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Introduction

 Animals are among the most important species of livestock [1] in 
Nigeria. The major products from animals are meat, milk, and skins 
[2]. Demand for food of animal origin in developing countries is  
expected to double by the year 2020 [3].

 Animal products contribute significantly to the total nutrients in 
our food supply [4]. They provide a nearly ideal pattern of amino ac-
ids and account for over 60% of the total protein intake in the United 
States. The goal of increasing the efficiency of animal production has 
been, and continues to be an important consideration in producing 
animal-derived food products. There is also increasing recognition 
that foods can be contributing factors in the prevention and devel-
opment of some disease conditions. As a result, additional focus has 
been given to designing foods with enhanced components that have 
beneficial effects on human health [4].

 The composition of amino acids is the factor determining the qual-
ity of protein in food. In general, high protein food is also high in 
the contents of amino acids including essential amino acids [5]. It is 
generally accepted that the nutritional quality of proteins depends on 
the content and availability of their Essential Amino Acids (EAA) [6]. 
It is well accepted that the nutritional value of proteins may differ sub-
stantially depending on their (essential) amino acid composition and 
digestibility [7].

 Food products derived from animals are also known to contain 
micro components that have positive effects on human health and dis-
ease prevention beyond those associated with traditional nutritive val-
ues [8-11]. In addition, they are primary sources of many vitamins and 
minerals, including vitamin B12, vitamin B6, riboflavin, niacin, zinc, 
phosphorus, and calcium. Animals fulfil a variety of functions within  
the agricultural economy. They provide human beings with food,  
industrial raw materials (particularly wool and hides), energy for  
traction and carriage of goods, and also manure.

 Animal skins have a greater nutritional value compared to plant 
products. It has been reported by many researchers that animal skins 
played a significant role in satisfying the dietary and nutritional  
requirements of human [12-15]. The study reported in this arti-
cle is an attempt to assess and compare the nutritional quality of 
the skin of four different animals namely: Dog (Canis lupus fa-
miliaris), goat (Capra aegagrus hircus), pig (Sus scrofa domesti-
cus) and cane rat (Thryonomys swinderianus) by evaluating their 
proximate, minerals, amino acids, mineral ratios and mineral  
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Abstract
 The increase in human population comes with it an increase in 
the demand for protein (and amino acids) from different sources. 
This study seeks to compare the proximate, mineral, amino acid 
compositions as well as Mineral Safety Index (MSI) of the skin of 
four different animals (dog, goat, pig and cane rat). The proximate 
analysis revealed the values of carbohydrate, fat, crude protein,  
crude fibre, ash and moisture contents. The protein level in  
cane rat skin was the highest (40.30%), followed by dog (32.17%) 
and goat (27.36%) skins respectively, while pig skin (25.36%) had 
the least protein value. The mineral analysis indicated high Ca, Mg 
and K contents in pig and cane rat skins, while P content was more 
concentrated in dog and goat skins. Also, Na, Mn and Zn contents 
were almost similar in all the skin samples. Leucine was the most 
concentrated essential amino acid in all the skin samples, with ca 
skin having the highest content followed by pig, dog and goat skins 
respectively, while the most concentrated amino acid was glutamic 
acid, with cane rat and pig skins having the highest value followed 
by goat and dog skins respectively. The content of total essential 
amino acids in the animal’s skins are 3.56, 5.22, 5.12 and 5.43mg/g 
for dog, goat, pig and cane rat respectively. All the skin samples 
were adequate only in Leu, Met + Cys and Phy + Tyr based on FAO/
WHO provisional pattern, while they recorded low activities in some 
essential amino acids (Val, Thre and Lys). The total amino acid  
levels being 9.82, 8.81, 9.36 and 11.15mg/g crude protein in dog, 
goat, pig and cane rat skins respectively. Overall, the findings  
indicate that all these skins which are usually avoided by some  
people can contribute useful amount of nutrients, mineral elements 
and amino acids to human diet. Although, cane rat skin had the  
highest qualities of them all, followed by dog, pig and goat respec-
tively. There is need, however, to determine the vitamins and fatty  

acids present in these samples. This will help to adequately  
establish their importance in human nutrition and provide basis for 
their maximum utilization.
Keywords: Amino acid composition; Animal’s skin; Mineral content; 
Nutritional composition
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safety index. It is hoped that this will contribute information to food 
composition tables.

