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ABSTRACT

The nutritional and biochemical evaluation of theotein quality of some popular insects
consumed in Southern Nigeria was investigated.ty'kix (36) young weanling male albino rats
(Wistar strain) of about 23 days old, grouped istg (6) groups of six (6) animals per group,
were fed separate diets containing 10% protein leygit of the test diets, casein diet and a
protein free (corn starch) diet for twenty eigh8)2lays. The diets contained adequate amounts
of all other required nutrients. Results showedttllze PER of the insects expressed as
percentage of that obtained for casein were 94.26%31%, 96.72% and 107.38% respectively
for Oryctes rhinoceros (OR) larva, Imbrasia beliiBL) larva, Macrotermis belicosus (MB)
and Rhynchophorus pheonicis (RP) larva, while tief@ the different insects were 87.9444.14,
86.8243.89, 88.55+7.89, and 88.9518.14 respectiielyOR, IBL, MB and RP. Results obtained
for the net protein ratio (NPR), protein retentiefficiency (PRE), and true digestibility (TD) for
the insects show that they were comparable to gatlserved for the casein control and the
observed slight differences were not significan®a% confidence limit. The relative weights
(g/kg live weight) of the organs namely liver, spleheart, kidney and lungs were not affected
by feeding the animals using the insects as soafgarotein (R=0.05). Haematological and
toxicological parameters assayed for were not digantly different from the control (P>0.05),
but the serum ALP and ALT values were slightly éigthile AST values were lower than that of
the control (K0.05) for animals fed IBL diet. The plasma protaid blood urea levels were
similar to values observed for the casein standdiel and the slight differences were not
significant at 95% confidence limit. These observesults suggest the insects to be good
sources of essential nutrients, which could goraglavay in helping to solve most nutritional
problems in many developing countries. Entomophshguld be encouraged as a good
alternative towards solving the PEM problem facimgny third world countries
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INTRODUCTION

With the recent wave of natural disasters couplé&t wconomic depression and its attendant
effect on the purchasing power of the populatioh$ess developed countries, it has become
obvious that the local food stuffs will play incs#gg roles in the food and nutrition security of

the rural people and the increasing urban poor. @rgich habits is the use of insects as food
(entomophagy) by the African rural communitiesupgement their protein intake.

The practice of eating insects or their larva i$ mew. Archaeological evidence tells us that
entomophagy has been practiced since mankindrfiegte an appearance on this planet. The
habit can be traced to the biblical days when fpeaod, John the Baptist depended entirely on
insects for his food: “He did eat locusts and viithey” (Mark 1:6) [1].

In Africa, entomophagy is a traditional and cultlyraacceptable way by which low income
persons supplement the meager protein conteneoftitgh carbohydrate diet [2, 3]. Ordinarily,
insects are not used as emergency food to warstarffation in these indigenous groups, but are
included as a planned part of the diet throughoaityear or when seasonally available [4, 5]

Insects are very abundant and contain many nusribiat are essential to humans. For example,
they are known to have the same amino acid reqem&nas man [6], and so they actively
accumulate these amino acids, thus being a read#jlable source of these useful nutrients.
The interest in the use of insect as food has b&pressed in several reports [7, 8, 9, 10, 11, 12,
13, 14]. The values reported showed that most@irtkect studied had higher levels of protein
and several other nutrients than beef, chicken fesd[15]. Despite these reports, there is a
dearth of information on the proximate and biolayievaluation of the nutrition quality of the
protein in most insects consumed. In addition,a&gociation of the consumption of the larvae
of Anaphe venatavith the incidence of seasonal ataxia in WestergeNa [16] reinforces the
need for a thorough study of the insects for notriuality and toxicological safety.

MATERIALSAND METHODS

Solvents and chemicals used in this study were lynogthe analytical reagent grade and were
obtained from E. Merck (Darmstadt, West GermanypyMand Baker (Dagenham, Essex,
England), Sigma Chemicals Company (St. Louis, MissoU.S.A.). The chloroform and
methanol were redistilled before being used in shisly.

Rhynchophorus phoenicis (BndOryctes rhinocerosarvae were obtained live from Ilushi (on
the bank of River Niger) in Edo State, Nigerlmbrasia belinalarvae were obtained from
Ogbomosho in Oyo State, Nigeria whiMacrotermes bellicosusvas obtained during their
nuptial flight at Ekpoma, Edo State, Nigeria. Tharious species were identified in the
Entomology Department, Nigerian Institute for Oibalfd@ Research (NIFOR), Benin City,
Nigeria. All live insects / insect larvae were ugdgthin twelve hours of collectioMacrotermes
bellicosug(Termites) were dewinged before being used.

Lipid from the Insect/ larva was extracted with aroform-methanol (1: 2, v / v) mixture as
described by Bligh and Dyer [17]. Protein nitrogeas estimated according to the Kjeldahl
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William colorimetric method [18]. The amino acidofite of the insect/ larva samples was
determined using the method described by Spaclenah19]. The moisture content of the live
insect/ larva was determined using the methode®sociation of Official Analytical Chemists
[20]. The method described by Pearson [21] was tse@termine the ash content of the insect/
larvae. Carbohydrate content of the insects wasrohted by difference.

Formulation of Diets

Six (6) experimental diets were formulated aftex gattern of Jenkins and Mitchell [22] with
slight modification. The diets were prepared foliogv the proportions as shown in Table 1
below. The components were blended manually staftiom the small components to ensure
proper blending. Prepared diets were labeled igtpehe bags and stored in the refrigerator at 4
° C until needed.

