + 0.67"
25% RDP 36.28 + 1.30™ 1.53 £ 0.60" 3.63 +0.13" 2.35 £ 0.00* 1.28 £ 0.11*
40% RDP 27.85£5.10¢ 0.88 £ 0.21¢ 2.79 + 0.47¢ 2.04 + 0.00° 0.74 £ 0.50°

Wheat-sorghum biscuits
0% RDP 4455+ 1.17° 3.10 + 0.60° 4.46 £0.19° 0.78 + 0.20" 3.67 £0.37*
5% RDP 35.77 + 3.61"* 1.44 + 0.76* 3.58 + 0.42" 1.75 £ 0.09¢ 1.89 + 0.42¢
15% RDP 33.30 + 6.00™ 1.58 + 0.39" 3.33+£0.61¢ 1.09 £ 0.00° 2.23 +0.61%
25% RDP 39.35 + 5.42* 1.70 £0.11° 3.94 +0.52* 1.47 £ 0.00¢ 2.46 + 0.53"
40% RDP 27.88 £ 1.58¢ 1.10 + 0.10< 2.79 £0.20¢ 2.09 +0.00° 0.69 + 0.22¢
Reference diet 44.25 £ 6.71° 0.78 +0.11° 4.43 +0.68" 0.44 + 0.00¢ 3.99 £ 0.68*

Basal diet 43.97 £9.42° 0.95 +0.19¢

Note: The results were expressed as mean + standard deviation (n = 4); values with the different letter superscripts in the same column indicated significantly
differences at P < 0.05 as assessed by least significant difference. RDP, Ruspolia differens powder.
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Table5 Amino acid score for control and test diets (mg/g protein) with FAO requirement pattern for children aged 3—10 years and NRC amino acid reference pattern

for rats.
Amino acid Skimmedmilk o swH 1swH  2swH 4owH ows  sws 1sws  2sws  dows a0 NRC
powder (2013)! (2011)?
Histidine 27.13 2229 24.76 26.54 29.32 33.59 23.56 2521 27.67 30.61 35.78 16 19
Isoleucine 60.51 37.87 39.56 41.36 4321 46.55 35.78 38.65 42,58 46.88 50.69 30 41
Leucine 97.95 115.32 117.56 120.11 122.67 127.33 110.34 115.21 118.45 121.45 126.11 61 71
Lysine 79.31 2594 26.71 27.89 31.21 34.45 23.32 24.89 27.23 31.43 34.48 48 61
Met + Cys 34.32 33.78 34.67 36.12 37.33 39.43 32.76 34.87 37.62 38.21 39.9 23 65
Phe + Tyr 69.58 71.48 71.99 73.67 75 76.87 71.32 73.44 74.88 76.98 80.32 41 68
Threonine 4513 37.67 38.43 39.81 4251 4333 36.98 37.67 39.21 42.88 46.32 25 41
Tryptophan 14.10 14.01 15.01 16.23 18.43 19.22 14.32 15.88 17.89 22.98 2521 6.6 13
Valine 66.92 51.46 5241 55.94 56.77 60.23 49.87 51.36 56.82 61.67 63.85 40 49
Protein (%) 36.16 12.97 14.9 18.27 2513 28.01 11.6 13.91 17.44 20.33 25.29
Total 494.95 409.82 4211 437.67 456.45 481 398.25 417.18 442.35 473.09 502.66
TPD (%) 96.63 51.17 46.97 50.93 33.11 46.41 47.14 43.35 54.98 42.47 44.42
Limiting amino acid (3-10 years) None Lysine Lysine Lysine Lysine Lysine Lysine Lysine Lysine Lysine Lysine
Lysine score (3-10 years) 1.65 0.54 0.56 0.58 0.65 0.72 0.49 0.52 0.57 0.65 0.72
PDCAAS (3-10 years) 1.00 0.28 0.26 0.30 0.22 0.33 0.23 0.22 0.31 0.28 0.32
Limiting amino acid (rat) Met + Cys  Met + Cys Met + Cys Met + Cys Met + Cys Met + Cys Met + Cys Met + Cys Met + Cys Met + Cys Met + Cys
Lysine score (rat) 0.53 0.52 0.53 0.56 0.57 0.61 0.50 0.54 0.58 0.59 0.61
PDCAAS (rat) 1.00 0.28 0.26 0.30 0.22 0.33 0.23 0.22 0.31 0.28 0.32