Materials and Methods
Sample collection and preparation

 All the animals (dog, goat, pig and cane rat) used for this study 
were matured and they were of medium size ranging between  
36 to 48 months old except cane rat that the age cannot be predicted. 
Their weight ranges between 22.9 to 26.6kg, 23.0 to 27.4kg, 55.5 to 
61.4kg and 8.10 to 8.60kg for dog, goat, pig and cane rat respectively. 
Three animals were used per group. Dog, goat and pig were bought 
at the local market in Ado Ekiti, Ekiti State, Nigeria while cane rat  
was caught in the wild by a local hunter commissioned for that  
purpose at Ado-Ekiti, Nigeria, the animals were identified, hair  
removed with the aid of hot water and dissected. The skins were 
then separately removed, washed with distill water and air dried to  
constant weight, milled into flour and kept in a freezer (at -10°C), 
pending analyses.

Proximate analysis

 Moisture, total ash, fiber and ether extract of the samples 
were determined by the methods of the [16]. Nitrogen was de-
termined by a micro- Kjeldahl method and the crude protein  
content was calculated as N × 6.25 [17]. Carbohydrate was de-
termined by difference. All the proximate results were reported  
in mg/g dry weight. The energy values obtained for carbohydrates  
(× 17kJ), crude protein (× 17kJ) and crude fat (× 37kJ) for each of the 
samples. Determinations were in triplicate.

Mineral analysis

 The mineral elements were determined in the solutions obtained 
above-Na and K by flame photometry, Model 405 (Corning, Halstead 
Essex, UK) using NaCl and KCl to prepare standards. Minerals were 
analysed using the solutions obtained by dry ashing the samples 
at 550°C and dissolving it in 10% HCl (25ml) and 5% lanthanum  
chloride (2ml), boiling, filtering and making up to standard volume 
with deionized water. Phosphorus was determined colorimetrically 
using a Spectronic 20 (Gallenkamp, London, UK) instrument, with 
KH2PO4 as a standard. All other elements (Ca, Mg, Zn, Fe, Mn, and 
Cu) were determined by atomic absorption spectrophotometry,  
Model 403 (Perkin-Elmer, Norwalk, Connecticut, USA). All determi-
nations were made in triplicate. All chemicals used were of analytical 
grade, and were obtained from British Drug House (BDH, London, 
UK).

 The detection limits for the metals in aqueous solution had been 
determined just before the mineral analyses using the methods of 
Varian Techtron, giving the following values in μg/ml: Fe (0.01), Cu 
(0.002), Na (0.002), K (0.005), Ca (0.04), Mg (0.002), Zn (0.005) and 
Mn (0.01). The optimal analytical range was 0.1 to 0.5 absorbance 
units with coefficients of variation from 0.9-2.2%.

 The coefficients of variation per cent were calculated [18]. The per-
centage contribution to Energy due to Protein (PEP), due to total fat 
(PEF) and due to carbohydrate (PEC) as PEP %, PEF % and PEC % 
respectively were calculated. The percentage Utilizable Energy Due 
to Protein (UEDP %) was also calculated. Ca/P, Na/K, Ca/Mg and 
the millequivalent ratio of [K/(Ca + Mg)]; the Mineral Safety Index 
(MSI) of Na, Mg, Mn, P, Ca, Fe and Zn were also calculated [19]. To  
calculate MSI, we have: RAI is recommended adult intake; CV in the  

table will represent Calculated Value (CV) of calculated MSI from  
research results. The differences between the standard MSI and the 
MSI of the samples were also calculated.

