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Effect Of Heat Processing On The Proximate
Composition And Energy Values Of African
Walnut (Plukenetiaconophora) And African Elemi
(Canariumschweinfurthii) Consumed As
Masticatories In Nigeria
Eugene N. Onyeike, Ernest A.Anyalogbu, Michael O. Monanu.
ABSTRACT: The effects of heat processing on the proximate composition and energy values of the seed kernel flours of African walnut (AW)and pulps
of African elemi (AE) used as traditional snacks in most parts of Nigeria were investigated. In the AW, values of moisture, ash, crude fibre and
carbohydrate decreased from raw to heat treated samples, while those of crude protein and crude fat generally increased. The increase or decrease in
these values was not significant at the 5% level. For instance, ash decreased from 6.05±1.71 in AW raw to 5.45±0.86 in AW 135. Crude fat was highest in
AW 45 (52.8±2.70) followed by AW 90 (51.7±1.61) and was lowest in AW raw (49.8±1.08), while calorific value was highest in AW 45 (612.2±11.7) followed by
AW 90 (609.3±6.23) and lowest in AW raw (593.4±6.75). Similar trends were observed in proximate composition of raw and macerated African elemi pulp
flour, and values between raw and heat processed samples did not generally differ significantly (P˃0.05). In AW rawthe percentage crude protein, crude
fat and then energy value in kcal 100g-1 sample were 26.2, 49.8 and 593.4 respectively, while in AE raw values were 14.6, 41.9 and 568.6 respectively. It
can be concluded that both AW and AE are oil-rich seeds and pulps, good nutrient sources that could contribute to the total protein, ash and energy
requirements of humans.
Keywords: masticatories, heat processing, proximate composition, energy values.
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INTRODUCTION
A significant proportion of the diverse foods available in the
environment have been neglected as technological options
focus on a few staple foods to address the problem of food
security and hunger[1]. There is need to look inwards for
locally available foods that are nutritious, cheap and easy to
prepare to combat malnutrition. It has been reported that
wild seeds and fruits offer a convenient but cheap means of
providing adequate supplies of minerals, fat, protein and
carbohydrate to people living in the tropics[2]. According to
Meregini [3], people of South-eastern Nigeria (across all
ages and classes) consume a wide range of fruits and
masticatories. Nkafamiyaet al.[4] reported the consumption
of edible wild seeds in the Northern Nigeria. The seed
kernels of African walnut and pulps of African elemi are
among
the
widely
consumed
masticatories
in
Nigeria.African walnut (Plukenetiaconophora) is a climbing
and twining tropical plant (Liane) – over 30m long. It is of
the family Euphorbiaceae and is commonly known in
Nigeria as ‗Ukpa‘ (Igbo),‘Asala‘ or ‗Awusa‘ (Yoruba),
‗Okhue‘ or ‗Okwe‘ (Edo) [5], [6]. The fruit is a capsule, 6-

10cm long by 3-11cm wide containing sub globular seeds
2-2.5cm long with a thin brown shell resembling the
template walnut (Plate I). The seed kernel is edible when
roasted or cooked. African elemi or bush candle
(Canariumschweinfurthii) is a large evergreen tree with a
long, clean, straight and cylindrical bole exceeding 50m. It
is indigenous to West and Central Africa and is locally
known in Nigeria as; ‘Ube mgba‘ (Igbo), ‗Atili‘ (Hausa) or
‗Origbo‘ (Yoruba). It is of the family Burseraceae and one of
the 75 species that make up the genius, Canarium. As
shown in Plate II, the fruit is a drupe containing a single
triangular shaped seed surrounded by a delicious purplish
green pulp [7].Generally, the fruit pulp is eaten either raw or
softened by macerating in warm water.
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Plate I. African walnut seeds
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Plate II. African elemi fruits
Heat-processed seed kernels of African walnut and African
elemi pulps are common traditional snacks in Nigeria.
According to FAO [8], both composition and nutritional
quality of foods can be altered by processing. Audrey et
al.[9] reported that heating can be both beneficial and
detrimental to nutrient content of foods.The present study is
designed to determine the effect of wet-heat processing on
the proximate composition and energy values of the two
Nigerian plant food samples used as masticatories.