Note: ' Amino acid reference pattern for children aged 3-10 years were obtained from FAO (2013); > Amino acid reference pattern for rats were obtained
from National Research Council (NRC) amino acid reference pattern for rats (NRC, 2011); indispensable amino acid scores for the skimmed milk powder
were obtained from USDA (2018); Met + Cys, methionine + cysteine (sulfur amino acid); Phe + Tyr, phenylalanine + tyrosine (aromatic amino acid);
PDCAAS, protein digestibility corrected amino acid score; TPD, true protein digestibility. Acronyms for wheat-RDP biscuits: OWH, 100% wheat, 5WH, 5%
RDP wheat, 15WH, 15% RDP wheat, 25WH, 25% RDP wheat diet, 40WH, 40% RDP wheat diet. Acronyms for wheat-sorghum biscuits: OWS, 100% wheat-
sorghum diet, 5WS, 5% RDP wheat-sorghum diet, 15WS, 15% RDP wheat-sorghum diet, 25WS, 25% RDP wheat-sorghum diet, 40WS, 40% RDP wheat-

sorghum diet.

cereal biscuit diets. As a result, protein retention decreased by 50.5%
to 80.3% in wheat and 32.9% to 81.2% in wheat-sorghum biscuit
diets as RDP levels increased. Protein intake from unfortified diets
was similar to intake from the reference diet. This may possibly be
explained by the low food intake as the fortification levels increased.
Also, the amount of chitin in the diets may have had an influence
on digestibility of the diets since rats are unable to digest chitin
from insect powder”. This implies that the high levels of
indigestible proteins in the fecal matter indicate that higher
amounts of amino acids are bound to chitin and therefore were not
digested. Also, migratory locust protein has been found to be
resistant to gut pepsin but digestible by intestinal trypsin and
chymotrypsin™. Because of this, the protein retention decreased
significantly as the fortification levels with RDP increased. The
reduction in the protein retention may have been possibly caused
by imbalance in the sulfur containing amino acids as explained
earlier. For instance, low nitrogen retention in rats fed on Tenebrio
molitor and Acheta domesticus powders supplemented diets
compared with control casein diet has been reported™.

The APD of the fortified biscuit diets reduced with increase in
RDP levels (Table 6). Compared to the unfortified diets, there was
reduction in APD by 13% to 29% and 9% to 29% in wheat and
wheat-sorghum biscuit diets, respectively. The APD of the control
biscuit diets was similar to the reference diet. The TPD of the
fortified biscuits diet reduced with increase in RDP levels. There
was reduction in TPD by 45% to 64% and 41% to 54% in wheat
biscuit and wheat-sorghum biscuit diets respectively when
compared to the reference diets. TPD indicates how well a protein
is digested which is a measure of the bioavailability of amino acids
present in a protein®. The lower TPD of the insects compared to
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skimmed milk powder may be a result of the presence of chitin,
and high temperature processing and formation of MRP.

Table 6 Indices of apparent protein digestibility (APD) and true protein
digestibility (TPD) of diets based on 10 variations of biscuits, and a reference diet.