Amino acid analysis

 The amino acid profile was determined using the method de-
scribed by Sparkman et al. [20]. Each sample was dried to constant 
weight, defatted, hydrolyzed, evaporated and loaded into the Tech-
no Sequential Multi-Sample amino acid analyzer (TSM). Following 
the steps described below: 2g of the dried sample was weighed into 
extraction thimble and the fat extracted with chloroform: methanol 
(2:1) mixture using soxhlet extraction apparatus [16]. Then, 1g of the 
defatted sample was weighed into glass ampoule. 7ml of 6N HCl were 
added and oxygen expelled by passing nitrogen into the ampoule. The 
glass ampoule was sealed and placed in an oven preset at 105°C for 
22h. The ampoule was allowed to cool before breaking open at the tip 
and the content filtered. The filterate was then evaporated to dryness 
and the residue dissolved with 5ml acetate buffer (pH 2.0) and stored 
in plastic specimen bottles. 10μl was dispensed into the cartridge of 
the analyser which is designed to seperate and analyse free, acidic, 
neutral and basic amino acids of the hydrolysate. The amount of each 
amino acid present in the sample was calculated in mg/g protein from 
the chromatogram produced.

Determination of quality parameters

Determination of amino acid scores: Determination of the amino 
acid scores was first, based on whole hen’s egg [21]. In this method, 
both essential and non-essential amino acids were scored. Secondly, 
amino acid score was calculated using the following formula [22]: 

         - Equation 1

 Amino acid score = (amount of amino acid per test protein (mg/g)) 
/ (amount of amino acid per protein in reference pattern (mg/g)). 
In this method, Met + Cys and Phe + Tyr were each taken as a unit. 
Also, only essential amino acids determined were scored. Amino acid 
score was also calculated based on the composition of the amino acids  
obtained in the samples compared with the suggested pattern of  
requirements for pre- school children (2-5 years). Here, Met + Cys 
and Phe + Tyr were each taken as a unit. Also, only essential amino 
acids with (His) were scored.

Determination of the essential amino acid index: The Essential 
Amino Acid Index (EAAI) was calculated by using the ratio of test 
protein to the reference protein for each of the eight essential amino 
acid plus histidine in the equation that follows [23]. Met and Cys are 
counted as a single amino acid value in the equation, as well as Phe 
+ Tyr.

Determination of the predicted protein efficiency ratio: The  
predicted protein efficiency ratio (P - PER) was determined using one 
of the equations derived by Alsmeyer et al. [24].

P - PER = -0.468 + 0.454 (Leu) - 0.105 (Tyr) - Equation 2

Other determinations: Determination of the Total Essential Amino 
Acid (TEAA) to the Total Amino Acid (TAA), (TEAA/TAA); Total  
Sulphur Amino Acid (TSAA); percentage cystine in TSAA; the  
Leu/Ile ratios were calculated using the equation of the form [25].
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Statistical analysis

 The data reported herein are the means of three replicates (n=3). 
One way Analysis of Variance (ANOVA) was done to evaluate  
relationship between groups. The statistical analysis was done using 
JMP Release 10.0 statistical package (SAS Institute, Inc., Cary, North 
Carolina, USA, 2010).

