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ABSTRACT

The chemical composition and nutritional value of two edible Euphorbiaceae (Ricinodendron heudelotii and Tetracarpidium conophorum)
from Cameroon were determined. Protein content of defatted flours from these plants was high (44.5 — 47.9% of dry weight). Dietary
fiber contents were 9.7 and 10.9%, respectively. Phospholipids were in low quantities and they were close to 9% of dry weight in both
defatted flours, with oleic and linoleic acids representing more than 33% of total fatty acid. For all the essential amino acids the amount in
T. conophorum defatted flour exceeded the value in FAO/WHO (2007) scoring pattern. There were no significant (P > 0.05) differences
between the values obtained for Protein Efficiency Ratio, Net Protein Ratio, True Digestibility and Net Protein Utilization of diets
containing 7. conophorum and casein. True Digestibility Corrected Amino Acid Scores and Net Protein Utilization Corrected Amino Acid
Scores were more than 150% with 7. conophorum defatted flour, indicating the nutritional superiority of this sample.
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Abbreviations: AAS, Amino Acid Score; AAS;, Lowest AAS; DMRT, Duncan’s Multiple Rangle Test; DW: Dry Weight; NPR, Net
Protein Ratio; NPRCAAS, Net Protein Ratio Corrected Amino Acid Score; NPU, Net Protein Utilization; NPUCAAS, Net Protein
Utilization Corrected Amino Acid Score; PER, Protein Efficiency Ratio, PERCAAS, Protein Efficiency Ratio Corrected Amino Acid

Score; TD, True Digestibility; TDCAAS, True Digestibility Corrected Amino Acid Score

INTRODUCTION

Oilseeds are grown and used in many parts of the world.
These seeds are used as vegetable sources of lipids (40 —
50%) and proteins (20 — 40%) (Moure ef al. 2006). Some of
them like rapeseed, soya bean and peanuts are known as
proteins sources (Moure et al. 2006). With the continuing
increase of the population in Subsaharan Africa, conven-

tional oilseeds do not meet the nutritional need (FAO 2008).

Ricinodendron heudelotii and Tetracarpidium conopho-
rum are two of many non-timber forest products in Came-
roon. Both plants belonging to the Euphorbiaceae family
are used as oilseeds. R. heudelotii is a tree of 30 m in length
with 3 m circumference. Kernels known as djansang (duala
and bassa dialects in Cameroon) are used as soup thickener.
T. conophorum is a sarmentous plant of about 30 m in
length. Fruits known as ngak (bangangte dialect in Came-
roon) are usually eaten as mouth fruit after cooking (Edem
et al. 2009).

Kernels of R. heudelotii and T. conophorum contained
more than 50% of total lipids with 70% of conjugated lino-
lenic acid and more than 50% of crude proteins (Tchiégang
et al. 2006). Nutritional research has been carried out on
lipid extracted from kernels for their valorization as nutra-
ceutic and therapeutic oil (Tchankou Leudeu et al. 2009).
Because of their high protein content, both defatted flours
of R. heudelotii and T. conophorum have a nutritional inter-
est. The electrophoretic pattern of their defatted flours
showed that albumins and prolamins were more represented
(Mezajoug Kenfack 2010).

Millions of people in Sub-Saharan Africa are depending

on vegetable products, mainly cereals and legumes as daily
dietary proteins. So that protein malnutrition in this region
is increasing. In the other hand, demography is growing up:
2.6/year (FAO 2008). It is therefore a call for a continuous
search for cheap plant proteins. R. heudelotii and T. cono-
phorum which are tropical non conventional oilseeds could
be potential candidates in this regard.

Few studies have been worked on the nutritional value
of defatted flours from R. heudelotii and T. conophorum
(Tchiégang and Mezajoug Kenfack 2003; Tchiégang et al.
2006). In this investigation, we examined the proximate
chemical composition, amino acids, in vitro, and in vivo
protein digestibility of defatted flours of these two Euphor-
biaceae in order to assess their potential nutritive qualities.

MATERIALS AND METHODS
Sample preparation

R. heudelotii and T. conophorum kernels were collected from
Mbalmayo and Melong markets respectively in Cameroon in
August 2008. The samples were acheminated to the laboratory and
treated one week after. They were ground and then extracted with
hexane in a Soxhlet extractor for 8 h to remove triacylglycerols
lipid fraction. The defatted flours were ground with a household
flourmill (Moulinex, France) and sift by sieve of 500 pum size
(AFNOR). R. heudelotii and T. conophorum defatted flours with
particles size lower than 500 um were used as the starting material.
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Chemicals and reagents

Trichloroacetic acid, glucose and permanganate potassium
(KMnO,) solvents of analytical grade were purchased from Fis-
cher Bioblock Scientific (France).

