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Introduction 

Currently, the cost of food item has increased astronomically all over the world with Nigeria having her own portion in a more dramatic 
increase leading to the diversification of interest to carbohydrate rich food. Carbohydrate foods are most consumed food among house-
holds with its consequent effect on protein deficiency among vulnerable groups (pregnant mothers and infants). The prevalence and 
incidence of protein-energy malnutrition has been identified as one of the most important public health problems in Africa, especially in 
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Abstract
The nutritional composition and sensory properties of masa produced from rice enriched with edibles insects [grasshopper 

(Zonocerus variegatus) and caterpillar (Lepidopteran larva)] were evaluated. The rice, grasshopper and caterpillar flour were 
blended in the ratios of 100:0 (control), 95:5, 90:10, 85:15, 80:20, 75:25 respectively. Sensory attributes, proximate compositions 
and amino acids profile were determined using standard analytical methods. The result showed that control sample (100% rice-
masa) was preferred by consumers with a mean score above 7 in all the sensory parameters considered. Similarly, the result also 
shows significant (p < 0.05) increase in protein, ash, fibre, and carbohydrate contents while ash and moisture content decrease 
significantly in the enriched masa. Again, essential amino acid distributions histidine, isoleucine, leucine, methione, phenylalanine, 
threonine, tryptophan, valine, lysine and the non-essential amino acid arginine, glutamate, cysteine, glycine, proline, serine, alanine, 
aspartate, tyrosine enriched with 15 and 25% caterpillar increased significantly (p < 0.05). Also, the essential and non essential 
amino acid contents in samples enriched with 5, 10 and 20% grasshopper were significantly increased (p < 0.05). This study shows 
that enriching rice-masa with grasshopper and caterpillar has the potential of raising the nutritional status of the snack. Thus, this 
may be recommended as snack or breakfast meal for school feeding program as well as a possible means in fighting hidden hunger 
and malnutrition. This research showed that caterpillar and grasshopper used as enriching agents could serve as excellent sources of 
protein to combat protein-energy malnutrition and supply limiting amino acids to the rice-based masa.
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Nigeria [1,2]. Several attempts have been made to combat this nutritional problem, but the strategies seem to be far from the solution be-
cause they are expensive, mostly imported, and not readily available to the rural and average households in the country. Therefore, there 
is the need to source for alternative means that meets the protein needs of the populace. Protein-energy malnutrition among preschool 
children is a major public health problem across the country. Nutritious food of high protein and energy value based on cereal-legume 
combination have been suggested by several authors [3,4]. 

In African countries, traditional foods such as masa play a critical role in the nutrition of the population. Masa is a fermented single - 
cereal based puff food commonly consumed as a breakfast cake or snack in the Northern region of Nigeria by the Hausa and Fulani people 
[5]. It could be eaten alone or together with soup. Masa being a cereal based food could be prepared from rice (Oryza sativa L.), maize (Zea 
mays), millet (Pennisetum typhoideum) or sorghum (Sorghum vulgare) [6]. 

The most common one is the rice-based masa and the other ingredients for its preparation are active dry yeast, sugar, water, potash 
and salt. To produce, the rice is milled into flour and grits. The grits are cooked and eventually mixed with the flour (1:2). The paste is 
eventually fermented for 12 - 16h with yeast, the obtained batter is neutralized with trona (potash) and toasted in pans with individual 
cuplike depressions [7]. Microorganisms which have been isolated during rice masa production include lactic acid bacteria such as, Lac-
tobacillus plantarum, Pediococcus sp. and Micrococcus sp., and fungi: Aspergillus, Penicillium, Rhizopus and Saccharomyces sp. [8]. The 
production of ‘masa’ is, however, carried out mainly by lactic acid bacteria and the yeast S. Cerevisiae [8]. Like other single-cereal-based 
foods, masa is deficient in the essential amino acid, lysine, threonine, and methionine. The masa contains about 80% of starch, with the 
mixture of amylase and amylopectin. However, masa is rich in B-complex vitamins; it has little quantity of vitamin A, D and C. Also, it 
contains minerals like calcium, phosphorus and iron. It is a good source of protein, calories and vitamins, especially B-complex vitamins, 
compared to the raw unfermented ingredients [9].