Results and Discussion

 Table 1 contains the proximate composition of the skin of four dif-
ferent mammals (dog, goat, pig and cane rat). As indicated by the re-
sults, the protein level in cane rat skin was the highest, followed by dog 
and goat skins respectively, while pig skin had the least protein value. 
The crude protein in all the animal skins were higher than that found 
in camel [26] and beef [27]. Protein is the most important muscle con-
stituents and is made up of myofibrilla, sarcoplasmic and connective 
tissues. Also, the crude fibre content in pig skin was of higher value 
compared to the rest of the skins of other animals, followed by the cane 
rat skin. The crude fibre level in cane rat skin doubled the level in dog 
and goat skins while that of pig skin is four-fold times the level in dog 
and goat skins and one-half fold times the level in cane rat skin. Re-
sults compiled in table 1 also showed that the total ash in cane rat skin 
was much more higher than in skins of other animals, meaning that 
the cane rat skin would likely contain higher levels of minerals than 
the skins of other animals (dog, goat and pig). Also, the fat constituent 
of the pig and cane rat skins were higher when compared with other 
two animal skins (dog and goat ) on a dry-matter basis, which makes  
the skins of the two animals a good source of oil, which can be a  
supplement to fat foods. The fat content was 28.96% and 20.36% for 
pig and cane rat skins respectively, which was higher from the val-
ue of raw and cooked camel meat reported by Muhammad and 
Abubakar [26]. This increment may be due to the fact that meat fat 
is usually deposited in connective tissues, muscles and under the 
skin. Fat is a source of concentrated energy in meat, and are often 
avoided by consumers. However, fat serves as a transport compound 
that is very essential for the development of eating flavor in foods. 
Table 1 still contains other parameters calculated from the proxi-
mate values. It shows the various energy values as contributed by 
protein, fat and carbohydrate. The daily energy requirement for an 
adult is between 2500 - 3000kcal (10455 - 12548KJ) depending on 
his physiological state while that of infants is 740kcal (3094.68KJ)  
[28]. This implies that while an adult man would require between  
590 - 709g (taking the calculated energy of 1501KJ/100g) of his  
energy requirement, infants would require 174.9g (taking the  
calculated energy of 1501KJ/100g). On the whole this meant that  
samples with higher energy value would require lower quantity of 
sample to satisfy the energy needs of man and infants. The Utilizable 
Energy Due to Protein (UEDP%) for the samples (assuming 60%  
utilization) are 21.23, 17.45, 12.39 and 27.58% for dog, goat, pig and 
cane rat skins respectively. The UEDP % of dog, goat and cane rat were 
higher while that of pig compared favourably with the recommended 
safe level of 8% for an adult man who requires about 55g protein per 
day with 60% utilization. The PEF% values were generally high in all 
the skin samples and far above the recommended level of 30% [4] and 
35% [4] for total fat intake but nevertheless pig skin had the highest 
PEF%; this is useful for people wishing to adopt the guidelines for a 
healthy diet.

 Table 1 also depicts the mineral composition of the skin of four 
different animals (dog, goat, pig and cane rat). In the table, for the pig 
and cane rat skins, elements Ca, Mg and K were more concentrated 
than dog and goat skins, whereas element P was more concentrated in 
dog and goat skins than pig and cane rat skins. Elements Na, Mn and 
Zn were almost similar in all the skin samples.

Parameters Dog Goat Pig Cane Rat

Proximate 
Composition 

(mg/g)

Crude protein 32.17 ± 0.01a 27.36 ± 0.05b 25.36 ± 0.04c 40.30 ± 1.77d

Crude fat 07.07 ± 0.02a 07.32 ± 0.01a 28.96 ± 0.07b 20.36 ± 0.12c

Total ash 01.39 ± 0.03a 01.96 ± 0.01a 01.45 ± 0.03a 20.80 ± 0.25b

Crude fibre 02.20 ± 0.12a,b 03.26 ± 0.05b 03.22 ± 0.01b 01.10 ± 0.03a

Moisture 
content 13.83 ± 0.71a 09.31 ± 0.02b 06.55 ± 0.01c 12.44 ± 0.05d

Carbohydrate 
% 43.34 ± 0.10a 50.79 ± 0.25b 34.46 ± 0.10c 27.00 ± 0.02d

PEC % 736.78 863.43 585.82 459

PEF % 261.59 270.84 1071.52 346.12

PEP % 546.89 465.12 431.12 685.1

UEDP % 21.23 17.45 12.39 27.58

Energy 
(KJ/100g) 1545 1600 2088 1897

Mineral 
Composition 

(mg/g)