Chemical analyses

Moisture, crude protein and ash contents were determined using
AOAC (1990) approved methods. For determination of non-nitro-
gen protein, 1 g defatted flours was extracted by stirring in 50 ml
of aqueous trichloroacetic acid 24% (w/v) for 1 h. The slurry was
centrifuged at 4500 rpm and the supernatant recovered to deter-
mine nitrogen content (AOAC 1990). Total fiber was estimated
(Lee et al. 1992), soluble sugars were measured using a standard
curve of glucose (Tood Deal ef al. 2002). Phytate and polyphenols
were determined according to AOAC (AOAC 1999). The oxalate
contain was determined by titrating an aliquot of extracts from the
homogenized samples with 0.09 N KMnO, (AOAC 1990).
Residual lipids associated with defatted flours were extracted
following the modified method of Folch er al. (1957). Lipids
classes of the crude oils were separated by the thin layer chroma-
tography latroscan MK-5 (Iatron Laboratories Inc., Tokyo, Japan)
coupled with a flame ionization detector. Fatty acid methyl esters
were prepared and analyzed by gas chromatography (Périchrom,
Saulx-les-Chatreux, France) (AOAC 1990; Grodji et al. 2006).

Nutritional analyses
1. Amino acid composition

The amino acids of two defatted flours were performed after
hydrolysis of samples with 6 N HCI for 60 min at 150°C. The
amino acid compositions were determined after chromatography
on HPLC Applied Biosystems model 172A (Applera Corp., Foster
City, CA, USA). The injections were done in triplicate for each
amino acids determination and results were validated when coef-
ficient of variation was less than 0.02. For tryptophan analysis,
samples were hydrolyzed with 2.5 N Ba(OH),-8H,O while the
colorimetric analyses were carried out with para-dimethylamino-
benzene after basic hydrolysis of proteins from defatted flours (De
Vries et al. 1980).

The method described by Tchiégang et al. (2006) was used to
determined amino acid concentration. Results were expressed as
mg of amino acid per 100 g of defatted flour.

2. In vitro protein digestibility

In vitro protein digestibility was determined using a multienzyme
digestion system (Fasasi e al. 2005). Enzymes used were trypsin
from porcine pancreas (Sigma, USA, activity: 15900 units/mg of
proteins), chymotrypsin from bovine pancreas (Sigma, activity:
62.6 units/mg of powder) and peptidase from porcine intestine
(Sigma, activity: 1024/mg of powder).

3. In vivo protein digestibility

Biological assays: Weanling male rats of the Wistar strain weigh-
ting 60-70 g were used in this experiment. They were obtained
from the animal holding unit of the Department of Biochemistry,
Laboratory of Pharmacology and Toxicology, University of
Yaoundé I, Yaoundé, Cameroon. Animals were divided into 4
groups of six animals, so, the weight difference between the 4
groups will not exceed 5 g. Rats were housed individually in plas-
tic metabolic cages at room temperature (22 + 3°C) and 12 h light—
dark cycle. After 5 days acclimatization, animals were fed with
diets and given distilled water ad libitum for 14 days (modified
method of Giami 2005). Feed intake and body weight were recor-
ded everyday and then every two days. During the last five days,
urine and fecal were daily collected made from each animal,
pooled and frozen. One milliliter of 4.8M HCI was added in 10 ml
measuring flasks before urine collection to prevent nitrogen lost in
form of ammonia.

The protocol and rat use were approved by the experimental
research committee of the faculty of medicine of Nancy (France).
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Preparation of the diets

Rats were fed with diets containing 10% of crude proteins. The
composition of the experimental diets is shown in Table 1. Diets 1
and 2 were prepared with defatted flour of R. heudelotii and T.
conophorum as protein sources, respectively. Diet 3 was the
standard (casein) and diet 4 was the protein-free diet.

Nitrogen content of the feed and feces were performed by the
semi-micro- Kjeldahl method using 6.38 as conversion factors for
casein and 6.25 for R. heudelotii and T. conophorum defatted flour
(AOAC 1984).