TABLE 1: Composition of Basal, Reference and Test Diets (g/kg)

Weight . N
Samples of Ve%eitlable Sc;g:(r:]h Sucrose| Glucose Cellulosg M;\;I]iiral V'K/lair;m Pr(o)/:ein
samples
RP 453.3 100 196.7 100 50 50 40 10 10
MB 299.3 100 350.7 100 50 50 40 10 10
OR 331.1 10C 318.¢ 10C 5C 5C 40 1C 1C
IBL 284.3 100 365.7 100 50 50 40 10 10
Caseil 127.¢ 10C 522.2 10C 5C 5C 40 1C 1C
Corn
Starch(Basal) - 100 650 100 50 50 40 10

OR =Oryctes rhinocergdBL = Imbrasia belina LepidopteraMB = Macrotermes; belicosu&P =Rhynchophorus phoenicis

COMPOSITION OF MINERAL MIXTURE (J.T. Baker Co., Phillipsburg, NJ; g/kg)

Calcium phosphate (CaHRO 5009
Magnesium oxide (MgO) 249
Sodium chloride (NaCL) 749
Potassium citrate #CsHsO) 200g
Potassium sulphate $BOy) 529
Manganous carbonate, Mng@3-48%Mn) 3.5¢
Ferric citrate (16-17%Fe) 69
Cupric Carbonate, CuG@63-55% Cu) 0.3g
Potassium iodate (KI£) 0.01g
Sodium selenite (N&eQ,5H,0) 0.01g
Chromium potassium sulphate [CrK(§012H:0] 0.55g
Zinc carbonate (ZnC%) 8.0g
Cellulose to make 1000g
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Composition of Commercial Vitamin Premix (U.S. Biochem Corp, Cleveland, OH, mg/kg)

Thiamin-HCL 600mg
Riboflavin 600mg
Pyridoxine,-HCL 1600mg
Ca-pantothenate 0.6mg
Nicotinic acid 2.0mg
Inositol 4.0mg
Amino benzoic acid 6.0mg
Choline 1.3mg
Folic acid 200mg
Cyanocobalamin 1.0mg
Cholecalciferol 2500mg
Retinyl palmitate, vitamin A activity 320 Ul
D-biotin 20mg
Menaquinine 50mg
Sucrose to make 1000g

Experimental animals

Thirty six (36) young weanling male albino wistats of about 23 days old (bred at the animal
house of the College of Medicine, Ambrose Alli Usnisity, Ekpoma.) were used for the study.
The animals were divided into six (6) groups of @) animals per group. Each animal was
caged separately for each of the groups to ensopepmetabolic study and monitor. Animals
that showed symptoms of ill health were excludednfthe experiment.

Feeding Regime

The rats were weighed to obtain their initial weggtafter which they were placed on a 3- day
adjustment period on the diets. Thereafter, thenalsi were placed on the diets and distilled
water _adlibitum for twenty eight days. All the diets except thetpm free diet contained 10%
protein (N x 6.25) by weight. Weighed foods welacpd in small heavy porcelain mortars and
about 5 ml of distilled water added and mixed tmimize spillage and scattering. Spilled food
with the faecal contaminants were collected daiig dried. The dry spilt food was combined
with the dry unconsumed food for the determinatbmotal amount of food actually consumed
by the rats in each of the groups. The proximai/ daod consumption was determined by
weight difference between the served food and tleemsumed food plus spilt food. The weights
of the rats were monitored on a weekly basis.

Collection and Treatment of Urine and Faeces.

Urine was collected daily from each group of ansrfak the twenty eight day period they were
on the diets. The urine for each cage was collaéatsdhall glass sample tubes containing 3 ml of
(1% v/v) sulphuric acid. Additional precaution agsi urine losses were taken by washing the
floor of the cage with 7 ml of (1% v/v) sulphuricid, which is then added to that contained in
the sample tube. The tube is then stoppered anedsio the refrigerator at 4C until analysed
for nitrogen. Faecal collection for each group pingal was done daily. The faecal samples
were dried to a constant weight in a Gallenkampaiobven size 2 at 85C, after which they
were ground to a fine powder and then stored irtoapered glass bottle container in the
refrigerator at £ C until analysed for nitrogen.
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Sacrifice of Animals

After the twenty eight day feeding period, the natye weighed and their physical conditions
such as fur, appearance and agility were notedraodrded prior to sacrificing them. The
animals were put to sleep by placing them in aegkabntainer containing diethyl ether. Incision
was made in the abdomen and extended to the thBtegd was collected directly from the
heart with a syringe and needle and shared intdff8reht containers containingsKEDTA,
Lithium heparin while the third container had ndiemagulant in it. The kidneys, liver, lung,
spleen and heart were dissected out quickly. Thegans were visually inspected for possible
abnormalities such as colour changes, lesions,faityl liver. The organs were washed with
normal saline and their weights determined grawviicedty.

Urine and faecal analysis

1 g of dried faeces and 10 ml aliquot of the usrere independently digested and analysed for
nitrogen using the Kjeldahl William colorimetric thed [18]. The values obtained for the
protein free group were used to compute endogenitnagien losses.

Nutritional Evaluation of the Diets.
The protein qualities of the insect/insect larvae @asein diets were evaluated biologically,
based on their ability to promote growth and niglogetention in the albino rats.

The protein efficiency ratio (PER) was determinesing the method described by Osborne,
Mendel and Ferry [23]. The biological value (BV)tbg diets was determined using the nitrogen
balance sheet method of Mitchel [24]. The net pnotatio (NPR) and protein retention
efficiency (PRE) was determined using the methodcdieed Bender and Doell [25]. True
digestibility was determined using the balance shexthod of Mitchel [24].