Phosphorus 
(P) 26.11 ± 0.17a 25.18 ± 0.25a 21.52 ± 0.02b 18.47 ± 0.01c

Calcium (Ca) 13.39 ± 0.10a 16.01 ± 1.77b 25.49 ± 0.12c 24.56 ± 0.01c

Magnesium 
(Mg) 05.31 ± 0.03a 06.22 ± 0.03a 09.80 ± 0.02b 11.32 ± 0.05c

Sodium (Na) 12.81 ± 0.05a 09.31 ± 0.17b 13.17 ± 0.25a 12.31 ± 0.02a

Potassium 
(K) 16.32 ± 0.01a 17.02 ± 0.10a 23.14 ± 0.03b 19.32 ± 0.02c

Zinc (Zn) 02.51 ± 0.05a 02.27 ± 0.25a 01.19 ± 0.02a 01.98 ± 1.77a

Manganese 
(Mn) 0.61 ± 0.25a 0.81 ± 0.04b 0.86 ± 0.01b 0.63 ± 0.05a

Iron (Fe) 02.49 ± 0.01a 02.38 ± 0.17a 02.62 ± 0.05a 02.47 ± 0.02a

Copper (Cu) 0.02 ± 0.00a 0.02 ± 0.00a 0.04 ± 0.01a 0.02 ± 0.01a

Mineral 
Ratio Param-

eters

K/Na 1.27 1.83 1.76 1.57

Na/K 0.78 0.55 0.57 0.64

Ca/P 0.51 0.64 1.18 1.33

Ca/Mg 2.52 2.57 2.60 2.17

[K/(Ca+Mg)]a 1.74 1.54 1.32 1.08

Table 1: Proximate composition (mg/g), mineral composition (mg/g) and  
mineral ratio parameters of the skin of the animals (on dry weight basis).

Values represent means ± standard deviation of triplicate readings. a = milli-
equivalent. Values with different superscript letters on the same row are sig-
nificantly different (P<0.05).

PEP = Proportion of Total Energy Due to Protein 

PEF = Proportion of Total Energy Due to Fat 

PEC = Proportion of Total Energy Due to Carbohydrate 

UEDP = Utilizable Energy Due to Protein
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 The list of the nutritionally important minerals as well as the  
computed mineral ratios present in the skin samples were also  
presented in table 1 and table 2. Minerals are important in human  
nutrition. It is well known that enzymatic activities as well as  
electrolytic balance of the blood fluid are related to the adequacy 
of Na, K, Mg and Zn. Potassium is very important in maintaining 
the blood fluid volume and osmotic equilibrium. Metal deficiency  
syndrome like rickets and calcification of bone is caused deficiency. 
Appreciable levels of all the essential minerals were present in the skin 
samples. In the tables, for the pig and cane rat skins, elements Ca, Mg 
and K were each more concentrated than dog and goat skins, whereas 
element P was more concentrated in dog and goat skins than pig and 
cane rat skins. Elements Na, Mn and Zn were almost similar in all 
the skin samples. The Ca/P of all the skins were comparably higher 
than 0.5 which is the minimum ratio required for favourable calcium  
absorption in the intestine for bone formation [29] although the lev-
el of Ca/P has been reported to have some effects on calcium in the 
blood of many animals [30]. The value of ratio of Na/K of goat and pig 
skins (0.55, 0.57 respectively) were lower than 0.6, the value that fa-
vours non-enhancement of high blood pressure disease in man while 
that of dog and cane rat were higher. Although for normal retention 
of protein during growth and for balancing fluid a K/Na ratio of 1.0 
is recommended [31], the high value of K/Na ratio (1.27, 1.83, 1.76 
and 1.57 for dog, goat, pig and cane rat respectively) obtained in the 
present report suggests that bringing the ratio down would require the 
consumption of food sources rich in Na. The Ca/Mg value obtained 
for the present skin samples (2.52, 2.57, 2.60 and 2.17 for dog, goat, 
pig and cane rat respectively) were fairly higher than the 1.0 recom-
mended. It means that both Ca and Mg would need adjustment for 
normal health.