Protein Efficiency Ratio (PER), Net Protein Ratio (NPR),
True Digestibility (TD) and Net Protein Utilization (NPU) were
the criteria used to evaluate protein digestibility and were calcu-
lated by the following formulae (Giami 2005):

pER — Weight gain_
Protein intake
NPR - (weight gain +.we1ght loss)
Protein intake
TD = M *100
NI

where NI = Nitrogen intake; F = Fecal nitrogen
_ NI—(F-Fm)—(U-Um)
NI

where Fm = metabolic fecal nitrogen; U = urinary nitrogen; Um =
urinary metabolic nitrogen.

Chemical scores were calculated using amino acids of the
reference proteins (FAO/WHO 2007) and essential amino acid
contents of samples. For a given essential amino acid, amino acid
score (AAS) was calculated by dividing the content of this amino
acid in sample by the content of the same amino acid in the
reference. The lowest AAS for each sample was noted AAS;. PER,
NPR, TD and NPU Corrected Amino Acid Score were the product
of the lowest AAS (AAS;) in a sample by PER (PERCAAS), NPR
(NPRCAAS), TD (TDCAAS) and NPU (NPUCAAS) of the food.

NPU *100

Statistical analysis

Analyses were done in triplicate. One way analysis of variance
was performed using Statgraphics for windows software. Signifi-
cant differences were defined at P < 0.05. Duncan’s multiple range
test was used to compare means.

RESULTS AND DISCUSSION
Chemical composition

The chemical composition of R. heudelotii and T. conopho-
rum defatted flours are shown in Table 2.

In both samples, the main nutrients were proteins. The
true protein of defatted flours from 7. conophorum was
higher (47.9%) than that of R. heudelotii (44.5%). The true
protein was calculated from protein nitrogen (total nitrogen
minus non-protein nitrogen) x 6.25. Non-protein nitrogen
for both samples was 5.8 and 4.9%, respectively and could
be from ammonia, urea and free amino acids. We obtained
the same results (47.36 g/100 g DW) as those obtained with
T. conophorum from Nigeria (Edem et al. 2009). Protein
contents of R. heudelotii and T. conophorum defatted flours
are comparable with that of some edible defatted conven-
tional oilseeds as soya bean: 40% (Vollman et al. 2000)
peanut: 30% (Ng Chin et al. 2006) cowpea seeds: 20.31%
(Kabas et al. 2007).

The total ash content of R. heudelotii defatted flour was
higher (16.3%) compared to 6.0% found in the 7. conopho-
rum flour. The higher value of ash was also reported (Kap-
seu and Tchiégang 1995). 2.03% of ash was indicated in
Nigerian T conophorum nuts (Edem et al. 2009).

The soluble sugars contents were similar in both species
and close to 5.4%. The crude fiber content varied from 9.7
to 10.9%. The fairly high level of fiber in these oilseeds is
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Table 1 Diets composition of rats used in the experiments (g/1000 g of
the mixture).

Ingredients Diet 1 Diet 2 Diet 3 Diet 4
R. heudelotii defatted flour 22 - - -

T. conophorum defatted flour — 21 - -
Casein - - 10 -
Mineral mixture* 40 40 40 40
Vitamin mixture** 10 10 10 10
Corn oil 80 80 80 80
Cellulose 30 30 30 30
Sucrose 374 374 374 374
DL-Methionine 3 3 3 3
Corn starch 443 442 453 463

“Salt mixture (composition/100 g): phosphate (36.5 g); calcium carbonate (22.77
g); potassium chloride (7.75 g); sodium chloride (7.75 g); anhydrous magnesium
(4 g); ferrous sulfate (1.13 g); zinc sulfate (0.9 g); manganese sulfate (0.4 g);
copper sulfate (0.1 g); potassium iodine (1 mg).

“Vitamin mixture (composition/100 g): Vit By (1.5 mg); Vit B, (2.5 mg); Vit B;
(15 mg); Vit Bs (5 mg); Vit B (1.5 mg); Vit By (0.5 mg); Vit Bg (150 pg); Vit By,
(10 pg); Vit A (1 mg); Vit D (37 ng); Vit E (40 mg); Vit K (3 mg).

Table 2 Proximate composition of defatted flours from R. heudelotii and
T. conophorum (g/100 g of dry matter)

Constituents R. heudelotii T. conophorum
Crude protein (N*6.25) 503+1.4b 52.8+0.5a
True protein (N*6.25) 445+00b 479+05a
Ash 163+09a 6.05+£0.7b
Residuals lipids 87+1.1a 9.1£05a
Soluble sugars 53+1.6a 55+£00a
Crude fiber 10.9+0.0a 9.7+03b
Polyphenols 0.94+0.04b 1.60£0.11a
phytate 0.01+0.0a 0.01+0.0a
Oxalic acid 2.70+0.05a 220+0.14a

Values in a row with different letters indicate significant differences (P < 0.05)
according to DMRT

desirable characteristic, since their positive effects on dia-
betic and arteriosclerose diseases have been proved (Liu et
al. 2000).