Although rice is rich in many macros and micronutrients that is useful for human growth and development, it lacks the lysine and tryp-
tophan. Therefore, its daily consumption has been associated with severe protein malnutrition, causing cases like Kwashiorkor, Marasmus 
in children [10], and susceptibility to diseases like tuberculosis and gastroenteritis [11]. 

Therefore, combining this rice with a protein rich source that can supply all essential amino acids required by man would not only 
boost the protein content of the rice but also the nutrient density of the Masa [10]. Furthermore, edible insects have been reported have 
the potential to be a sustainable, healthy, accessible, nutrient-rich, and palatable food source, with over 2100 species consumed in over 
113 countries across Africa, Asia, and Latin America [12].

The consumption of insects has recently received more attention because of its promising potential in contributing to livelihoods and 
mitigating food security problems around the world [13]. The increase in food prices as a result of the possibility of world population 
being about 9 billion by 2050, will prompt the search for cheap alternative sustainable protein sources. Entomophagy, which refers to the 
consumption of insects by humans, is an environmentally friendly approach to increasing food for consumption, and contributing to food 
security across the world [13]. They also have the potential to solve the environmental issues associated with the conventional supply 
chain [14].

Although, some variations are present in the nutritional composition of the edible insects based on their diet, developmental stage, sex, 
species, growth environment, and analytical methods employed [15]. They have been reported to contain more protein than conventional 
animal protein sources like meats (20%) and chicken eggs (25%) [16]. Averagely, edible insects have protein in the ranges of 35 - 60% dry 
weight and 10 - 25% fresh weight [17]. Edible insects in Orthoptera family; crickets, grasshoppers, locusts; are highly rich in protein [18].

Several review articles have been written on edible insects and research has been conducted to maximize their values, harness their 
food potential and solve issues of food security. Several studies have reported that most of the foods consumed by children in many parts 
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of developing nations are deficient in essential macro and micronutrients [19-24]. In view of these nutritional problems, several strate-
gies have been used to formulate food [25,26] through a combination of locally available under-utilized food crops that complement each 
other.

To the best of our knowledge, no research has utilized edible insect in boosting the nutritional density of rice-based cake (masa). 
Therefore, this research studies the impact of two edible insects; Caterpillar (Lepidopteran larva) and Grasshopper (Zonocerus varie-
gates), on the nutritional quality, amino acid profile and sensory acceptability of masa.

Materials and Methods

Materials

White rice grains (Oryza sativa) 900g, Royal Instant Dry Yeast 34g, trona (sodium bicarbonate) 4g, salt, vegetable oil, onions, sugar and 
potash used for this study were purchased at new market Wukari, Taraba state. 

Fresh grasshoppers and caterpillars were washed and cleaned and roasted in fry pan after the samples were seasoned with salt. 
Roasted grasshoppers (500g) and caterpillars (500g) were also purchased from a local seller at Wukari, Taraba State.

Methods

Insect processing

The roasted insects (grasshopper and caterpillar) were further oven dried (Model NL-9023A, NLMI, England) at 50°C until dried. The 
dried insects were milled in a locally fabricated miller into powder and packaged separately in an airtight container until needed.

Rice preparation

The white rice was prepared by washing 500g as shown in figure 1 below. After washing, 125g was weighed and cooked by boiling in 
potable water until it softens. The remaining 375g of the rice sample was soaked for six hours. After which the 125g boiled rice was mixed 
with the 375g-soaked rice and packaged for further processing.

Figure 1: Flow chart for rice preparation.
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Experimental design

A completely randomized design (CRD) was used and is presented in table 1 below. 

Samples Rice (%) Caterpillar (%) Grasshopper (%)
RM (Control) 100 - -
RCM1 95 5 -
RCM2 90 10 -
RCM3 85 15 -
RCM4 80 20 -
RCM5 75 25 -
RGM1 95 - 5
RGM2 90 - 10
RGM3 85 - 15
RGM4 80 - 20
RGM5 75 - 25

Table 1: Experimental design for rice-edible insect enrichment.