Haematological and Toxicological Parameters

Haematology is defined as the scientific studyhs hatural functions and disease of blood.
Haematological parameters refers to those factorghe blood whose levels are usually
determined in order to assess the degree of wielgloé an animal [26]. The relevant parameters
measured included:- Red blood cell (RBC), Whiteobl@ell (WBC), Pack cell volume (PVC),
Haemoglobin concentration (Hb), Mean corpusculaniaglobin concentration (MCHC), Mean
corpuscular volume (MCV), Mean corpuscular haemiogl, (MCH), platelets count and
differential leucocyte count which includes:- Neyghils, oesinophils, basophils, monocytes and
lymphocytes. The estimation of these parameteiediiabove was carried out using a blood cell
counter (Beckman Counter Act Diff. Haematology Arsalr). Aspartate amino transferase (AST)
activity was determined using the method descriipeReitman and Frankel [27]. Alanine amino
transferase (ALT) activity was determined using thethod of Reitman and Frankel [27].
Alkaline phosphatase activity was determined ushey method described by Deutsche [28].
GGT activity was determined by automatic methodhgsghe procedure specified for the ACE
Clinical Chemistry Analyser (Schiapparelli Biosyste Netherlands). Urea is the main waste
product of protein breakdown. It is formed in theet, passes into the extracellular fluid and is
excreted almost entirely by the kidneys. The mesment of urea is an important investigation
in diagnosing kidney damage. The Urease —Berthakthod described by Weatherburn [29]
was used for this estimation. The Biuret methoctidlesd by Weichselbaum [30] was used for
the estimation of total protein.
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Calculation and Statistics

All results were expressed as Mean + Standard Esfdhe Mean. The significance of the
differences between the effects of control, basdlthe test diets was measured ANOVA and the
Student t-test (SPSS Inc. 1995) at 95% confideinaé |

Table 2: Proximate Composition (% wet weight) of someinsects Consumed in Southern Nigeria

RESULTS

INSECT | MOISTURE LIPID PROTEIN | CARBOHYDRATE ASH

1516 +01g | 3518 £0.10 7.12 £0.55 7.38 £0.11
BL | 34362025 | o230 [ ooy (3426 £0.16) (1098 £0.46) | (11.38 +0.08)
=S =YCM 7081 +£0.27 14.33 +0.20 14.86 +0.15

2530 +020| 838 £0.31 2.10 £0.10 2.20 £0.08

RP | 6185 £0.18 Go) | o'35)[ (2206 £026) (553 £0.17) | (579 +013)
O =Y 66,09 +0.28 16.56 +0.11 17.35 +0.08

1487 +033| 1176 £0.90 6.87 £0.24 551 +0.19

OR | 60.56 £0.41) 5g')) 4 og) (3015 £1.10)  (17.16 £041) | (14.13 0.03)
e =2V0) 4872 +0.25 28.46 +0.18 | 22.83 +0.08

3146 +057| 3341 £0.20 12.41 £0.10 9.81 +0.04

MB | 1260 £026| 357, | 'pg)[ (38.36 £0.70) (1425 £0.19) | (11.26 +0.11)
e =2C0) 60,06 +0.28 22.31 +0.14 17.63 +0.08

Results represent the Mean + SEM of three estimativalues in brackets are % dry weightalues are % lean
weight of the larvae; OR = Oryctes rhinoceros, BUmbrasia belina Lepidoptera; MB = Macrotermesliobesus,

TABLE 3: Amino Acid Composition of Some I nsects Consumed | n Southern Nigeria (g/ 100g Protein)

Results represent the Mean + SEM of three estimati®R = Oryctes rhinoceros, IBL = Imbrasia belina

RP = Rhynchophorus phoenicis

AMINO ACID IBL RF OR MB

LYSINE 4.15+0.2. | 3.99+0.0! | 4.33+0.3! | 5.61+0.4.
HISTIDINE 3.1140.16 | 3.44+0.14] 3.02+0.07 2.91+0.10
ARGININE 6.85+0.45 | 5.06+0.12] 4.86+0.27 6.24+0.33
ASPARTIC ACID 6.3540.20 | 7.02+0.1Q 7.23+0.7 7.680
THREONINE 7.2940.3! | 3.10+0.1" | 3.22+#0.1( | 3.15+0.1
SERINE 3.4440.22 | 3.27+0.04 3.01+0.06  4.16+0.32
GLUTAMIC ACID 14.49+0.81| 12.91+0.70 12.80+0.32 1%#0.44
PROLINE 2.4940.04 | 2.11+0.24 2.12+0.20 2.76+0.31
GLYCINE 3.1240.18 | 2.95+0.08 3.01+0.06 3.86+0.44
ALANINE 3.6940.20 | 3.05+0.1. | 3.79+#0.1" | 3.99+0.2¢
CYSTEINE 2.30+0.15 | 2.20+0.3§ 2.13+0.11  3.07+0.11
VALINE 3.1740.2( | 2.80+0.1" | 2.62+0.1- | 2.70+0.0¢
METHIONINE 2.2140.10 | 2.05+0.31] 2.00+0.1( 2.16+0.34
ISOLEUCINE 3.2140.22 | 3.45+0.03 2.89+0.2]1  3.01+0.25
LEUCINE 7.0840.7. | 6.22+ 0.5« | 6.13+0.4! | 7.42+0.2
TYROSINE 2.7740.20 | 2.02+0.09 2.21+0.32  3.15+0.14
PHENYL ALANINE | 5.05+0.3¢ | 4.13+0.6° | 4.01+0.1f | 4.28+0.0°
TRYPTOPHAN 3.0240.21 | 2.51+0.1% 2.04+0.4] 2.13+0.17

Lepidoptera, MB = Macrotermes belicosus, RP = Ringphorus phoenicis

Table 2 shows the proximate composition of IBL, RIR and MB. RP had the highest moisture
value while MB had the least moisture content. dipalues revealed that RP had the highest
lipid value of 25.30% (wet weight) and when dehyedzthe lipid value rose to 66.61%. IBL had
the least lipid value of 15.16% (wet weight) bueadehydration the lipid value rose to 23.38%.
The protein values observed in IBL where highentfa all the other insects studied with a
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value of 35.18%. This is closely followed by MB WiB3.41%. Dehydration and eventually
defatting is seen to increase relative concentratto proportion of the other nutrients

encompassed in the proximate composition. The bgdvate and ash values were highest in
MB while RP larva had the least values.