Polyphenols contents in defatted flours were 0.94 and
1.60% for R. heudelotii and T. conophorum, respectively.
Oxalate contents were around 2% in both defatted flours.
These antinutritional substances can complex proteins and
reduce their nutritional value. Phytate was below 0.1% in
both defatted flours.

Although, the kernels were extracted with hexane,
lipids were not completely removed and part of them
remained in the flours (Table 3). Lipids tend to associated
with proteins which affect the flavor and nutritional value
of defatted flours (Kikugawa et al. 1981). R. heudelotii and
T. conophorum defatted flours contained 8.7 £ 0.7 and 9.1 +
0.2% lipids, respectively, that could be extracted with a
mixture of chloroform/methanol (Folch ef al. 1957). The
lipids classes of these oils separated by thin layer chroma-
tography (latroscan MK-5) showed that polar lipids are
more represented (90 and 92% from R. heudelotii and T.
conophorum defatted flours, respectively) than non polar

nu Chromatogram: TESTIGS8

Polar lipids (90-92%)

\

Neutral lipids (8-10%)

T T
040 045 min

Fig. 1 Lipids classes of R. heudelotii and T. conophorum defatted flours
obtained from kernels oils extracted with hexane.

lipids (Fig. 1). These lipids, mainly polar, play an important
role in the emulsifying activity and stability of emulsions.
Emulsifier agents as phospholipids decrease the interfacial
tension and facilitate formation of stable oil-water inter-
faces, increase the stability of lipids oil against oxidation
(Belhaj et al. 2010). Phospholipids prevent food behaviour
disorders (Marsollier 2009).

Table 3 shows the fatty acid composition of polar lipids
extracted from two defatted flours analyzed. Results were
compared with triacylglycerol oils extracted from kernels of
R. heudelotii and T. conophorum (Tchankou Leudeu et al.
2009), from some common used oilseeds in Cameroon as
Coula edulis (Tchiégang et al. 1998), Arachis hypogea
(Musa Ozcan 2009), Belschmiedia anacardiodes (Tchié-
gang and Parmentier 2008). In R. heudelotii and T. cono-
phorum defatted flours, oleic acid (Cis.(p-9) Was the main
fatty acid (65.2 and 33.9% of total fatty acids, respectively).
Linoleic (Cig.2(0-6) and linolenic (Cis3(0-3)) acid were also
major in R. heudelotii and T. conophorum with 12.8 and
22.3% of total fatty acids, respectively. The presence of
considerable amounts of linoleic acids suggests that oils
obtained from both defatted flours are nutritious due to their
ability to reduce serum cholesterol (Tarek et al. 2001). Oils
samples analyzed were rich in oleic and inoleic acids as tri-
acylglycerols from Arachis hypogea, one conventional
oilseed, and from B. anacardiodes, one soup thickeners in
Cameroon (Tchiégang and Parmentier 2008). Lipids extrac-
ted from R. heudelotii and T. conophorum defatted flours
were rich in oleic acid than those extracted from their ker-
nels. It is also important to point out that, lipids extracted
with hexane in R. heudelotii kernels were rich in o—elaco-
stearic (32.5%) (Tchankou Leudeu ef al. 2009). Residuals
lipids extracted from R. heudelotii and T. conophorum de-
fatted flours could be used as edible cooking, salad oils or
for margarine manufacture (Tarek ef al. 2001). Polyunsatu-
rated fatty acids have received considerable interest,

Table 3 Fatty acid composition of lipids (expressed as percentage of total fatty acid) extracted from defatted flours (/0) and from kernels of R. heudelotii,

T. conophorum, Dacryodes edulis, Elaeis guineensis.

Fatty acids Triacylglycerols* Polar lipids**

R. heudelotii T. conophorum Dacryodes edulis  Elaeis guineensis  R. heudelotii T. conophorum
Ciao 0.02+0.0 0.4+0.0 0.09+0.0 0.8+0.0 03+0.0 04+0.0
Ciso - - - - 49+0.0
Ciso 6.6+0.1 1.7+£0.0 43.88+0.0 41.6£0.0 184+0.2 6.7+0.1
Cizo - - - - 03+0.0
Ciso 6.5+0.8 - 0.1+£0.0 49+0.0 - 8.1+0.0
C18:1(0-9)(oleic acid) 6.0+0.0 10.8£0.1 304+£0.0 41.0£00 652+0.3 339+0.1
C18:2(0-6) (linoleic acid) 279+ 1.4 14.83 £ 0.0 24.55+0.0 10.41+£0.1 12.8 £ 00 10.7+£0.0
C18:3(0-3) (linolénic acid) - 722+0.3 0.8+0.0 0.4+0.0 0.7+0.0 223+0.1
C18:3 (o—elacostearic acid) 52.6+0.2 - - — — _
Cano - - - 0.5+0.0 0.5£0.0 29+0.2