 The milliequivalent ratio [K/(Ca+Mg)] of all the skin samples were 
comparably lower than 2.2 recommended, which means that the sam-
ples would not promote hypomagnesaemia in man [4,32]. Iron and Zinc 
are among the required elements for humans and their daily require-
ments for adults are 0.1 and 0.15mg/g respectively. Levels obtained in 
the present report are ((Zn) 2.51 ± 0.05, 2.27 ± 0.25, 1.19 ± 0.02, 1.98 ± 
1.77mg/g and (Fe) 2.49 ± 0.01, 2.38 ± 0.17, 2.62 ± 0.05, 2.47 ± 0.02mg/g) 
for dog, goat, pig and cane rat respectively. However zinc requirements 
can easily be met by consuming these samples. Generally from the  
recommendation set out by NRC/NAS, the daily requirement of Zn, 
Mn and Cu can easily be met while the diets may be supplemented 
with foods high in K, Na, Ca and P.

 The Mineral Safety Index (MSI) of the skin samples as presented in 
table 2 revealed that all the minerals tested in all the skin samples have  

their TV>CV, giving positive difference with Calculated Value (CV) 
ranging between 0.02 to 5.52. This meant that the MSI of all the skin 
samples are relatively low and might not be overloading the body in 
these minerals. It has been reported that abnormal high levels of Na, 
Mg and P in any food could cause the reduction of zinc in the small 
intestine [33].

 The total amino acids in the current report were 9.82, 8.81, 9.36 
and 11.15mg/g crude protein in dog, goat, pig and cane rat skins  
respectively (Table 3). Leucine was the most concentrated essential 
amino acid in all the skin samples, leucine content of cane rat skin was 
the highest followed by pig, dog and goat skins respectively (Table 3). 
Glutamic acid was the most concentrated amino acid in all the skin 
samples, also the value was higher in cane rat and pig skins followed  
by goat and dog skins respectively (Table 3). Tryptophan (Try)  
concentrations could not be determined. It has been report-
ed that most animal protein are low in Cys [34]. The case is 
the same in the present study; the Cys in the present study 
were 0.71, 0.47, 0.78 and 0.22 for dog, goat, pig and cane rat  
respectively. Information on the advantages of increasing the  
concentration of sulphur-containing amino acid in staple foods shows 
that Cys had positive effects on mineral absorption, particularly zinc 
[35].

 Table 4 shows the concentrations of Total AA (TAA), Total  
Essential AA (TEAA), Total Acidic AA (TAAA), Total Neutral 
AA (TNAA), Total Sulphur AA (TSAA), Essential Aromatic AA  
(EArAA) and their percentage values. The Leu/Ile ratios, their  
differences and percentage differences are contained in table 4.  
Non- essential amino acids have the highest % concentration (61.60, 
53.50) in dog and pig skins respectively while TEAA total essential  

amino acids had the highest % concentration (51.20, 58.80) in goat 
and cane rat skins respectively. The content of TEAA of dog, goat 
and pig skins (38.40, 51.20, and 46.50mg/g cp) were close to the 
value for egg reference protein (56.6mg/g cp) [21] while that of 
cane rat (58.80mg/g cp) was higher. Also, these values were com-
parably higher to the values reported for soya bean (44.4mg/g 
cp) [36] except that of dog which was lower. Table 4 also de-
picts the percent of Total Acidic Amino Acids (TAAA) (9.71%, 
14.50%, 18.30% and 25.40%) for dog, goat, pig and cane rat skins  
respectively. The percent of Total Acidic Amino Acids (TAAA) of 
pig and cane rat skins were found to be greater than the percent of 
Total Basic Amino Acids (TBAA) (15.90% and 13.60%) respectively,  
indicating that the protein in the two animal skins is probably acidic 
in nature while the percent of Total Acidic Amino Acids (TAAA) of 
dog and goat skins were found to be lower than the percent of Total  