Table 3 shows the amino acid composition of theégamoin the insect/ larvae. The amino acids
known to be essential to man were present in vgrgmounts in the protein portion of the
insects, with leucine constituting the major ess¢r@mino acid for RP, OR and MB while for

IBL, threonine was the major essential amino aeith a value of 7.29 g/100g.

Table 4 shows the protein quality of test samplese(t/ larvae) compared to casein. The rats
kept on the protein free diet (Basal diet) showigmhss of weakness at the end of the 4 week
feeding period. Two of the rats eventually diedobefcompletion of the experiment. Some of the
rats on this diet also appeared to have lost sdntleetr furs. They also developed scaly tails,

legs and hands. In contrast, rats kept on the aties¢s showed none of these symptoms. They
looked normal, healthy and appeared agile. There we obvious differences between rats kept
on the reference feeds and those kept on theetedt f

TABLE 4: Protein Quality Evaluation

Feed Protei | Total
. . n weight PER (%
'EEFE\?ATE/ "‘7%"; 'S” intake | gainin| PER OF NPR PRE BV ™
(g)y in7 | 7days CASEIN)
day: (9)
1.15 184 | 29.44 87.94 89.30
OR 69.50 | 6951 68l 557 | 9426 | ;018 | +028 | +4.14 +0.70
0.87 171 | 27.36 86.82 86.03
IBL 59.40 | 5941 4301 g5 | 7131 | Jg41| 4035 | +3.89 +0.41
1.18 1.92 | 30.72 88.55 90.18
MB 66.60 | 6.66 | 668| 558 | 972 | ;91| +051 | +7.89 +0.09
131 1.95 | 31.20 88.95 91.79
RP 7540 | 754| 859 | 10738 | o0 | T00l | sgas 2080
1.22 181 | 28.96 89.20 92.57
CASEIN 80.60 | 806| 860 = | 10000 | St Sl PReo 2040
BASAL 49.30 - -4.16 - - - - - -

Results represent the Mean + SEM of three estimati®OR = Oryctes rhinoceros, IBL = Imbrasia belinepidoptera, MB =
Macrotermes belicosus, RP = Rhynchophorus phoenicis

TABLE 5: Relative Organ Weights (g/100g Live Weight)

ORGANS | OR IBL MB RP CASEIN | BASAL
LIVER 3.70+0.21| 3.01+0.30 3.85+0.25 3.98+0.13 4.11+0.1836:80.05
SPLEEN | 0.31+0.0! | 0.20+0.0¢ | 0.2620.0: | 0.32+0.0: | 0.30+0.0" | 0.34+0.07
HEART 0.40+0.05| 0.35+0.07 0.49+0.02 0.48+0.p4 0.47+0.0533£0.06
KIDNEY | 0.70+0.0: | 0.92+0.0t | 0.74+0.0: | 0.73+0.0! | 0.72+0.0! | 0.98+0.0(
LUNGS 0.80+0.01| 0.76x0.03 0.82+0.02 0.88+0.p1 0.79+0.0373£0.01

Results represent the MesBEM of six estimations, + Results represent therMesEM of four estimations. OR = Oryctes
rhinoceros, IBL = Imbrasia belina Lepidoptera, MBMacrotermes belicosus, RP = Rhynchophorus phagnic
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TABLE 6: Effects of thedifferent diets on the haematological data, plasma protein and blood urea levels of rats

PARAMETERS OR IBL MB RP | CASEIN | BASAL
530 4.20 510 5.60 585 255
PLASMAPROTEIN (9/dL) | [goc | 4018 | 404z | +03F | +031 | +0.C
33.75 | 3825 | 3425 | 32.75 | 3200 | 46.33
BLOOD UREA (mg/dL) +417 | 4208 | 4647 | 4301 | +32¢ | 4521
3400 | 30.75 | 3220 | 39.00 | 3825 | 27.33
0,
PCV (%) +118 | +085 | +1.39 | +1.08 | +1.97 | +1.76
WEC () 12320 | 13450 | 13,380 | 13.275 | 14,450 | 7.133.33
+1106.07| +1155.06| +1044.70| +793.07| +885.53 | +920.75
- 7.03 6.09 753 8.19 831 423
RBC X10"UL +021 | +033 | 4020 | +0.25 | +026 | +0.23
Hb (@dL) 1316 | 11.93 | 1290 | 1403 | 13.90 | 1037
9 +0.3¢ | +047 | +0.4€ | +0.0¢ | +04z | +0.8¢
64625 | 64525 | 61525 | 689.25 | 63500 | 460.00
PLATELETS +2357 | +4561 | +15.80 | +18.86 | +27.23 | +25.17
oy 5815 | 6043 | 5600 | 6030 | 57.02 | 44.97
4239 | +3.08 | 4271 | +430 | +093 | +4.32
MCH (9 19.98 | 2093 | 1845 | 1845 | 19.40 | 1523
Pg +0.82 +1.65 +055 | +0.31 | +1.11 +0.5(
3230 | 3240 | 3223 | 3283 | 3233 | 27.98
MCHC (g/d) +049 | +021 | +038 | +047 | +0.33 | +0.23
8120 | 8425 | 8220 | 8175 | 81.00 | 6567
% LYMPHOCYTES 1.39 +439 | 4269 | +085 | +0.41 | +2.96
1620 | 1325 | 1600 | 1550 | 1625 | 3433
% NUETROPHILS 0.8 +1.3¢ | +08/ | +09¢ | 4144 | +2.9¢
2.50 2.50 1.75 2.75 2.75
% EOS 0.2¢ +0.2¢ | +02¢ | +0.4¢ | +0.4¢ -