Masa preparation

Masa was prepared using the modified method of Owusu-Kwarteng and Akabanda [27] (2014) (Figure 2 below). The prepared rice 
mixture was wet milled into fine paste. The paste was divided into two portions of equal weight. Each portion was divided into five 
samples (A-E and F-J). To the first rice portions 5, 10, 15, 20 and 25g of caterpillar powder were added to give samples RCM1-RCM5. To 
the second rice portions 5, 10, 15, 20 and 25g of grasshopper powder were added to get samples RGM1-RGM5. This is done in accordance 
to the design given in table 2 above. A control prepared from 100% rice was also prepared. The mixture was formulated according to the 
recipe (Table 1 above), baker-yeast (4g) was added to each of the paste and was allowed to ferment for 3 hr. Trona water (24 ml), Sugar 
(15g) and salt (1g) were mixed and added to the fermented batter, it was stirred vigorously. Batter was taken using a medium-sized spoon 
and fried in a cuplike depression with little oil as done in pancake making for 5 - 8 min.

Figure 2: Flow chart for Masa production [27].
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Analytical methods

Proximate analysis of masa

Proximate composition including moisture content, Ash content, crude protein content, crude fat content, crude fiber content and 
carbohydrate content were analyzed using the standard AOAC methods [28].

Amino acid profile

This was performed as described by AOAC (2016). Each of the sample was dried at 70°C to constant weight, defatted, hydrolyzed, 
evaporated in a rotary evaporator and loaded into the applied biosystems PTH amino acid analyzer. The following steps were involved in 
the analyses.

Defatting of sample

The sample was defatted using chloroform/methanol mixture of ratio 2:1. About 4g of the sample was put in extraction thimble or 
wrapped in filter paper and extracted for 15 hours in a soxhlet extraction apparatus.

Nitrogen determination by micro-Kjeldahl method 

The nitrogen of protein and other compounds were converted to ammonium sulphate by acid digestion with boiling sulphuric acid.

Methodology: A known weight of sample (250 mg) was placed in Kjeldahl flask and 200 mg of catalyst mixture (potassium sulphate, 
copper sulphate and selenium powder) was added.

Concentrated sulphuric acid (10.0 cm3) was added to the content of the flask. The mixture was heated gently for few minutes until 
frothing ceases and heat was increased to digest for 1 ½ h. The flask content was allowed to cool and made to a known volume with dis-
tilled water (100 cm3).

Aliquot (10.0 cm3) of the dilute solution of the digest was distilled by pipetting the volume into the distillation chamber of micro Kjel-
dahl distillation apparatus. Into the distillate, 10.0 cm3 of 40% sodium hydroxide solution was added and steam distilled into 10.0 cm3 
of 4% boric acid containing mixed indicator (note colour from red-green) titrate with standard 0.01N or 0.02N hydrochloric acid to grey 
end point.

a = Titre value for the sample.

b = Titre value for the blank.

c = Volume to which digest is made up with distilled water.

d = Aliquot taken for distillation.

e = Weight of dried sample (mg).

Hydrolysis of the sample

A known weight (mentioned in the calculation sheet) of the defatted sample was weighed into glass ampoule. About 7 ml of 6N HCL 
was added and oxygen was expelled by passing nitrogen into the ampoule (this is to avoid possible oxidation of some amino acids during 
hydrolysis e.g. methionine and cystine). The glass ampoule was then sealed with Bunsen burner flame and put in an oven preset at 105°C 
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± 5°C for 22 hours. The ampoule was allowed to cool before broken open at the tip and the content was filtered to remove the humins. It 
should be noted that tryptophan is destroyed by 6N HCL during hydrolysis.

The filtrate was then evaporated to dryness using rotary evaporator (EV400Touch, 115V, 60Hz, USA). The residue was dissolved with 
5 ml to acetate buffer (pH 2.0) and stored in plastic specimen bottles, which were kept in the freezer.