* Fatty acid composition of lipids extracted with hexane from kernels (26)
** Fatty acid composition of lipids extracted from defatted flours
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Table 4 Amino acid contents (mg/g of protein) and chemical scores (%) of defatted flours from R. heudelotii and T. conophorum.

Amino acids R. heudelotii

T. conophorum FAO / WHO (2007) pattern

Amino acid contents Chemical scores

Amino acid contents

Chemical scores Amino acid contents

Essential amino acids

Tle 59.0 200.0

Leu 128.9 118.4

Lys 48.9 108.7*

Met + Cys 53.9 2454

Phe + Tyr 102.1 268.7

Thr 68.0 295.6

Val 133.9 372.2

Trp 26.9 250.0

His 32.8 219.2
Non-essential amino acids

Asp 270.40

Glu 369.26

Ser 95.1

Gly 203.00

Arg 182.09

Ala 157.32

Pro 97.44

64.6 2154 30
122.2 207.2 59
71.2 158.7 45
62.0 281.9 22
79.5 209.4 38
71.5 311.2 23
96.5 268.1 36
11.9 198.5* 6
37.6 2513 15
324.09

237.54

111.09

35221

127.24

138.61

92.54

* Underlined values correspond to the lowest Amino Acid Score (AAS;) for each sample.

Table 5 PER, NPR, TD and NPU for casein and defatted flours from R. heudelotii and T. conophorum defatted flours.

Diet PER NPR TD NPU
Casein 33+04a 5.1+0.7a 97.6+4.1a 98.0+32a
R. heudelotii defatted flour 20+£0.3b 33+0.1b 589+89b 514+14Db
T. conophorum defatted flour 29+05a 44+04a 96.3+38a 96.5+14a

Values in a row with different letters indicate significant differences (P < 0.05) according to DMRT
Table 6 PERCAAS, NPRCAAS, TDCAAS and NPUCAAS (%) for R. heudelotii and T. conophorum defatted flours.

PERCAAS NPRCAAS TDCAAS NPUCAAS

R. heudelotii defatted flour 2.1 3.5 63.6 55.5
T. conophorum defatted flour 4.5 7.0 152.1 152.4

because, their consumption has been associated with bene-
ficial health effects as the reduction of cholesterol and tri-
glycerides levels in rats (Tchankou Leudeu et al. 2009).

Protein quality
1. Amino acids composition

The amino acids composition compared to amino acids
scoring pattern of the Food and Agricultural Organization of
the United Nations (FAO/ WHO 2007) are given in Table 4.

Sixteen amino acids including tryptophan were deter-
mined. Isoleucine, leucine, valine and sulphur amino acids
(methionine + cysteine) were the major essential amino
acids. They represented an average of 54 and 134 mg/g of
proteins. Essential amino acid accounted for 33.4 (R. heu-
delotii) and 33.0% (T. conophorum) of total amino acid
contents, indicating a good equilibrium between the amino
acids (Tchiégang et al. 2006). The amounts of essential
amino acids in both species exceeded the value in FAO/
WHO (2007) scoring pattern. Lysine is usually limiting in
many vegetable foods, but was present in amounts exceed-
ing the reference protein requirements (FAO/WHO 2007) in
R. heudelotii and T. conophorum defatted flours with a con-
centration of 49.0 and 71.0 mg/g of protein, respectively.
Results obtained by Tchiégang et al. (2006) indicated the
presence of tryptophan with chemical score of 33.6% and
methionine with chemical score of 47.6% as limiting amino
acid in R. heudelotii and T. conophorum defatted flours, res-
pectively. This difference could be due to the fact that pro-
tein quality in plants widely varies with the environments
(Vollman et al. 2000). It is known that basic amino acids
and glutamic acid contribute to the flavour properties of
mushroom, a wild edible fungus (Maga 1981). The high
level of arginin (182.09 369.2 mg/g of protein) and glu-
tamic acid (369.2 mg/g of protein) in R. heudelotii defatted
flour could contribute to their characteristic flavour since
their kernels are used as soup thickener.
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2. In vitro and in vivo protein digestibility