Results represent the MeantSEM of four estimati@i®= Oryctes rhinoceros, IBL = Imbrasia belina
Lepidoptera, MB = Macrotermes belicosus, RP = Rblyaphorus phoenicis

TABLE 7: TheActivities (U/L) of Some Serum Enzymesin Rats Fed Different Diets

PARAMETERS OR IBL MB RP CASEIN BASAL
ALP 374.28437.6¢€ | 586.0(+26.2C | 466.28+16.7€ | 360.28453.11 | 312.5(+57.3% | 582.0(+10.4¢
ALT 20.75 +3.25 35.008.11 23.002.12 18.008.39 18.002.16 37.00%.73
AST 40.0(+4.3C 55.0(+5.1¢ 42.0(+4.45 38.0(+5.21 37.28+3.3¢ 48.3%+7.62
GGT 10.5(+2.5C 7.56+0.88 9.7541.31 11.2541.32 14.0(+1.41 -

Results represent the MeantSEM of four estimatigh® = Alkaline Phosphatase, ALT = Alanine
aminotransferase, AST = Aspartate aminotransfer@®T = Gamma glutamyl transferase. . OR = Oryctes
Rhinoceros, IBL = Imbrasia belina Lepidoptera, MB/Aacrotermes belicosus, RP = Rhynchophorus phagnic

DISCUSSION

The moisture content of the insects studied wasrobd to vary widely, but agrees with
published data for insects of various species. & adhows the moisture values (%) @nyctes
rhinoceros, Rhynchophorus phoenicis, Imbrasia laeind Macrotermes bellicosuBavis [31]
had earlier reported a moisture value (%) of 7@ &0.4 respectively for the larva and adult
beetle ofLachnosterna specie®odine [32] reported a moisture value of 79% tfoe larva of
Chortophaga viridifasciatawhile studies by Ludwig and Landsman [33] gave theisture
content for the larva dPopillia japonicain the range 78-81%. Moisture values for some other
insects include: 67.4% for the adult beetlePaipillia japonica[34], 69% for newly emerged
housefly Musca domestigg35], 7.9% for larva of soldier fli{Hermetia illuceuqd36], 5.2% for
house crickeAcheta domesticug37], 6.61% forAnaphe venat438]. The moisture value of
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6.0% reported foMacrotermes bellicosusy Ukhun and Osasona [39] is lower than the values
reported in this work. No immediate explanationsildabe given, but it is worth noting that
different analytical procedures were employed. Wiaihd Kendall [40] have shown that moths
collected at different periods of the year and tfiocavaried in their chemical composition,
which may be applicable here. Generally, inseatalartend to contain more moisture than their
adult counterparts.

These insect/larvae are usually used as food smepies by those who feed on it. It is consumed
as part of a meal or as a complete meal. When ocaupaith conventional animal food
supplements such as beef, chicken, pork, and fisbhahave a moisture content of 40-70% [41],
the larva ofRhynchophorus phoenicend Oryctes rhinocerosre seen as high moisture food
supplement, while values fdmbrasia belinaare a little lower compared to these conventional
foods.Macrotermes bellicosusioisture value marks it as a low moisture foodpéeipent. The
high moisture content as observed fehynchophorus phoenici®ryctes rhinocerosand
partially for Imbrasia belinaimplies that most of the essential nutrients & itiisect larvae will
be in forms that are easily available to the bothgmthe larvae are consumed as food. However,
dehydration generally increases the relative camagons of the food components (Table 2) and
in addition improves the shelf-life/ preservatidrtlee larvae.

Fat is the chief form in which energy is storednsect larvae [6, 42, 43]. It is usually present in
greatest amounts in the mature larvae before mepdosis [44]. According to Fast [44]
although fat content can reach as high as 41% weghty three-fourths of insect species studied
contained less than 10% of wet weight as lipid. SEhavith fat content greater than 10% are
primarily phytophagous. The lipid values &hynchophorus pheonicis, Oryctes rhinoceros,
Imbrasia belina and Macrotermes bellicogisble 2) are in agreement with this statemergt Fa
[45] reported a lipid value of 22.3% (wet weighty Rhynchophorus palmarunhipid values
reported for some insects are 3.1% and 4.0% rasplctfor the larva and adult beetle of
Lachnosternaspecies [31], 2.1% for the Japanese beBtigjllia japonicaNeuman[34], 15.5%

in the pupae of houseflylusca domesticf46]. Teotia and Miller [35] repeated the work done
by Calvertet al[46] and reported the same results except thdigliecontent was a little lower.
7.54% was reported for adult honey bégss melliferal [47], 23.22% (dry matter basis) for
Anaphe venat$38]. Leung [48, 49] reported lipid values of 36.116.94, 22.08 and 55.24 (%
dry weight) forBombyx moripalmweevil larvae, Crickets and Termites respebtivékhun and
Osasona [39] reported a lipid value of 46.1% (mwestfree basis) foMacrotermes bellicosus
This value is more than the 36.12% (dry weightjpotd in this study.