Diet formulation APD (%) TPD (%)
Wheat biscuits
0% RDP 92.32 £ 0.89° 51.17 £ 3.71%
5% RDP 76.05 + 0.71¢ 46.97 + 3.70
15% RDP 80.21 + 0.30¢ 50.93 + 0.52"
25% RDP 71.51 £0.61° 33.11+041°
40% RDP 65.93 + 3.87" 46.41 + 3.86*
Wheat-sorghum biscuits
0% RDP 92.08 £ 1.72° 47.14 + 3.51¢
5% RDP 76.21 £ 2.86° 43.35 + 1.87*
15% RDP 84.09 £ 2.01° 5498 +5.28"
25% RDP 83.06 + 2.39" 42.47 + 3.49¢
40% RDP 65.34 + 5.42° 44,42 + 4.87*
Reference diet 92.64 £ 0.00* 93.04 + 0.88*

Note: The results were expressed as mean + standard deviation (n = 4);
values with the different letter superscripts in the same column indicated
significantly differences at P < 0.05 as assessed by least significant
difference. RDP, Ruspolia differens powder.

3.3 Protein evaluation from PDCAAS

The effect of compositing wheat and wheat-sorghum with RDP on
essential amino acid composition of the experimental biscuits has
been published elsewhere”. Table 5 shows the quantities of the
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indispensable amino acids in the skimmed milk powder and
experimental food products relative to the FAO reference patterns
for 3 to 10 and 1 to 2 years old children” and the National
Research Council (NRC) reference pattern for growing rats“’. The
PDCAAS reflects the estimated ability for the food product to meet
the protein needs of an individual™. The 3 to 10 years old amino
acid scoring pattern is recommended by WHO/FAO/UNU Expert
Consultation™ for evaluating protein quality for school children
and adolescents. The casein diet had an amino acid pattern that is
considered adequate for both preschool and school children.
Fortification with RDP increased the PDCAAS of the fortified
compared to the unfortified biscuits. For instance, there was an 18%
increase in the PDCASS of both wheat and wheat-sorghum diets.
The PDCAAS of the diets ranged between 0.26 and 0.33 for wheat
diets, and 0.22 and 0.32 for wheat-sorghum diets. In these diets, the
most limiting indispensable amino acid was lysine. However, it is
important to note that none of the biscuits met the minimum score
of 0.7 of skimmed milk powder recommended by FAO/WHO
Codex Alimentarius Committee’”. The control biscuits were
deficient in lysine, which is required for growth and development of
young children. A PDCAAS of 0.46 has been reported in rats fed
with grasshopper powder™. According to the NRC", young rats
require more lysine, sulfur-containing amino acids, and all other
essential amino acids than children aged 3 to 10 (Table 5). The
skimmed milk powder was insufficient in sulfur-containing amino
acids, as evidenced by a low PDCAAS based on the most limiting
amino acids. Rats require higher levels of these amino acids to
maintain hair development. Because of their high requirements,
sulphur amino acids (methionine + cysteine) were the first limiting
amino acids for rat growth in all of the experimental diets studied.

Previous studies have demonstrated that Ruspolia differens is
deficient of these amino acids"“. Edible insects such as
mealworms, house cricket, Mormon cricket and Eastern tent
caterpillar are deficient in sulfur containing amino acids™”. The
results in this study imply that since the amino acid requirements of
the rat are much higher than those of children, growth patterns
observed in this study would probably be higher in preschool and
school children if they consumed the fortified wheat-sorghum and
wheat biscuits. A protein source that supports modest growth in
rats would promote optimal growth in children®.

3.4 Protein evaluation from DIAAS

The DIAAS were calculated using the lysine score from the
reference and test diet, as it is the first limiting amino acid for
children aged 6 months to 3 years™. Table 7 demonstrates that the
DIAAS for fortified wheat biscuits varied from 46% in unfortified
biscuits to 60% in 40% RDP fortified biscuits. In wheat-sorghum
biscuits, unfortified biscuits had a DIAAS of 41%, whereas 40%
RDP fortified biscuits had a value of 60%. These diets, however, did
not achieve the minimum DIAAS of 75% proposed for dietary
protein quality evaluation in human nutrition. This result is
consistent with the previous research that reported DIAAS of 44%
to 69% when sorghum buns were fortified with snail meat
powderl. This suggests that the lysine content of the biscuits
should be enhanced to meet the indispensable amino acid
requirements of children aged 6 months to 3 years old by fortifying
with RDP in amounts above 40%. Furthermore, the amino acid
score could be enhanced by extracting chitin from the insect
powder or utilizing a protein isolate from it.