Loading of the hydrolysate into analyzer for amino acid identification

The amount loaded was 60 microlitre. This was dispensed into the cartridge of the analyzer. The analyzer is designed to separate and 
analyze free acidic, neutral and basic amino acids of the hydrolysate. 

Amino acid values calculation 

An integrator attached to the Analyzer calculates the peak area as proportional to the concentration of each of the amino acids. 

Calorific content calculation

Calorific content was calculated using the water factor method as described by AOAC (2016). The values obtained for protein, fat and 
carbohydrate were used to calculate the calorific content of the samples as expressed below:

Calorific value (kcal/100 g) = (P×4.0) + (F×9.0) + (C×3.75).

Where protein content (%) = P, Fat content (%) = F and carbohydrate content (%) = C.

Sensory evaluation

The sensory evaluation of the masa samples was performed with the aid of 15 judges which was selected at random using the affective 
method of sensory evaluation. The sensory attributes analyzed were: colour, mouth-feel, aroma, texture, taste and general acceptability 
on a 9-point hedonic scale as described by (Ihekoronye and Ngoddy 1985 as cited in Yola and Timothy, 2012); 1 = like extremely, 2 = like 
very much, 3 = like moderately, 4 = like slightly, 5 = neither like nor dislike, 6 = dislike slightly, 7 = dislike moderately, 8 = dislike very much 
and 9 = dislike extremely.

Statistical analysis

The data were presented as the mean values ± standard deviation of three independent readings per analysis on every sample. The 
results were analyzed statistically using IBM SPSS version 23.0 by two-way analysis of variance (ANOVA) and Duncan Multiple Range Test 
(DMRT), was used to separate the means at p < 0.05. Plotting graphs for presentation of data was performed using Microsoft excel version 
2016 (Microsoft, Redmond, WA, USA).

Results and Discussions

Proximate compositions of rice-masa enriched with edible insects flour

The proximate composition of rice-masa enriched with edible insects (caterpillar or grasshopper) is presented in table 2 below. There 
was a significant (p < 0.05) difference between the crude protein content of the control and that of the enriched rice-base masa. The 
Protein contents obtained in all samples were between 7.32 - 12.09%. The control sample (RM) had the least protein content while 
sample (RCM5) prepared from 75% rice enriched with 25% caterpillar had the highest protein content. The protein content of the con-
trol (7.32%) is higher than 4.7% reported by Lawal., et al. [29] on masa prepared from white rice and pearl millet. The difference on this 
content could be a result of variations in cultivars [30]. The crude protein of the control is also higher than 4.23% recorded by Samuel., et 
al. [31] made from rice purchased in Ibadan, Oyo state Nigeria. 
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The protein content of sample RCM5 being the highest (12.09%) was higher than that recorded by Samuel., et al. [31] on masa made 
from 80% rice: 10% soybean: 10% crayfish and that of Lawal., et al. [29]. This is an expected occurrence as edible insects are better 
sources of protein than plants and sea foods [14,32,33]. The high protein level can boost the nutritional quality of food [34] and contrib-
ute to the nutritional well-being of the consumers with the possibilty of combatting nutrition insecurity that arises from protein- energy 
malnutrition in Nigeria.

Samples Protein 
(g/100g) Fat (g/100g) Ash (g/100g) Fiber 

(g/100g)
Moisture 
(g/100g)

Carbohydrate 
(g/100g)

Energy  
(kJ/100g)

RM 7.32f ± 0.03 38.89a ± 0.14 3.68e ± 0.04 2.55e ± 0.08 11.58a ± 0.13 35.99g ± 0.18 2189
RCM1 9.09de ± 0.01 28.86b ± 0.07 3.09f ± 0.04 0.25f± 0.78 7.89b ± 0.12 50.83c ± 0.06 2089.6
RCM3 9.06e ± 0.01 23.72cb ± 0.37 3.58e ± 0.04 3.51d ± 0.09 6.78e ± 0.13 53.36b ± 0.62 1937.9
RCMS 12.09a ± 0.08 28.11b ± 0.06 3.82d ± 0.02 3.68c ± 0.03 7.54c ± 0.42 44.77e ± 0.06 2010