Comparatively, the lipid values of these edibleetts are higher than that found in most insects
for which data are available [44]. The fat contasftthese insects could have contributed to their
highly acceptable flavour when fried or roastede Tipid values of these insects when compared
to lipids derived from conventional foods of animadigin [15] are found to be higher.
Malnutrition in developing countries is as muchnwre, a problem of calories deficiency as of
protein deficiency [50]. The consumption of thesgeicts could go a long way in taking care of
the calorie needs in such communities. From thedatents of these insects, a 100g sample will
supply enough of the daily energy needs of verivagieople [51]. This is particularly relevant
in the developing countries where much energy peaged in doing works that are usually done
by machines in the industralised countries. Avddatata shows that of the insects analysed so
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far, 50% had a higher caloric value than soybe@r% were higher than corn, 63% were higher
than beef, 70% were higher than fish, lentils aedns, while 95% were higher than wheat, rye
or teosintle. [38, 52, 53, 54, 55]. Earlier studi#8, 14, 50, 56, 57, 58] have shown that these
insect/larval lipids are rich in the polyunsatudhtiatty acids which are protective against

atherosclerotic disorders. Another implication bé thigh fat content of these insects is that
defatting them will markedly increase the relagpreportions of the other nutrients encompassed
in the proximate composition. This means that dyeatreased protein contents can be achieved
by defatting these insects/ larvae as can be sedmeiprotein values of the defatted samples
(Table 2).

Table 2 shows the carbohydrate values Rirynchophorus pheonici©ryctes rhinoceras
Imbrasia belinaandMacrotermes bellicosysvith the values ranging from 2.10 — 12.41% (wet
weight). Wigglesworth [42] observed that carbolaydrstores vary with the species of the
insect. For instance, it comprises 33.5% of the weyght of the mature bee larva, 31% for
Gasterophiluswhile 5% inOphyra, Calliphora, Lucilia, Bombyand Malacosoma.Therefore,

the carbohydrate level found in any insect can telyassessed/ compared with the values/ data
available for the species. Nutritionally, althouglere is no special requirement for carbohydrate
in terms of “Essential carbohydrate’s”, it is imfaot that diets contain a certain amount of
carbohydrate’s since it has a “sparring” actiorpaoteins [59].

The high protein content of the insects (Table ®gests the potential of the insect species in
combating protein deficiency. Davis [31] reportegtadue of 11.1 and 20.1 (% wet weight) for
the larva and adult beetle bachnosternaspecies while Fleming [34] reported a crude protei
value of 22.1% (wet weight) for the Japanese bda&tlgillia japonicaNewman. Calveret al
[46] reported a crude protein value of 63.1% (deight) forMusca domesticpupae. Calveret

al [60] further conducted proximate analysis of newlyerged houseflyM. domestica and
reported a crude protein content of 75% (dry weigHale [61] noted that dried larvae of the
soldier fly Hermetia illucenshad a crude protein value of 45.2% while Newttinal [36]
reported a value of 42.1% for same larva, on drjtendasis. Koeet al [62] reported a crude
protein of 51.7% for face flyMusca autumnaligDe Geer). Ryart al[47] reported that adult
honey beesApis melliferal) have a crude protein value of 49.8% while Landtyal [63]
reported crude protein values fGr promethean, H. cecropia, and M. seas49.4, 54.7 and
58.0% respectively. DeFoliaet al [64] had earlier reported a crude protein valu&&¥o (dry
weight) for Mormon cricketA. simple)x while Nakagaket al[37] reported a crude protein value
of 62.0 % (dry weight) for house crickeAdheta domesticuk). Ashiru [38] reported a crude
protein value of 60.03% (dry weight) fAinaphe venatavhile Ukhun and Osasona [39] reported
a crude protein value of 34.8% (moisture free)Macrotermes bellicosusThis value is lower
than that observed in the present study whichgenteng a value of 38.36 + 0.70% (dry weight).
Onigbinde and Adamolekun [3] reported a crude pmot@lue of 52.7% foimbrasia belina
which is lower than the value of 54.26 reportedthis study. The protein values observed
justifies the cultural perception of the high nubmal value attached to entomophagy [13]. The
results show that the protein values for thesecissare superior to that of beef and chicken as
well as many other conventional animal protein sesr[15]. Proteins provide the chief
structural elements of the muscle, glands and diBsues, but in insect larvae most of the
proteins are found in the haemolymph [43]. The tatd physiological role of these proteins are
not fully defined, although it seems probable thaty play a major role in insect metamorphosis
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[65]. All the amino acids commonly found in proteinave been identified in insects, which are
known to have the same amino acid requirementsaasmals [6, 66]. Table 3 shows the amino
acid composition of the four insect/ larvae underdg. All the amino acids known to be
essential to man are found present in varying ptapts in the protein portion of the insects. Of
particular interest is the high level of leucingsihe and threonine observed in the insects.
Lysine and threonine are limiting amino acids ineaf) rice, cassava and maize based diets that
are prevalent in the developing world [67, 68], héucine and histidine have been reported to
enhance the growth of infants and young childré3].[Bisher [70] revealed that among the rat,
rabbit and chicken, the requirement pattern ofgiteeving rat is most similar to that of a growing
child, pointing out that neither requires arginikke further showed that the requirement pattern
of the child for sulphur amino acids and for lysiesembled that of the rat more than those of
either rabbit or chick. The inclusion of these otseinto the staple diets of these third world
communities would boost their nutritional statubeTvalue of the sulphur amino acids though
not so high yet they meet the RDA values for thaseéno acids. Whole matured insect as a
source of protein, on one hand, is of somewhat iauality than animal products because of the
indigestibility of chitin [8, 52]. Despite this, ¢hconsumption of insects can to a substantial
degree supplement the predominantly cereal digt wiany of the protective nutrients [8].
Removal of chitin increases the quality of inserctt@n to a level comparable to that of products
from vertebrate animals. It should be noted howdvar in insect larvae, most of these nutrients
are in the haemolymph and could be easily absombethse of ingestion as food or feed.
Comparison of the amino acids composition of thesects with conventional animal foods
indicate that the supply of some of the essentisiha acids were superior to those found in
these conventional foods [71]. These insect pretaiay constitute a cheaper source of protein
supplement easily available and affordable to thi&ves within the localities where the insects
are found.