In vitro protein digestibility: R. heudelotii defatted flour
had the highest in vitro protein digestibility (81.4 + 1.0%)
compared to 7. conophorum defatted flour (69.2 = 0.9%).
Aromatic amino acid (phenylalanine and tyrosine) contents
of the two plants were 102.1 and 79.5 mg/g of protein, res-
pectively. This difference may explain the high in vitro pro-
tein digestibility of R. heudelotii, since pepsin acts preferen-
tially near the basic side of aromatic amino acids (Roufik ez
al. 2006). In vitro methods showed the capacity of proteins
to be hydrolyse by proteic enzymes, results in vivo may
give the availability of these amino acids.

In vivo protein digestibility: The values of PER, NPR, TD,
and NPU are summarized in Table 5. Corresponding cor-
rected values are given in Table 6.

PER and NPR indicated the gain in weight/g of protein
eaten. However, NPR was calculated when a group of ani-
mals fed protein free diet was included in the experiment
(Giami 2005). PER and NPR for R. heudelotii were signifi-
cantly lower (P < 0.05) compare to that of T conophorum
and casein (Table 5). According to these values, animals
fed with casein and 7. conophorum defatted flour give the
highest growth, whereas, those fed with R. heudelotii
defatted flour show the lowest growth. NPR values from R.
heudelotii (3.3) and T. conophorum (4.4) were comparable
to those obtained with soya bean (2.74) and rapeseed meal
(4.59), respectively (Rozan ef al. 1997).

PERCAAS and NPRCAAS of both samples increase
(Table 6) because there is not limiting amino acids and the
chemical scores were 108.7 and 158.7% for R. heudelotii
and 7. conophorum defatted flours, respectively. PERCAAS
of both Euphorbiaceae (2.1 and 4.5 respectively) were
higher than those from soybean (1.6) and rapeseed meal
(0.9) (Rozan et al. 1997). In this regards, proteins from R.
heudelotii and T. conophorum defatted flours could be of
good interest as those from conventional oilseeds.



Nutritional potentialities of R. heudelotii and T. conophorum, Mezajoug Kenfack et al.

TD is the ratio of nitrogen absorbed versus nitrogen
ingested when fecal metabolic nitrogen is considered. Com-
paring the TD obtained for the test samples with that of
casein (Table 5), it was observed that casein digestibility
(97.6%) was not significantly different (P < 0.05) from T.
conophorum defatted flour (96.3%), but it was significantly
higher than that of R. heudelotii (58.9%). The lowest value
of R. heudelotii defatted flour could be attributed to high
level of crude fiber (10.9% of DW), because crude fiber has
high hydration capacity and could reduced intestinal ab-
sorption and increase fecal nitrogen lost (Leterme et al.
1997). Nitrogen fecal losses were higher in rats fed R. heu-
delotii defatted flour diet with 0.14% in compared to those
fed 7. conophorum defatted flour diet with 0.09%.

NPU is the ratio of nitrogen retained versus nitrogen
ingested when feacal metabolic nitrogen is considered. The
NPU of T. conophorum (96.5%) was compared to that of
casein (98.0%) and was higher than that of R. heudelotii
(51.4%). The highest level of ash (16.3%) in R. heudelotii
defatted flour could induced the lowest NPU value because
it is known that phytate—mineral-protein complexes may
also adversely influence protein digestion and bioavaila-
bility (Urbano et al. 2000).

TDCAAS and NPUCAAS were calculated by multiply-
ing TD and NPU respectively with values of their amino
acid scores (AAS;). Corrected values of R. heudelotii and T.
conophorum increased due to the high value of AAS,
(158.7 and 108.7, respectively). Both defatted flours presen-
ted important protein digestibility corrected values and
therefore, they had a better nutritional protein quality, but, 7.
conophorum had the highest value (152%) in compared to
protein from egg and cow’s milk with 118 and 121%, res-
pectively (FAO/WHO 1990). The two species analyzed are
from Euphorbiaceae family. This difference showed that the
quality of protein varies between them. PERCAAS and
NPRCAAS presented by rats fed R. heudelotii and T. cono-
phorum defatted flours diets were more than 2, means that
proteins were of good nutritional quality (Friedman 1996).
TDCAAS and NPUCAAS values of both Euphorbiaceae
were between 55 and 152, means that availability of both
protein from samples analyzed were more than 55%.