RGM1 9.93b ± 0.02 18.85c ± 0.09 4.23b ± 0.06 4.83b ± 0.04 7.11d ± 0.06 55.07a ± 0.11 1798

RGM2 9.18d ± 0.03 27.77b ± 0.11 5.52a ± 0.08 3.76c ± 0.06 5.76g ± 0.63 48.02d ± 0.35 2003

RGM4 9.76c ± 0.06 30.38b ± 7.13 4.03c ± 0.04 6.31a ± 0.08 6.32f ± 0.12 38.22f ± 0.16 1947

Table 2: Proximate compositions of Rice-masa enriched with caterpillar or grasshopper flour.

Values are means ± standard deviation of 3 replicates. Mean within a column with different superscripts were significantly different at p < 
0.05. RM- 100% rice masa (control). RCM1 - 95:5% rice-caterpillar masa, RCM3- 85:15% rice-caterpillar masa RCM5 - 75:25% rice-cater-

pillar masa, RGM1 - 95:5% rice-grasshopper masa, RGM2- 90:10% rice-grasshopper masa and RGM4- 80:20% rice-grasshopper masa.

Based on the crude fat content which ranged from 18.85 - 38.89% (Table 2 above) with the control having the highest crude fat con-
tent and being significantly (p < 0.05) different from that of the enriched samples. This fat content is relatively higher than the fat content 
of four (4) varieties of local white rice in Nigeria studied by Olalekan., et al. [36], eight (8) varieties of Indian rice studied by Verma and 
Srivastav [37] and 19.9% of rice-based masa recorded by Samuel., et al. [31]. Apart from the difference being attributable to variations in 
cultivars and location of local white rice purchase, there is also a possibility of the increment being a result of the fermentation process 
and time the rice was exposed to in the masa making process. According to Adejuwon., et al. [38], fermentation of maize improved the 
fat content of ogi from 10.28 - 15.24%. This therefore agrees with the report that fermented foods are crucial in providing food security, 
enhancing livelihoods, and improved nutrition and social well-being of the people [39]. The sample (RGI) produced from 80% rice and 
20% grasshopper had the highest fat content (30.38%) amongst the enriched samples. This can be attributed to the high fat composition 
of grasshopper which is an implication of the high level of polyunsaturated fatty acid (PUFA) they contain [40]. This value is higher than 
18.9% recorded by Samuel., et al. [31] on rice-based masa produced from 80% rice and 20% crayfish or the 20.8% of the masa made 
from 80% rice and 20% soybean. Notably, the fat content (28.86%) of the sample RCM1 made from 95% rice and 5% caterpillar flour is 
significantly (p > 0.05) the same as that of the RGM4. This is in disagreement with the conclusion of Siulapwa., et al. [41] that grasshopper 
is a better source of fat (49%) than caterpillar (12.1%), although their research was on adult caterpillar, this research used the larvae. 
The findings agree with that of Tzompa-Sosa., et al. [42] who reported that caterpillars have higher fat content (8.6 - 15.2 g/100g) than 
grasshoppers (3.8 - 5.3 g/100g) and other insects in the Orthoptera species.

The ash contents of all the samples were significantly (p < 0.05) different with the exception of the control and sample RCC which had 
significantly (p > 0.05) the same (Table 2 above). The ash content is an indication of the mineral contents of the samples [43]. Minerals 
are crucial for the effective performance of the tissues and can act as a second messenger in the biochemical mechanism [44]. With the 
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local white rice having ash contents between 1.53 - 1.78% [36], this higher value of the samples (3.09 - 5.52%) could also be attributed to 
the fermentation process the rice was subjected to in the processing. Notably, is the sample prepared from 90% rice and 10% grasshop-
per, having 5.52% ash content, the increment could be due to the grasshopper being rich in minerals with potassium (k) being the most 
abundant. The variation in values may be due to difference in variety of rice and the products used in the enrichment [30].