Parameters Dog Goat Pig Cane Rat

TV CV D CV D CV D CV D

Phosphorus (P) 10 2.17 +7.83 0.21 +9.79 0.18 +9.82 0.15 +9.85

Calcium (Ca) 10 0.11 +9.89 0.13 +9.87 2.12 +7.88 0.20 +9.80

Magnesium (Mg) 15 0.20 +14.80 0.23 +14.77 0.37 +14.63 0.42 +14.58

Sodium (Na) 48 0.12 +47.88 0.09 +47.91 0.13 +47.87 0.12 +47.88

Potassium (K) 48 0.16 +47.84 0.16 +47.84 0.22 +47.87 0.19 +47.81

Zinc (Zn) 33 5.52 +27.48 4.99 +28.01 2.62 +30.38 4.36 +28.64

Manganese (Mn) 15 0.02 +14.98 0.03 +14.97 0.03 +14.97 0.02 +14.98

Iron (Fe) 6.7 1.11 +5.59 1.06 +5.64 1.17 +5.53 1.10 +5.60

Table 2: Mineral safety index of P, Ca, Mg, Na, K, Zn, Mn and Fe of the skin of the animals.

TV = Table Value; CV = Calculated Value; D = Difference (TV-CV)
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Basic Amino Acids (TBAA) (18.00% and 15.80%) respectively,  
indicating that the protein in the two animal skins (dog and goat) 
is probably basic in nature. The content of TSAA of all the samples  
(1.13, 0.89, 1.34, 0.48mg/g for dog, goat, pig and cane rat skins  

respectively) were lower than the 58mg/g cp recommended for infants  
[37].

 The Aromatic Amino Acids (ArAA) are the precursors of  
epinephrine and thyroxin [38]. The Essential Aromatic Ami-
no Acid (EArAA) in the study are 1.01, 0.93, 0.89, and 0.72 
for dog, goat, pig and cane rat skins respectively. The % ratios 
of TEAA/TAA in all the samples (dog, goat, pig and cane rat  
respectively) were 38.4, 51.2, 46.6 and 58.9% which were well above 
39% (except that of dog skin) considered to be adequate for ideal pro-
tein food for infants; 26% for children and 11% for adults [37]. The 
TEAA/TAA were strongly comparable to that of egg (50%) [39].

 The P-PER values of dog, goat, pig and cane rat skins (-0.20, -0.19, 
-0.11 and -0.09 respectively) were low. Clinical, biochemical and 
pathological observations in experiments conducted in humans and 
laboratory animals showed that high leucine in the diet impairs the 
metabolism of tryptophan and niacin and is responsible for niacin  
deficiency in sorghum eaters [40]. These studies suggested that the 
leucine/isoleucine balance is more important than dietary excess of 
leucine alone in regulating the metabolism of tryptophan and niacin 
and hence the disease process. The present Leu/Ile ratios of all the 
samples were moderate in value but nevertheless cane rat skin had the 
highest value. The EAAI can be useful as a rapid tool to evaluate food 
formulations for protein quality. The EAAI for soy flour is 1.26 [41] 
which is lower for the current result of 1.79, 1.82, 1.98 and 1.31 of dog, 
goat, pig and cane rat skins respectively.

 According to the amino acid scores (Table 5), the contents of  
essential amino acid in all the skin samples were almost the same. All 
the skin samples were adequate only in Leu, Met + Cys and Phy + Tyr 
based on FAO/WHO provisional essential amino acid scoring pattern,  
while they recorded low activities in some essential amino acids  
(Val, Thre and Lys), the skin samples may require supplementation 
with other rich sources in order to be used as confectionaries/or as 
a food supplement for any food material that is not adequate in es-
sential amino acid. It has been reported that the essential amino ac-
ids most often acting in a limiting capacity are Met (and Cys), Lys, 
and Try [42]. The first two limiting amino acids in this study were 
dog skin (Lys and Val), goat skin (Lys and Val), pig skin (Lys and 
Val) and cane rat skin (Lys and Val) (Table 5). Try could not be de-
termined. Also, table 5 showed that Val had the lowest score with a 
value of 0.008 and 0.009 in dog and goat skins respectively. For dog 
skin, the correction value is 100/0.8 (or 125) × protein of sample while 
for goat skin, the correction value is 100/0.9 (or 111) × protein of  
sample. This implies that this quantity of protein has to be taken  
(eaten) when they are the sole source of protein in the diet [43]. Ile had 
the lowest score with a value of 0.010 in pig skin while Lys and Thr had 
the lowest score with a value of 0.008 in cane rat skin.