MATERIALS AND METHODS.
Samples: Fresh fruit capsules of African walnut (AW) were
purchased from a farmer at Ojoto, Idemili South Local
Government Area of Anambra State, Nigeria. The capsules
were cut open with a sharp knife and the seeds were
collected.
Fresh fruits of African elemi (AE) were
purchased from NgwaRoad market in Aba, Aba South Local
Government Area of Abia State, Nigeria. The wholesome
seeds and fruits were sorted.
Sample processing:The wholesome plant samples were
washed in several changes of deionised water and divided
into four (4) lots. The first lots were used raw and
labelledAW raw and AEraw for African walnut and African
elemi samples respectively. The other lots were given
different wet-heat treatments. Trial cooking using their
respective traditional cooking methods showed that
accepted eating tenderness was obtained for African walnut
by boiling in water (99±1oC) for 90 min and, for African
elemi by macerating in hot water (55oC) for 30 min. The 2nd,
3rd and 4th lots of African walnut were boiled in water
(99±1oC) for 45, 90, and 135 min and labelled AW 45, AW 90,
and AW 135 respectively. While the 2nd, 3rd and 4th lots of
African elemi were macerated in hot water (55oC) for 15, 30
and 45 min and labelled AE15, AE30, and AE45 respectively.
The water used was discarded. The shell of AW raw, AW 45,
AW 90 and AW 135 were cracked with a hammer and the
kernels collected. The fruit pulps of AEraw, AE15, AE30, and
AE45 were scrapped from the ―stones‖ with a knife. Both
kernels and pulps were sliced thinly with a knife (to facilitate
drying) and dried for 48 hr in an air-circulatory oven (50oC)
(Universalwärmeschrank, UNB 100). The oven-dried
samples were ground in a mill (Model BL357. Kenwood,
Birmingham UK), passed through a 60-mesh size screen
and used in the analyses.
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Determination of proximate composition and energy
values of raw and heat processed samples
All the analyses were carried out in triplicates using the
recommended methods of the Association of Official
Analytical Chemists [10]. Moisture was determined using
Oven-drying/Evaporation method [10]. Three grams of the
sample was dried at 105oC for 2 hr to a constant weight in
an air-circulatory oven (Universalwärmeschrank, UNB 100).
Loss in weight was taken as a measure of moisture content
of the sample, and calculated as percentage of the sample
weight. Ash was determined using Incineration
(Combustion) method [10]. Three grams of the dried
sample was incinerated at 550oC for 4 hr in a muffle
furnace until ash was obtained. The non-combustible
residue represented the ash and was calculated as
percentage of the weight taken. Crude protein was
estimated by a process developed by Kjeldahl (1883) as
described in the Official Methods of Analysis (No.2.057) of
AOAC [10] in which Kjeldahl nitrogen was determined. The
method involved the digestion of 2.0g sample with 20ml
concentrated H2SO4, distillation of the digest to liberate
ammonia which was trapped into 2.0% boric acid solution,
followed by titration with 0.10MHCl. The % nitrogen was
multiplied by a factor of 6.25 to obtain % protein, since
proteins on the average, contain 16% nitrogen i.e. 100/16,
[11].Crude fat was determined by the gravimetric semicontinuous solvent extraction method contained in the
Official Methods of the Association of Official Analytical
Chemists [12] as described by [11]. The method involved
exhaustively extracting 5.0g sample in a Soxhlet apparatus
using petroleum ether (40-60oC) as extractant. Crude fibre
was evaluated following the gravimetric method as
described in the AOAC method [10]. Three grams of the
sample (pre-dried at 105oC) was extracted with 200ml
boiling 1.25% H2SO4 and 1.25% KOH leaving the nondigestible organic (fibre) and inorganic (ash) matter as
residue. Incineration eliminated the fibre which was
estimated as weight lost upon incineration of the residue
and expressed as percentage of the weight taken. Total
carbohydrate was obtained by the difference method as
described by Onyeike and Omubo-Dede [13].That is, total
carbohydrate (%) = 100 – (%Moisture + % Ash + %crude
protein + %crude fat). The energy content was calculated
by multiplying the mean values of crude protein, crude fat
and total carbohydrate by the Atwater factors of 4, 9 and 4,
respectively, summing the products and expressing the
results in kilocalories per 100g sample (kcal 100g -1) as
reported by Onyeike and Nkwuzor [14].