The fiber content were between 0.25 - 6.31 g/100g, the values were relatively higher than that reported by Samuel., et al. [31] on 
masa prepared from rice, soybean and crayfish. The samples enriched with grasshopper were observed (Table 2 above) to have more 
fiber content than those enriched with caterpillar. It was also observed that the sample (RCM1) with the least fiber content (0.25%) was 
that enriched with caterpillar at 5%. This could be due to the high dietary fiber content of grasshopper which has been reported [45,46].

The enrichment of rice-masa with edible insects caused a reduction (p < 0.05) in the moisture content of masa from 11.58% to values 
between 5.76 - 7.82% (Table 2 above). The lower moisture content of the enriched samples makes them more stable than the control. 
This implies an improvement in the storage value of masa as lower moisture content of product would reduce microbial spoilage [35]. In 
addition, Samuel., et al. [31] reported the moisture content of rice-based masa enriched with soybean and crayfish to be high. The varia-
tion may be due to level of dehydration method (frying) of the snacks (masa). The moisture contents of the samples were lower than that 
of local white rice (13.19 - 13.96%) [36], this could be due to the cooking process (frying) the samples were subjected to. The observed 
moisture was lower than that (56%) reported by Nkama and Malleshi [47] on masa made from rice, pear millet, cowpea and groundnut. It 
is also lower than (47%) that of Samuel., et al. [31] made from rice, soybean and crayfish, combined in different proportions. This could be 
due to the fact that the edible insects used in the enrichment have low moisture contents (9.1% for caterpillar and 4.5% for grasshopper) 
unlike the cereals and legumes used by the other authors [41].

The masa has high carbohydrate content (35.99 - 55.07%) as shown in table 2 above. This is expected as it is a cereal based product. 
Samuel., et al. [31]reported the carbohydrate content of rice-based masa enriched with soybean and crayfish to be 21.9 - 23.8%. This re-
sult does not agree with that recorded in this research, it however, also agrees that masa is rich in carbohydrate. The carbohydate content 
is lesser than that of uncooked rice which is about 71.4 - 81.7 g/100 g of rice [29,37]. This reduction could due to leaching that occurred 
during soaking and boiling of the rice in masa processing. According to Frias., et al. [48] soaking alone brings about 19 - 20% reduction 
in available carnohydrates, while soaking and boiling of food can result in 23 - 24% reduction of available carbohydrates. The research 
conducted by Hartati., et al. [49] also showed that there is a dignificant implication of heating on carbohydrate contents of cocnut milk.

 Identification and quantification of amino acids present rice-masa enriched with edible insects

In all the samples, nine (9) essential amino acids and nine (9) non-essential amino acids were identified and quantified. These samples 
include the control and the ones enriched with caterpillar and grasshopper. The amino acids profile of the masa are presented in figure 
3 below.

The incorporation of caterpillar and grasshopper into masa resulted in significant (p < 0.05) increase in all the amino acid studied 
as can be seen in figure 3 below. Amino acids are the building block of protein molecule [35]. Therefore, the increase in the amino acid 
composition of masa produced using caterpillar and grasshopper could be due to the inherent protien contained in the edible insects.

This is in line with an increase in amino acid content of masa produced from maize, acha and soybean [50]. The high amino acid profile 
of masa enriched with caterpillar and grasshopper could imply a high hydrolytic potential of caterpillar and grasshopper protien. This will 
result in a high rate of digestibility, bioavaliability and absorption of caterpillar and grasshopper protien in the body [35].

Although lysine was present in the control sample, the quantity was lower than that of all the samples enriched with caterpillar flour. 
The sample (RCM5) prepared from 75% rice and 25% caterpillar flour had the highest lysine content with that of 80% rice and 20% 
(RGM4) grasshopper flour pacing second. The sample with the lowest (5%) proportion of caterpillar flour (RCM1) as expected had the 
least lysine content as opposed to other enriched samples. This finding is in line with several reports from many authors [32,51,52] who 
have stated that cereal crops lack lysine in significant quantity and edible insects are good sources of complete amino acids [14,23]. 
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Figure 3: Amino acid profile of rice-masa enriched withedible insects.