The group of animals maintained on the protein-fteatrol (Basal) diet consumed the least
guantity of feed when compared with the other gsoabanimals kept on the experimental diets
and standard casein diets (Table 4). All the dieth the exception of the protein free control
group contained 10% crude protein (N x 6.25).

The lower feed intake of this group of animals etated with their apparent growth failure, if
weight gain is used as a measure of growth. Thapgad rats fedRhynchophorus phoenicis
larva diet consumed the highest quantity of feed setorded the highest weight gain. This
correlates weight gain to feed intake in the experital diet. The feed intake and weight gain in
this group was close to that observed for the oagieit. The group of rats fddhbrasia belina
larva consumed the least quantity of feed among the ewpatal diets. This lower feed intake
(and indirectly lower protein intake) also reflatti@ their lower weight gain when compared to
the other experimental diets. The reduced feekentsy the animals fetmbrasia belinadiet
could be attributed to a number of factors whicty mmalude : a deficiency and / or imbalance of
amino acids and other nutrients; adverse substafagsutrients) in the protein source; or
reduced palatability of the diet. Jacquot and Pgf2} reported that the nature of proteins
included in diets influences the appetite of anspahd may cause significant reductions in food
intakes duringad libitumfeeding. This reduction in general food intake @adiés a reduction in
the intake of other essential dietary componenth ss calories. The reduction in food intake
compounds the possible effects of limiting aminadsad22]. In addition, Passmoset al [73]
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reported that if the total energy intake is inadggusome dietary protein is used for energy, and
is therefore not available to satisfy protein neddwis, further increases in protein intake is of
limited effectiveness and wasteful if energy neadsnot being satisfied at the same time. The
caloric (energy) values of the various experimedtets were not determined in this study. Oke
[74] was of the opinion that the nutritional imparte of a foodstuff in a diet depends on the
nutrient composition of the raw foodstuff, the ambthat is consumed and the extent to which
the component nutrients are destroyed or lost dupreparation of the diet. Similarly,
Ensminger [75] observed that feed processing infitee the nutritional value of feedstuffs by
enhancing some nutrients and lowering others. Theemwed higher feed intake among the
different insect/ larva groups could be due to the content of the insect/ larvae which
contributes to its highly acceptable flavour thgrélelping to improve the dietary intake of the
diet [76]. On the other hand, these insect/ larathdhad a fat content higher than 10% (wet
weight), which were also observed to be highly tursded. The implication of the high fat
content is that it increases the susceptibility toé undefatted insect/ larvae to storage
deterioration via lipid oxidation [77]. There wagrsficant difference (< 0.05) in feed intake
between casein fed rats and rats fed Witkictes rhinoceros, Imbrasia belinapndMacrotermes
bellicosusdiets while the difference in weight gain betwéebrasia belinadiet compared with
casein diet was significant at<0.05. Looking at the amino acid credentials ofsthensect/
larvae,Imbrasia belinatends to have a higher essential amino acid cotitentthe other insect/
larvae. Inspite of this impressive array of essg@mino acids, the feed intake and subsequently
the weight gain of this group of rats fed the ladiat was lower than that observed for the other
insect/ larvae groups. It is either that thesergggdeamino acids are in a form unavailable to the
animals or there is the presence of an antinutafidactor which makes these essential amino
acids unavailable to the animals.

Osborneet al [23] and Henry [78] have reported maximum value$BR (Protein efficiency
ratio) at lower protein concentrations for good lgyagoroteins than for poor-quality proteins.
Results observed in this present study are showralote 4. The PER value f&hynchophorus
phoenicisdiet was higher than the value obtained for theeicadiet, while all the others were a
little lower. This result is not too surprising @iher researchers such as Caletral [60], Hale,
[61], Abdel Gawaad and Brune, [79], O@&bal[80], Finkeet al[81] worked on various insects
and discovered that many of the insect they stubat protein qualities that were superior to
soy protein or casein as a source of protein. Ratsvith Imbrasia belinalarval diet recorded
the lowest PER values which also corresponds waighr fower feed intake. With the exception
of the Imbrasia belinafed rats, all the others recorded higher Net protatio (NPR) values
when compared to casein fed rats (Table 4). Theaspof protein retention efficiency (PRE)
values were similar to the observed NPR values.

Very high biological values (BV) were observed &if the insect/ larval diets, though value
obtained for the casein diet was higher. Comparigath results reported by Dreyer and
Wehmeyer, [8] foimbrasia belinashows that the results obtained in the presedysite much
higher. The high biological values of the inseaval diets support the general view that
maximal utilization of good quality proteins occlat lower levels of protein intake [78]. At
higher levels, there is a tendency for increasethibodic wastage of dietary proteins.
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The True Digestibility (TD) values strongly indieathe ease of bioavailability of the amino acid
constituents of the insect/ larvae, an importantdiain considering the nutritional quality of a
protein [82]. Dreyer and Wehmeyer [8] reported gedtibility value of 85.8% fotmbrasia
belinalarva while the present study reports a slightiyhler value of 86.03 fdmbrasia belina
larval diet. Improved quality of food proteins halveen ascribed to factors which range from
denaturation of the protein and consequent enhagrewf the digestion, to destruction of
antinutritional factors which might be present e food by the various processing treatments.
While the unfolding of the protein for improved polysis may sound obvious, it is not possible
to confirm the possibility of any anti-nutritionfactor from these results. However looking at the
proximate and chemical analysis credentialsifabrasia belinaand comparing these with the
observed low weight gain, Protein efficiency ratiological value, True digestibility and other
nutritional parameters, does not reflect the olemalues.