DATA ANALYSIS
Data were analyzed by analysis of variance (ANOVA) and
means were compared by the Duncan‘s multiple range
test[15]. Significance was accepted as 5% level (p ˂ 0.05)
or 95% confidence limit.
RESULTS AND DISCUSSION
The results of proximate composition of raw and cooked
African walnut (AW) are shown in Table I, while those for
African elemi (AE) are presented in Table II. The magnitude
of the effect of heat treatment on the proximate composition
which is represented as difference between the raw and
cooked samples is shown in Tables III and IV respectively
for the two plant foods.The moisture content of African
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walnut flour (Table I) was significantly (p ˂ 0.05) decreased
at all levels of cooking, ranging from 3.0% (in AW raw) to
1.52% (in AW 135). The reduction in moisture level was
progressive ranging from 37.9% at 45min to 49.5% at 135
min of cooking (Table III). In contrast, the moisture content
of African elemi was significantly increased at all levels of
processing, ranging from 2.66% to 4.45% (Table II). The
effect of cooking on dry matter content of the samples
followed the same pattern as its effect on moisture
contents. The range was 97.0 - 98.5% (1.13 - 1.55%
increase) in African walnut and, 97.3 - 95.8 (1.75 - 1.54%
reduction) in African elemi. In both AW and AE, crude fibre
decreased with time of cooking, but the decrease was not
significant at the 5% level (Tables I & II). The crude protein
content was generally increased in African walnut (Table I)
and decreased in African elemi (Table II). The crude fat
contents of raw AW and AE were 49.8 and 41.9g/100g
respectively and were not significantly (p˃0.05) affected by
heat processing. The total carbohydrate contents of the
samples (Tables I and II) were not significantly (p˃0.05)
affected by processing. African elemi had relatively higher
totalcarbohydrate content than AW. In both samples (AW
and AE) heat processing did not affect significantly (p˃0.05)
the energy contents.The moisture content of the two plant
foods at all levels of processing were generally lower than
the values reported by other researchers for comparable
plant foods (Table V). Moisture occurs in food in form of
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bound, adsorbed or free water. The free water is easily lost
on drying (heating) unlike the bound and adsorbed water
that appear to be associated with proteins present [16].
Cooking (maceration), according to Sefa-Dedeh et al.[17] is
a form of hydrothermal processing that involves hydration
and heating. The higher moisture contents of African elemi
may be due to the lower processing temperature (55 oC)
compared to that of African walnut, (99±1oC).Moisture
content is of significance as it is one of the determinants of
shelf-life of processed foods [18]. Water is required for
microbiological growth and biochemical reactions that
underline deterioration [16]. Consequently, the quality of
African walnut kernel flour with lower moisture content,
would keep longer than that of African elemi pulp. Cooking
decreased the ash contents of the two samples (Tables I
and II). Earlier reports have shown that heat processing
decreased the concentration of ash in foods (Table V). The
value of 6.05–5.45g/100g sample for AW was high but
comparable to the values of 4.48-4.20g/100g sample
obtained for jack beans [19]. The ash content is a measure
of the total amount of non-combustible inorganic minerals
[20]. The results showed that the two plant foods at all
levels of processing are good sources of dietary minerals
needed for most of the physiological processes taking place
in the body. The observed reduction in the ash contents
with time of cooking may be due to leaching of minerals into
the water used for the wet-heat processing.

Table I. Proximate composition of raw and cooked African walnut (AW) seed kernel flour
Proximate composition (g/100g sample)
Constituents
AW raw
AW 45
AW 90
AW 135
Moisture
3.01± 0.03a
1.87±0.27b
1.62±0.41b,c
1.52±0.8c
b
a,b
a
Dry matter
97.0±0.26
98.1±0.27
98.4±0.41
98.5±1.31a,b.
b
b
a,b
Crude protein
26.2±0.61
26.2±0.74
26.9±61
27.7±0.68a
a
a
a
Ash
6.05±1.71
5.57±1.01
5.48±0.77
5.45±0.86a
a
a
a
Crude fat
49.8±1.08
52.8±2.70
51.7±1.61
51.4±4.82a
Crude fibre