CONCLUSION

R. heudelotii and T. conophorum defatted flours could be
used as protein and fiber sources. Phospholipids in both
defatted flours represented more than 90% of polar lipids.
PER and NPR were two growing parameters measured and
corrected values with amino acids score showed that rats
fed with 7. conophorum diet presented the highest growth.
TD and NPU represent the percentage of the absorbed or
fed protein retained in the body. TDCAAS and NPUCAAS
of both defatted flours were between 51-97%. T. cono-
phorum defatted flour showed the highest protein quality
compared to that of casein, based on its in vivo protein
digestibility. Results obtained in vitro with R. heudelotii
were different from those in vivo, because of the highest
level of dietary fiber and ash.

ACKNOWLEDGEMENTS

This work was supported by IFS (International Foundation for
Science), France — Cameroon Corporation and Laboratory of Bio-
molecular Engineering of ENSAIA (INPL — Nancy, France).

REFERENCES

AOAC (1984) Official Methods of Analysis (14" Edn), Association of the
Official Analytical Chemists, Washington DC, USA
AOAC (1990) Official Methods of Analysis (15" Edn), Association of the
Official Analytical Chemists, Washington, DC, USA
AOAC (1999) Official Methods of Analysis (16" Edn), Association of the
Official Analytical Chemists, Elrich K (Ed), Washington, DC, USA
Belhaj N, Arab-Tehrany E, Linder M (2010) Oxidative kinetics of salmon oil
in bulk and in nanoemulsion stabilized by marine lecithin. Process Bioche-

56

mistry 45, 187-195

De Vries JW, Koki CM, Egbert DC, Larson PA (1980) Comparison between
a spectrophotometric and high pressure liquid chromatography methods for
determining tryptophan in food products. Journal of Agricultural Food Che-
mistry 28, 896-898

Edem CA, Dosunmu MI, Bassey FI (2009) Determination of proximate com-
position, ascorbic acid and heavy metal content of African walnut (Zetracar-
pidium conophorum). Pakistan Journal of Nutrition 8 (3), 225-226

FAO/WHO (1990) Food and Agricultural Organization of the United Nations.
Expert Consultation. Protein Quality Evaluation. FAO Food and Nutrition
Paper 51, Rome

FAO/WHO (2007) Food and Agriculture Organization and the World Health
Organization. Protein and amino acid requirements in human nutrition.
Report of a Joint WHO/FAO/UNU Expert.Technical Report Series 935.
Cholé — Doc N° 111

FAO (2008) Food and Agriculture Organization. Soaring Food Prices: Facts,
perspectives, impacts and actions required. Background paper prepared for
the High-level conference on World Food Security: The Challenges of Cli-
mate Change and Bioenergy Rome, June pp 3-5

Fasasi EO, Adeyeni A, Fagbero A (2005) Proximate composition and multi-
enzyme in vitro proteins digestibility of maize — tilapia flour blends. Journal
of Food Technology 3 (3), 342-345

Folch J, Lees M, Stanley GHS (1957) A simple method for the isolation and
purification of total lipids from animal sources. Journal of Biological Che-
mistry 226, 497-509

Friedman M (1996) Nutritional value of proteins from different food sources.
A review. Journal of Agricultural Chemists 44, 6-29

Giami YS (2005) Compositional and nutritional properties of selected newly
developed lines of cowpea (Vigna unguiculata L. Walp). Journal of Food
Composition and Analysis 18, 665-673

Grodji AG, Linder M, Fanni J, Parmentier M (2006) Analysis of lipids ex-
tracted from salmon (Salmo salar) heads by commercial proteolytic enzymes.
European Journal of Lipid and Science Technology 108, 766-775

Kabas O, Yilmaz E, Ozmerzi A, Akinci I (2007) Some physical and nutri-
tional properties of cowpea seed (Vigna sinensis L.). Journal of Food Engi-
neering 79, 1405-1409

Kapseu C, Tchiégang C (1995) Chemical properties of Ricinodendron heude-
lotii (Bail.) seed of oil. Journal of Food Lipids 2, 87-98

Kikugawa K, Ido Y, Mikami A (1981) Studies on peroxidized lipids. Fluores-
cents products derived from the reaction of primary amines, monaldehyde
and monofunctional aldehydes. Journal of the American Oil Chemists’ Soci-
ety 61, 1574-1581

Lee S, Prosky L, De Vries JW (1992) Determination of total, soluble and in-
soluble dietary fiber in foods enzymatic gravimetric method. Journal of the
Association of Official Analytical Chemists 15, 395-416