A is essential amino acid profile of rise-masa enriched with caterpillar, B is non-essential amino acid profile of rice-masa 
enriched with caterpillar, C is essential amino acid profile of rise-masa enriched with grasshopper, D is non-essential 
amino acid profile of rice-masa enriched with grasshopper. RCM1- 95:5% rice-caterpillar masa, RCM3- 85:15% rice-

caterpillar masa, RCM5- 75:25% rice-caterpillar masa and RM- 100% rice masa (control). RGM1- 95:5% rice-grasshopper 
masa, RGM2- 90:10% rice-grasshopper masa, RGM4- 80:20% rice-grasshopper masa and RM- 100% rice masa (control). 
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The substitution of rice with caterpillar at 25% brought about a 41.8% increase in the rice-masa lysine content (2.73 - 3.87 g/100 g). 
Enrichment of rice-masa with 20% grasshopper flour brought about a 28.2% increase in the lysine content. This is 13.6% lesser than the 
caterpillar used at 25%. Regardless, grasshopper is also a good source of lysine (6.39 g/100 g) [32]. 

However, enrichment with caterpillar at 5% level had no significant effect on the lysine content, rather a decrease (4.8%) in the lysine 
content (2.73 - 2.6 g/100g) was observed. While that enriched with grasshopper at 5% level (RGM1) brought about an (10.62%) incre-
ment from 2.73 - 3.02 g/100g. This result goes on to support the claims of Tome and Bos [53] (2007) that edible insect can act as protein 
boost in cereal-based foods which are the major staple food in developing countries and are limiting in amino acids [32]. 

Sensory analysis 

The sensory analysis was focused on the intensities of the sensory attributes of the enriched rice-masa in comparison with the control 
based on the subjective judgment of the semi-trained panelist.

Sensory attribute of rice-masa enriched with caterpillar flour samples is presented in figure 4 below. 

Figure 4: Sensory chart for rice-masa enriched with edible insects.

A is rice-masa enriched with caterpillar and B is rice-masa enriched with grasshopper.

RCM1- 95:5% rice-caterpillar masa, RCM2- 90:10% rice-caterpillar masa, RCM3- 85:15% rice-caterpillar masa, RCM4- 
rice caterpillar masa, RCM5- 75:25% rice-caterpillar masa, RGM1- 95:5% rice-grasshopper masa, RGM2- 90:10% 

rice-grasshopper masa, RGM3- 85:15% rice-grasshopper masa, RGM4- 80:20% rice-grasshopper masa RGM5- 75:25% 
rice-grasshopper masa and RM- 100% rice masa (control).
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In all the attributes checked, the control sample made from 100% rice (RM) was the most accepted by the panelists. For colour, in all 
the samples, the colour acceptance reduced as the edible insects proportion incresead. Significantly (p < 0.05) as can be seen in figure 4A 
and 4B above. The control, however had the highest degree of likeness (8.40) which on the 9-point scale is almost liked very much by the 
panelists. 

Based on mouth-feel, there was a significant (p < 0.05) difference among the samples acceptance. Degree of likeness in terms of mouth 
feel decreased with increase in the level of insects added to the rice. RM also showed highest degree of likeness in terms of mouth feel as 
well as other attributes including aroma, texture and taste as compared to the enriched samples. 

In general, all samples were moderately accepted as their average values were above 5.00 and mostly between 6 and 7 which is like 
moderately on the 9-point hedonic scale. The exceptions were the taste ratings of samples RCM5 (5.73) and RGM5 (5.87) which were 
prepared from 75% rice and 25% caterpillar and grasshopper flour respectively. 

Conclusion

The study shows that, individually, caterpillar and grasshopper are effective in improving the nutritional components of masa. Their 
contribution to the protein content of the rice-masa is highly desirable with both edible insects contributing balanced amino acids to the 
masa. Most crucial is the lysine contribution to the amino acid profile. Lysine supply is very important as it plays a crucial role in achieving 
sustainable global protein supply. 

Although, the degree of likeness was lesser when compared to the control sample, the enriched rice-masa had acceptance within good 
degree (6 and 7) in terms of colour, mouthfeel, aroma, texture and taste.
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