5.85±0.55a

5.47±0.62a

5.21±0.37a

5.26±0.17a

Total carbohydrate

10.1±0.98a

8.04±2.91a

9.11±2.69a

8.71±4.53a

Energy
value
(kcal/100g
593.4±6.75a
612.2±11.7a
609.3±6.23a
608.2±23.1a
sample)
Values are means ± standard deviations of triplicate determinations. Values in the same row
bearing the same superscript letters are not significantly different at the 5% level (p˃ 0.05).
The recommended dietary allowance (RDA) for fibre is 38g
and 25g/day for adult male and female respectively
[21].Thus, 100g of AW could provide 14 – 15% and 21 –
23%; and AE 10% and 15% of daily dietary requirements of
fibre for adult male and female respectively. Crude fibre is
the amount of indigestible sugars present in a food sample
which has the physiological role of adding bulk to stool, and
thus contribute to the maintenance of internal distensions
for a normal peristaltic movement [22]. By facilitating
peristalsis, dietary fibre helps to reduce many
gastrointestinal diseases, serum cholesterol, risk of
coronary heart disease, colon and breast cancer and
hypertension [23]. Most fibres are carbohydrates with
varying degree of solubility in water. The decrease in crude
fibre content during processing could be attributed to
solubilization as increase in temperature leads to breakage

of weak bonds between polysaccharide chains and
glycosidic linkages in dietary fibrepolysaccharides[24].
These result in a decreased association between fibre
molecules and/or a depolymerization of the fibre bringing
about solubilization[8]. The crude protein value of the raw
AW (26.2g/100gsample) is comparable to the value of
25.7g/100sample obtained by Akintayo and Bayer [25].
Cooking has been reported to decrease the protein levels of
African yam beans [13], cowpea [26], African bread fruit
[27] and groundnut seeds [28]. The crude protein content of
AW which ranged from 26.2g/100g in AW raw to 27.7g/100g
in AW 135 was comparable to the values of 23.1 - 40.0g/100g
sample reported for some protein – rich plant foods such as
soybeans, cowpea, melon, pumpkin seeds, gourd seeds,
Jack beans, cashew nut and groundnut [29], [13], [26], [30],
[31],
[19].
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Table III: Differences in proximate compositions and energy values between raw and
cooked African walnut (AW) seed kernel flour.
Difference (percentage difference)
Constituents
AW 45 – AW raw
AW 90 – AW raw
AW 135 – AW raw
Moisture
-1.14(37.87)
-1.39(46.18)
-1.49(49.50)
Dry Matter
1.10(1.13)
1.40(1.44)
1.50(1.55)
Crude protein
0.00
0.70(2.67)
1.50(5.73)
Ash

-0.48(7.93)

-0. 57(9.42)

-60(9.92)

Crude fat

3.0(6.02)

1.90(3.82)

1.6(3.21)

Crude fibre

-0.38(6.50)

-0.64(10.94)

-0.59(10.09)

Total carbohydrate

-2.06(20.40)

-0.99(9.80)

-1.39(13.8)

Energy value

19(3.20)

16(2.70)

14(2.36)

a

Values in parentheses are percentage changes after cooking.

Table IV: Differences in proximate compositions and energy values between raw and macerated
African elemi (AE) pulp flour.
Difference (percentage difference)
Constituents
AE15 - AEraw
AE30 – AEraw
AE45 – AEraw
Moisture

1.79(67.3)

1.56(58.7)

1.24(58.7)

Dry Matter
-1.70(1.75)
-1.50(1.54)
Crude protein
-1.40(9.59)
-2.01(13.8)
Ash
-0.67(17.05)
-0.68(17.3)
Crude fat
0.68(1.62)
0.77(1.84)
Crude fibre
-0.07(1.84)
0.09(2.39)
Total carbohydrate
-0.42(1.27)
0.36(1.08)
Energy value
-1.2(0.21)
0.30(0.05)
a
Values in parentheses are percentage changes after cooking.