Leterme P, Rossi F, Théwis A (1997) Effet des protéines et des fibres alimen-
taires sur les pertes iléales d’acides aminés endogénes chez le porc. Journées
Recherches Porcine en France 29, 243-248

Liu S, Manson J, Lee IM, Cole SR, Hennekens CR, Willet WC, Buring JE
(2000) Fruit and vegetables intake and risk of cardiovascular disease. The
women’s health study. American Journal of Clinical Nutrition 72, 922-978

Maga JA (1981) Mushroom flavour. Journal of Agricultural and Food Che-
mistry 29 (1), 1-4

Marsollier N (2009) Small intestine phospholipids: a new energy homeostasis
regulator. Obésité 4, 142-146

Mezajoug Kenfack LB (2010) Propriétés nutritionnelles et fonctionnelles des
protéines de tourteaux, de concentrats et d’isolats de Ricinodendron heude-
lotii (bail.) Pierre ex Pax et de Tetracarpidium conophorum (Miill. Arg). PhD
thesis, Ecole Nationale Supérieure des Sciences Agro — Industrielles, Institut
National Polytehnique de Lorraine, Nancy, France, 188 pp

Moure A, Sineiro J, Dominguez H, Parajé CJ (2006) Functionality of oil-
seed protein products: A review. Food Research International 39, 945-963

Musa Ozcan M (2009) Some nutritional characteristics of kernel and oil of
peanut (Arachis hypogaea L.). Journal of Oleo Science 59 (1), 1-5

Ng Chin E, Dunford TN, Chenault K (2006) Chemical characteristics and
volatile profile of genetically modified peanut cultivars. Journal of Biosci-
ence and Bioengineering 106 (4), 350-356

Rozan P, Lamghari R, Linder M, Christian V, Fanni J, Parmentier M,
Méjean L (1997) In vivo and in vitro digestibility of soybean, lupine, and
rapeseed meal proteins after various technological processes. Journal of Agri-
cultural and Food Chemistry 4, 1762-1769

Roufik S, Gauthier SF, Turgeon SL (2006) In vitro digestibility of bioactive
peptides derived from bovine B-lactoglobulin. International Dairy Journal 16,
294-302

Statgraphics (1998) Plus for windows, version 3. Statistical graphic Corp.

Tarek A, El-Adawy Taha MK (2001) Characteristics and composition of dif-
ferent seed oils and flours. Food Chemistry 74, 47-54

Tchankou Leudeu BC, Tchiégang C, Barbé F, Nicolas B, Guéant JL (2009)
Ricinodendron heutelotii (Bail.) or Tetracarpidium conophorum Mill. oils
fed to male rats lower blood lipids. Nutrition Research 29 (7), 503-509

Tchiegang C, Kapseu C, Parmentier M (1998) Chemical composition of oil
from Coula edulis (Bail.) nuts. Journal of Food Lipids 5 (2), 103-111

Tchiégang C, Mezajoug Kenfack LB (2003) Influence of pH, temperature and



Food 5 (Special Issue 1), 52-57 ©2011 Global Science Books

ionic strength on some functional properties of defatted flour from Ricino-
dendron heudelotii (Bail.) and Tetracarpidium conophorum (Miill. Arg.).
Journal of Food Technology (Pakistan) 1 (3), 133-138

Tchiégang C, Mezajoug Kenfack LB, Tenin D, Ndjouenkeu R (2006) Phy-
sicochemical and functional properties of defatted cakes from two Euphorbi-
aceae from Cameroon: Riconodendron heudelotii (Bail) and Tetracarpidium
conophorum (Mill. Arg.). Journal of Food Technology 4 (2), 96-100

Tchiégang C, Parmentier M (2008) Chemical composition and nutritional
evaluation of two Cameroonian soup thickeners: Belschmiedia jacques felexii
and Belschmiedia anacardiodes. Journal of Food Science and Technology 45
(2), 187-189

57

Tood Deal S, Farmer EC, Cerpovicz PF (2002) Carbohydrate analysis: Can
we control the ripening of bananas? Journal of Chemical Education 79 (4),
479-480

Urbano G, Lopez-Jurado M, Aranda P, Vidai-Valverde C, Tenerio E,
Porres J (2000) The role of phytic acid in legumes: Antinutritional or bene-
ficial function? Journal of Physiological Biochemistry 56, 283-294

Vollman J, Fritz NC, Wagentristi H, Ruckenbauer P (2000) Environmental
and genetic variation of soybean seed protein content under Central European
growing conditions. Journal of the Science of Food and Agriculture 80 (9),
1300-1306