Table 7 Protein intake of the control and test diets (mg/g protein) with the amino acid requirement based on pattern for children 6 months to 3 years.

Aminoacid  Milk powder OWH 5WH 15WH 25WH 40WH 0WS 5WS 15WS 25WS 40WS

Histidine 1.36 1.11 1.24 1.33 1.47 1.68 1.18 1.26 1.38 1.53 1.79
Isoleucine 1.89 1.18 1.24 1.29 1.35 1.45 1.12 1.21 1.33 1.47 1.58
Leucine 1.48 1.75 1.78 1.82 1.86 1.93 1.67 1.75 1.79 1.84 1.91
Lysine 1.39 0.46 0.47 0.49 0.55 0.60 0.41 0.44 0.48 0.55 0.60
Met + Cys 1.27 1.25 1.28 1.34 1.38 1.46 1.21 1.29 1.39 1.42 1.48
Phe + Tyr 1.34 1.37 1.38 1.42 1.44 1.48 1.37 1.41 1.44 1.48 1.54
Threonine 1.46 1.22 1.24 1.28 1.37 1.40 1.19 1.22 1.26 1.38 1.49
Tryptophan 1.66 1.65 1.77 1.91 2.17 2.26 1.68 1.87 2.10 2.70 2.97
Valine 1.56 1.20 1.22 1.30 1.32 1.40 1.16 1.19 1.32 1.43 1.48
TAA ref ratio 1.39 0.46 0.47 0.49 0.55 0.60 0.41 0.44 0.48 0.55 0.60

DIAAS (%) 127 (SAA) 46 (Lys) 47 (Lys) 49 (Lys) 55 (Lys) 60 (Lys) 41 (Lys) 44 (Lys) 48 (Lys) 55 (Lys) 60 (Lys)

Note: The amino acid requirements are based on pattern for children 6 months to 3 years according to FAO"”. DIAAS were determined based on the least
value of ‘digestible indispensable amino acid (IAA) reference ratio’” expressed as percentage for each reference pattern. Met + Cys, methionine + cysteine
(sulfur amino acids); Phe + Tyr, phenylalanine + tyrosine (aromatic amino acids). Acronyms for wheat-RDP biscuits: OWH, 100% wheat; 5WH, 5% RDP
wheat; 1I5WH, 15% RDP wheat; 25WH, 25% RDP wheat diet; 40WH, 40% RDP wheat diet. Acronyms for wheat-sorghum biscuits: OWS, 100% wheat-
sorghum diet; 5SWS, 5% RDP wheat-sorghum diet; 15WS, 15% RDP wheat-sorghum diet; 25WS, 25% RDP wheat-sorghum diet; 40WS, 40% RDP wheat-

sorghum diet. RDP, Ruspolia differens powder.

4 Conclusion

Fortification of wheat and wheat-sorghum biscuits with 40% RDP
promotes rat growth. At 10% protein content, the fortified diets
functioned as maintenance diets and did not promote growth.
Supplementation with RDP lowers NPR, PER, and TPD in wheat
and wheat-sorghum biscuits while enhancing PDCAAS and

https://doi.org/10.26599/F SAP.2024.9240062

DIAAS. The diets failed to meet the recommended minimum
PDCAAS of 70% and DIAAS of 75% for assessing protein quality
in diets.
supplemented with 40% RDP have the greatest potential to facilitate
rehabilitation in malnourished children due to their high
protein content.

However, wheat and wheat-sorghum biscuits
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