-1.50(1.54)
-2.04(14.0)
-0.41(10.4)
0.91(2.17)
0.09(2.39)
0.04(0.12)
0.2(0.04)

Table V: Proximate composition of selected plant foods.
Proximate composition (g/100g sample)
Moisture

Crude
Protein

Ash

Crude
fat

Crude
fibre

Total
carbohydrate

R:

5.92

26.3

3.85

53.23

--

10.7

Energy
value
(kcal)
521.83

C:

4.43

28.0

3.75

53.03

--

10.8

632.43

R:

11.4

24.1

3.50

2.95

--

58.1

355.4

C:

8.77

18.4

2.63

4.10

--

66.2

354.4

R:

11.25

18.32

1.62

1.31

1.31

77.44

394.8

C:

10.91

14.12

1.27

1.03

1.17

82.41

395.4

R:
C:
R:
C:

9.67
10.34
6.15
6.75

18.87
14.12
35.55
38.20

4.94
2.26
5.80
4.00

49.23
56.78
20.25
17.50

6.17
4.45
7.12
9.75

11.12
12.05
31.28
30.55

539.68
575.71
449.6
432.5

R:

3.76

24.50

3.04

47.90

9.49

11.31

574.34

C:

5.70

16.11

2.70

38.81

18.64

18.04

493.6

Groundunt
[41]

R:
C:
R:

8.41
6.45
2.40

29.8
30.3
15.30

4.48
4.20
4.40

4.20
4.06
15.80

7.37
6.73
3.60

50. 80
47.13
49.0

372.9
377.7
401.1

Jack beans [19]

C:

2.90

18.40

2.70

10.20

4.70

61.10

424.3

Red kidney beans
[42]

Plant
fooda[Reference]
Melon seeds [29]

Cowpea [26]
African bread fruits
[27]
Beniseed [35]
Soybean [38]
seeds
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R:

9.69

22.50

3.86

3.76

--

60.19

364.6

C:

9.90

20.40

2.55

2.13

--

65.02

360.9

Brown African yam
bean [13]

5.70

25.3

4.40

36.7

1.20

26.8

536.0

Cashewnut [32]

32.9

_

Cordiasebestena[18]

R:

8.0
11.5
0.5
40.3
7.3
R:
a
R: = Raw sample, C:= cooked / boiled sample.
The crude protein range of (12.6-14.6g/100g sample) for
AE is comparable to the value of 11.5g/100g sample
obtained for Cordiasebestena [18]. The recommended
dietary allowance (RDA) of protein for men and women are
56 and 46g respectively [21], and 23-36g for children [32]. A
100g of raw and cooked AW can thus provide 46.8-49.5%,
and 57.0-60.2% of the RDA of protein for men and women
respectively and adequately supply that of children, while
100g of AE on the other hand can provide 22.5 - 26.1% and
27.3 - 31.7% of the RDA of protein for men and women
respectively, and 42.6 - 49.5% for children. These levels of
crude protein may qualify the samples as good sources of
dietary protein if bio-available and easily digestible by the
body. Protein serves as the major structural components of
all cells in the body, and functions as enzymes, transport
carriers, and some hormones. Dietary protein is an
important macronutrient in human nutrition being the source
of essential amino acids for the synthesis of the body‘s
proteins. According to Huet al. [33], there is an inverse
relationship between protein intake and risk of coronary
heart disease(CHD). The decrease in crude protein content
of AE due to cooking could be attributed to leaching of
nutrients into the cooking water and may also have resulted
from Maillard reaction [34], [28] or protein denaturation [35].
The progressive increase in protein in AW as time of heat
treatment increased may be due to progressive loss of
moisture with increased cooking time. Based on the values
obtained for crude fat, the food samples may be classified
as oil-rich. The recommended daily energy allowance is
2100 - 2550kcal for male and 1800 - 2000kcal for female
[21]. The crude fat for AW (49.8 - 52.8g/100g sample), and
AE (41.9 - 42.8g/100gsample) could provide 448.2 475.2kcal and 377.1 - 385.2kcal of energy respectively.
Hence, while the crude fat of AW could provide over 21%
and 25% of the daily energy need for male and female
respectively, that of AE can provide 18% and 21%
respectively. The two plant foods could be adjudged good
sources of dietary fats since the RDA of fat requires that the
fat component of the food provides 20 - 35% of the daily
calorific need [36].Fats (lipids) are structural components of
all tissues and are indispensable for the assembly of
membranes of cells and cell organelles. They are sources
of essential fatty acids for the body‘s fat synthesis, and
serve as vehicles for the absorption of fat–soluble vitamins
and other precursors. Dietary fats slow gastric emptying
and intestinal motility thereby prolonging the length of time
food is left in the stomach – increasing the satiety values of
meals. This is particularly important for infants and children
due to their small stomach size [37]. Increase in the crude
fat content of the samples with processing time may be
attributable to the disruption of the cell structure and
membrane partitions of the seeds by heat during boiling
which also caused the fat to melt and then be easily
extractable. AW gave low total carbohydrate content that
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was decreased by cooking giving the range 8.0410.10g/100g sample. This value is comparable to the
values 10.7 - 10.8, 11.12 - 12.05 and 11.31 - 18.04g/100g
sample reported for melon, beniseed and groundnut seed
respectively (Table V). The decrease in the total
carbohydrate due to boiling was highest (20.4%) when the
sample was cooked for 45min. The decrease in total
carbohydrate had been reported on Jack beans [19], and
soybean [38]. Dietary carbohydrate is the primary source of
energy for the brain and important for the maintenance of
glycemic homeostasis and, for gastrointestinal integrity and
function. The recommended daily allowance for
carbohydrate for adult men and women is 130g [21]. With
the total carbohydrate value ranging from 8.04-10.1g per
100g sample, AW is a poor source of carbohydrate being
able to provide only 6 - 8% of the RDA for carbohydrate per
100g. AE is relatively a good source of dietary carbohydrate
having carbohydrate value ranging from 33.2 - 33.56g/100g
sample. During cooking, a hydrothermal processing that
involves heat hydrolysis of carbohydrate, there is
gelatinization of starch. This refers to the disruption of
granular structure, hydration, swelling and solubilization of
starch molecules [39]. The relatively soluble simple
disaccharides and monosaccharide produced increase the
availability of detectable carbohydrate. The leaching of the
simple sugars into the cooking water could lead to reduction
in the total carbohydrate contents of samples [40]..The
energy density of each of the two plant foods, which is the
amount of energy stored in a specific food per unit volume
or mass (usually in 100g), was not appreciably affected by
processing.
The
least
energy
values
of
593.4kcal/100gsample for rawAWcould account for 23-28%
and 30-33% of the recommended daily energy allowance of
2100 - 2550kcal for male and 1800 - 2000kcal for female
respectively [21],while568.6kcal/100gsample for raw AE
could provide 22-27% and 28-32% of the RDA of energy for
male and female respectivelyThe two samples, at all levels
of processing, could therefore be adjudged good sources of
energy.