Generally, the organs of the animals placed omtbeein free diet were pale in appearance and
diminished in size, as compared with those of ttieroanimals placed on the standard casein
diet and test diets. The liver and kidneys of thenals placed on the casein diet were brick red
in colour with no lesions on them or any signsaifyf liver, while that of the animals placed on
the various test diets showed a fine brick red waitton, darker than that observed for the
animals on the casein diet. There were no lesionthe various organs, or signs of fatty liver.
The results of the organ weight clearly indicatat there was corresponding increase or decrease
in the organ weights with increased protein intakd/ or quality. In particular the liver weight
of the different group of rats fed the various sliedrrelated quite well with the level and quality
of dietary protein intake. Rats fé&hynchophorus phoenidiarval diet recorded the highest feed
intake and also the highest relative liver weigh8.08+0.13g closely following the rats fed the
casein diet. There is a direct correlation betwfeed intake and relative liver weights of the test
animals. Expectedly animals fémbrasia belinalarva recorded the least feed intake and as well
the least relative liver weight. This result is agreement with the findings of Jenkins and
Mitchell [22]. These differences in liver relativeeights may indicate stress and or possible
changes in the relative composition of these tissiige to the test diet. The relative spleen
weights were fairly constant with little variatiomsnong the various groups, and the noticed
slight differences were not significant (P>0.05)eTrelative weights of the heart and lungs were
similar to results observed for the spleen, andetheere no significant differences (P>0.05) in
the relative heart and lung weight for the différgnoup of rats. The relative kidney weights
appears to be related to the PER of the proteirceo®Rats fed diets with the lowest PER values
(index of protein quality) recorded the highesatiek kidney weights. These observations were
also reported by Tanaket al [83], Kimiagar, et al [84]), and Jenkins and Mitchell [22].
Kimiagar et al [84] however demonstrated that the effects ofouhsality of dietary protein on the
organ weights and liver enzymes could depend onlghgth of feeding. Tanakat al [83]
ascribed the feeding of poor quality protein tongigant increase in the serum activities of
Alanine aminotransferase (ALT) and Aspartate amansferase (AST). A later report by
Kimiagar et al [84] showed that these effects on liver enzymegsedded on the length of
feeding. AST is a mitochondrial enzyme and is g@sssent in heart, muscle, kidney and brain,
while ALT is a cytosol enzyme and is more specificthe liver than AST [85]. The normal
range for these enzymes in rats could not be asged, but comparing observed results with the
casein reference values shows increase in ALT a8d@ »alues forimbrasia belinafed rats,
which was significant at B 0.05. There were no significant differences in tasein values
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when compared to the other insect/ larval dietevéied levels of AST are usually observed in
hepatic necrosis, myocardial infarction, muscleunypjand congestive cardiac failure [85].
Increase in ALT activity has also been associatéth witamin D malnutrition and several
diseases of the bone [86]. There were observeeases in the alkaline phosphatase activity in
rats fed various levels dmbrasia belinalarva P> 0.05 compared to those fed casein diets. Rats
fed casein diets showed lower levels of alkalinegpihatase activity compared to the other diets,
but the difference was not significant (P>0.05) fibrese other insect/larvae. Alkaline
phosphatase is present in the canalicular and @olelsmembranes of the liver, but is also
present in many other tissues e.g. bone, intestimke placenta. Serum alkaline phosphatase is
raised in cholestasis from any cause, whetherhafratic or extrahepatic [85, 87]. There were
observed decreases in the activity of Gamma Glutanaysferase (or transpeptidase) (A
microsomal enzyme present in many tissues incluthiegdiver), in the Insect/ larval diets with
the exception oRhynchophorus phoeniciarval diet where the values were comparable to
values observed in the casein fed animals. Theréifice were not significant compared with the
casein values (B 0.05) except for thémbrasia belinalarval diet. These observed differences
and apparent lack of any effects of the Insect/darintake on these enzymes makes it difficult
to ascertain any disease condition.

The results of the haematological data (Table @&wskhat the various protein sources had
different effects on the total plasma protein cotiaion. Rats fedOryctes rhinoceros,
Macrotermes bellicosusind Rhynchophorus phoenicigrval diets had plasma total protein
levels comparable to casein, but valueslfobrasia belinalarva were significantly lower than
casein values (P < 0.05). During protein deplet@niods, there is usually a drop in plasma
protein content and plasma volume, resulting inteefs reduction in the total amount of
circulating plasma protein [88]. Blood urea levielsthe various insect/ larval diets were similar
to values observed for casein with the exceptionabfies forimbrasia belinafed rats. Miller
and Payne [89] reported that, if the concentratbenergy in the diet is too low, some of the
protein is inevitably deaminated and used for epe$ince the feed intakes of rats feabrasia
belinalarvae were low, the low energy level may havenbaee of the factors contributing to the
higher levels of blood urea nitrogeRhynchophorus phoenidied rats recorded the highest feed
intake and also the lowest blood urea nitrogenesl&or the most part, plasma total protein and
blood urea nitrogen levels reflected the qualityhef protein sources. Blood urea nitrogen levels
were lower in rats with the highest PER values. filgher concentration of blood urea nitrogen
in the blood of rats with low PER values indicathe presence of large quantities of amino
nitrogen resulting from the breakdown of tissuedmtary proteins or both. In this study PER
values are positively correlated with plasma t@atein and negatively correlated with blood
urea nitrogen levels. The significant relationshgiween the biological value of the diets and
blood urea nitrogen levels has been shown by skeweraers [89, 90]. There were no significant
differences in the PCV, WBC, RBC, Platelet counCW MCH, MCHC of the animals on the
reference and Insect / larval diets(8.05). Percentage lymphocyte, was only slightgvated
while percentage Neutrophils was slightly decreasedats fedImbrasia belina but this
elevation or decrease was not significant at P>0T0® similarities in the values for the test
samples suggest that the animals were capableilzingt these samples with almost equal
efficiency.
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