Conclusion

 This present study has provided some biochemical information 
on the proximate composition, mineral element and amino acid 
profile of four different animal’s skins. There are indications that all 
these skins which are usually avoided by some people can contribute  
useful amount of nutrients, mineral elements and amino acids to  
human diet. Although cane rat skin had the highest qualities of them 
all, followed by dog, pig and goat respectively. There is need, however, 
to determine the vitamins and fatty acids present in these samples.  

Amino Acids Dog Goat Pig Cane Rat

Lysinea (Lys) 0.58 0.50 0.70 0.45

Histidine (His) 0.40 0.50 0.72 0.25

Argininea (Arg) 0.40 0.58 0.33 0.55

Aspartic acid (Asp) 0.40 0.58 0.41 0.75

Threoninea (Thre) 0.56 0.50 0.48 0.30

Serine (Ser) 0.28 0.39 0.40 0.52

Glutamic acid (Glu) 1.10 1.25 1.60 1.60

Proline (Pro) 0.40 0.52 0.82 0.32

Glycine (Gly) 0.50 0.90 1.20 1.20

Alanine (Ala) 0.48 0.53 0.35 0.49

Cystine (Cys) 0.71 0.47 0.78 0.22

Valinea (Val) 0.40 0.44 0.66 0.48

Methioninea (Met) 0.41 0.42 0.56 0.26

Isoleucinea (Ile) 0.50 0.60 0.40 0.40

Leucinea (Leu) 0.68 0.71 0.85 0.87

Tyrosine (Tyr) 0.40 0.48 0.30 0.24

Phenylalaninea (Phe) 0.61 0.45 0.59 0.48

Total 9.82 8.81 9.38 11.15

Amino Acids Dog Goat Pig Cane Rat

Total Amino Acid (TAA) 9.27 10.19 10.98 9.22

Total Non Essential Amino Acid 
(TNEAA) 5.71 4.97 5.86 3.79

% TNEAA 61.60 48.80 53.50 41.10

Total Essential Amino Acid (TEAA) 3.56 5.22 5.12 5.43

% TEAA 38.40 51.20 46.50 58.80

Essential Aliphatic Amino Acid 
(EAAA) 1.87 2.40 2.30 1.85

Essential Aromatic Amino Acid 
(EArAA) 1.01 0.93 0.89 0.72

Total Neutral Amino Acids (TNAA) 1.58 1.78 1.55 1.69

Total Acidic Amino Acid (TAAA) 0.90 1.48 2.01 2.35

% TAAA 9.71 14.50 18.30 25.40

Total Basic Amino Acid (TBAA) 1.67 1.61 1.75 1.25

% TBAA 18.00 15.80 15.90 13.60

Total Sulphur Amino Acid (TSAA) 1.13 0.89 1.34 0.48

% Cysteine in TSAA 63.40 62.80 58.20 45.80

Leu/IIe ratio 1.36 1.18 2.13 2.16

Leu - IIe (Difference) 0.18 0.11 0.45 0.47

% Leu - IIe (Difference) 26.47 15.49 52.94 54.02

Predicted Protein Efficiency Ratio 
(P-PER) -0.20 -0.19 -0.11 -0.09

Essential Amino Acid Index (EAAI) 1.79 1.82 1.98 1.31

Table 3: Amino acids composition (mg/g) of the skin of different animals.
aEssential amino acids

Table 4: Summary of some essential parameters of amino acid of the skin of 
the animals (mg/g crude protein).
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This will help to adequately establish their importance in human  
nutrition and provide basis for their maximum utilization.
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