Conclusion:
It can be concluded that heat-processing did not
considerably affect the nutrient values of African walnut and
African elemi. The two masticatories hitherto consumed as
snacking items have high energy and nutrient contents and
could be exploited to enhance the nutritional status of the
consumer. Due to low moisture contents, the observed
quality of the processed samples could keep for a long time
and therefore have the potential for incorporation in the
weaning/complimentary feeding for children.

REFERENCES
[1] Shrimpton R.C.,Prudhon and K.Engesen(2008)
The Impact of high food prices on nutrition In:
299

IJSTR©2015
www.ijstr.org

INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 4, ISSUE 08, AUGUST 2015

Landscape Analysis on Countries‘ Readiness to
Accelerate Action on Nutrition. Geneva SCN News.
[2] Eromosele I.C., C.O. Eromosele and D.M.
Kuzhkuzho (1991) Evaluation of mineral elements
and ascorbic acid contents in fruits of some wild
plants. Plant Foods Human Nutri. 41, 151-154.
[3] Meregini A.O.A. (2005). Some Endangered plants
producing edible fruits and seeds in Southeast
Nigeria. Fruits, 60 (3), 211-220).
[4] Nkafamiya I.I., U.U. Modibbo, A.J. Manji, and D.
Haggai (2007) Nutrient contents of seeds of some
wild plants. Afr. J. of Biotechnol. 6 (4), 1665-1669.
[5] Burkill H.M. (1994)Plukenetiaconophora Mull. Arg.
Useful plants of West tropical Africa vol. 2. Families
E.I. Royal Botanical Gardens, Kew.
[6] Chukwuma M. (2008, October 8). Walnut as
panacea for stress, Infections, infertility.The
Guardian Newspapers, Lagos, Nigeria.

(Anarcardiumoccidentale)
Africana.5 (1): 53-65.

ISSN 2277-8616

flours.

Sciencia

[15] Duncan B.O. (1955). Multiple range and Multiple Ftests. Biometrics, 11, 1-42.
[16] Egan H., R.S. Kirk and R. Sawyer (1981)
Pearson‘s chemical analysis of foods. (8th Ed.).
Churchill Livingstone. London.
[17] Sefa-Dedeh S., D.W. Stanley and P.W. Voisey
(1978) Effect of soaking time and cooking
conditions on texture and microstructure of
cowpeas (Vigeaunguiculata). J.of Food sci.43,
1832-1838.
[18] Agunbiade F.O., B.C. Adeosun and G. G.
Daramola (2013) Nutritional properties and
potential values of Cordiasebestena seed and
seed oil. The J.of Food, 38 (3) 127-133.

[7] Agu H.O., J.A. Ukonze and N.O. Uchola (2008)
Quality characteristics of crude and refined ‗atili‘ oil.
Pak. J. of Nutri, 7 (1), 27-30.

[19] Doss A.M. Pugalenthi, V.G.Vadivel, G. Subhashini,
and A.R. Subash (2011) Effect of processing
technique on the nutritional composition and
antinutrients content of under-utilized food legume
Canavaliaensiformis L.D.C. Int. Food Res. J. 18
(3), 965-970.

[8] FAO (1998) Effect of food processing on dietary
carbohydrate: carbohydrate in human nutrition
(FAO food and nutrition paper-66). Report of a joint
FAO/WHO Expert consultation. Rome.

[20] Wheat Marketing Center, WMC (2008) Wheat and
Flour Testing
Methods:
A
guide
to
understanding wheat and flour quality,
Version
2, 30-31.

[9] Audrey M., B. Audia, and B. Olive – Jean (2004)
Effect of processing on nutrient content of foods.
Cajariticles, 37(3), 160-164.

[21] Dietary Reference
intakes
(DRIs)
(2004)
Recommended intakes for individuals. Food and
nutrition Board, institute of medicine, National
Academics.

[10] AOAC (Association of Official Analytical Chemists),
(2006) Official Method of Analysis of the AOAC (W.
Horwitiz Editor) Eighteenth Edition, Washington,
D.C.
[11] Onyeike E.N., E.O. Ayalogu and C.C. Okaraonye
(2005) Nutritive value of the larvae of raphia palm
beetles
(Oryctes
rhinoceros)
and
weevil
(Rhyncophoruspheonicis). J. of the Sci. of Food
and Agr. 85, 1822-1828.
[12] AOAC (Association of Official Analytical Chemists),
(2000) Official Methods of Analysis, 17th Edition.
Gaitherburg, M.D.
[13] Onyeike E.N. and T.T. Omubo-Dede (2002) Effect
of heat treatment on the proximate composition,
energy values, and levels of some toxicants in
African yam bean (Sphenostylisstenocarpa) seed
varieties. Plant Foods for Human Nutri. 57,223231.
[14] Onyeike E.N. and N.F. Nkwuzor (2006) Evaluation
of the Nutritional Quality of Diets formulated from
processed
cashew
nut
seeds

[22] Akinyele B.J. and O.S. Oloruntoba (2013)
Comparative studies on Citrullus vulgaris,
Citrulluscolocynthis and Cucumeropsismannii for
‗Ogiri‘ production. Br. Microbiol. Res. J. 3 (1), 1-18.
[23] Ganong W.F. (2003) Review of Medical
Physiology. (21st ed.), McGraw Hill. Companies
Inc., New York, pp. 316-318.
[24] Căpriţă A., Căpriţă, R., Simulescu, V.O. and Drehe,
R.M. (2011). The effect of temperature on soluble
dietary fiber fraction in cereals.J. of Agroalimentary
Processes and Technol., 17 (3), 214-217.
[25] Akintayo E.T. and E. Bayer (2002) Characterization
and some possible uses of Plukenetiaconophora
andAdenopusbreviflorus seeds and seed oils.
Biores. Technol. 85, 95-97.
[26] Onyeike E.N. and U.N. Uzoka (2006) Nutritional
quality of food formulated from cowpea-millet –
crayfish mixtures. Global J. of Pure and Appl. Sci.
12(4), 513-519.

300
IJSTR©2015
www.ijstr.org

INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 4, ISSUE 08, AUGUST 2015

[27] Ijeh I.I., C.E. Ejike, O.M. Nkwonta and B.C. Njoku
(2010) Effect of fractional processing techniquies
on the nutritional and phytochemical composition of
African bread fruit (Treculiaafricana) seeds. J. of
Appl.Sci. and Envir.Managt. 14 (4), 169-173.
[28] Adeyeye E.I. (2010). Effect of cooking and roasting
on the amino acid composition of raw groundnut
(Arachishypogaea)
seeds.ActaScientiarumPolonorum,
TechnologiaAlimentaria, 9 (2), 201-216.
[29] Onyeike E.N., T. Olungwe and A.A. Uwakwe
(1995) Effect of heat-treatment and deffating on the
proximate composition of some Nigerian local soup
thickeners. Food Chem. 53, 173-175.
[30] Olaofe O., F.O. Adeyemi and G.O. Adediran(1994)
Amino acid and mineral
composition and
functional properties of some oil seeds. J. of Agr.
Food Chem. 42, 878-884.
[31] Mamiro P.S., A.M. Mgwaga, D.P. Mamiro, A. W.
Mwanri and J.L. Kinabo (2011) Nuttritional quality
and utilization of local and improved cowpea
varieties in some regions in Tanzania. Afr. J. of
Food, Agri. Nutri.and Dev. 11 (1), 4490-4506.

ISSN 2277-8616

sugars and phytic acid of soybeans. Food and
Public Health. 2 (1), 3-6.
[38] Biliaderis C.G. (1991) The structure and
interactions of starch with food constituents. Ca. J.
of Physiol.and Pharmacol. 69, 60-78.
[39] Ilelaboye N.O.A., I.A. Amoo, and O.O.Pikuda
(2013) Effect of cooking methods on proximate
composition, gross energy and dietary fibre of
some green leafy vegetables. Eur. J. of Appl. Eng.
and Sci. Res. 2 (2), 41-47.
[40] Eke-Ejiofor, J., D.B. Kiin-Kabari and E.C. Chukwu
(2012) Effect of processing method on the
proximate, mineral and fungi properties of
groundnut (Arachis hypogea) seed. J. of Agri. And
Biol. Sci. 3(1): 257-261.
[41] Audi S.S. and M.O. Aremu (2011) Effect of
processing on chemical composition of Red kidney
bean (Phaseolus vulgaris L) flour. Pak. J. of Nutri.
10(11): 1069-1075.

[32] Aremu M.O., A. Olonisakin, D.A. Bako and P.C.
Madu
(2006)
Compositional
studies
and
physicochemical characteristics of cashew nut
(Anarcadiumoccidentale) flour. Pak. J. of Nutri. 5
(4) 328-333.
[33] Hu F.B., M.J. Stampfer, J. E Manson, E. Rimm,
G.A. Coditz, F.E. Speizer, C.H. Hennekens and
W.C. Willett (1999) Dietary protein and risk of
ischemic heart disease in women. Am. J. Cli. Nutri.
70, 221-227.
[34] Wei Z.Y., J.S. Wang, Z.Y. Cao, Z.Y. Zhang and
X.J. Li (2009)
Effect of high temperature high
humidity on contents of protein, amino acids and
sugars in wheat grains. J. Chinese Cereals Oils
Assoc. 24 (9), 5–11.
[35] Adeniyan O.O., E.O. Ibukun, Y. Ogunbolude and
M.I. Eseigbe (2013) Effect of boiling on the
nutritional composition and antioxidant properties
of Beniseed sesame (Sesamumindicum L).Food
Sci. and QualiManagt. 11, 39-48.
[36] Coleman E. (2013) Recommended daily fat intakes
for
females.
Healthy
Eating.(http://healthyeating.sfgate.com/recommend
ed-daily-fat-intakes-female-6305.html). Accessed:
16-10-2013.
[37] FAO (2010) Fats and fatty acids in human nutrition:
report of an expert consultation. FAO Food and
Nutrition Paper, 91, 10-14 Nov. 2008. Geneva. [38]
Ramadan E.A (2012) Effect of processing and
cooking methods on the chemical composition,

301
IJSTR©2015
www.ijstr.org

