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Abstract Momordica cabrae is a wild plant whose kernels are of nutritional and therapeutic interests for
consumers. In this study, biochemical properties of the flours (raw and roasted) and almond cake of Momordica
cabrae were determined. Results showed that almonds are rich in carbohydrates, fats and proteins. Indeed, the raw
flour of Momordica cabrae contains more carbohydrates (37.03%). Cake presented the high protein content (41.45%)
in the while the toasted flour is richer in lipids with a content of 24.35%. The most abundant minerals are
magnesium (0.218 g/100 g), calcium (0.250 g/100 g), phosphorus (0.590 g/100g) and potassium (1.150 g/100 g) and
were obtained in flours (raw and roasted). Statistical analysis of levels of phenolic compounds in the flours (roasted
and raw) and the cake showed significant difference (p < 0.05) in terms of phenolic acid, tannin and phytate content.
Indeed, levels of phenolic acids, tannins and phytates observed in raw flour (respectively 1050.47 mg/100 g;
423.56 mg/100 g; 540.05 mg/100 g) are higher when compared toasted flour (respectively 920.17 mg / 100 g;
319.07 mg / 100 g; 404.54 mg / 100 g). The lowest values of these compounds are obtained in the meal. Presents
results indicate nutritional properties and phytochemical constituents which are beneficial for health.
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1. Introduction

Momordica are vegetable crops, belonging to the
Cucurbitaceae family [1]. Most of these plants are native
to tropical Africa and Asia [2]. The name Momordica
comes from the Latin word Momordica; which means to
bite in reference to the shape of the rough and indented
seeds which give the impression of having been nibbled
[3]. There are 45 species of Momordica that grow in

tropical forests. Majority of these species are perennial [4].

Well known varieties, identified for their nutritional and
medicinal properties are Momordica chanratia, Momordica
dioca, Momordica cochinchinensis and Momordica
balsamina [5,6]. Nevertheless, the work [7] in the Center-
West of Coéte d'lvoire identified a species of Momordica:
It is Momordica cabrae, a plant ill- known by the Ivorian
population. The roasted almonds of this plant are either
crushed or pounded to serve respectively as condiment or
food supplement by the indigenous population of «G6h
region» (south-west of Cote d'lvoire). Braised and crushed
almonds are mixed with palm oil and used as treatment of
sores that often appear on the breasts of nurses.

However, at level of knowledge, safeguarding,
protection and enhancement of this wealth, the
interdisciplinary approaches that would allow a more
global strategy are almost non-existent [7]. This has
therefore led to a decrease in the area occupied by these
plants under the weight of demographic pressure,
agriculture, and livestock [8]. The fact is that this plant is
endangered. Nutritional and chemical knowledge about
almonds by scientific community could certainly be an
indicator for its integration into agro-forestry systems
insofar as these almonds are consumed without prior
knowledge of their nutritional value. This work therefore
aims to exploit the composition and chemical profile of
Momordica cabrae kernels.

2. Material and Methods
2.1. Plant Material

Plant material consists of almonds obtained after
shake-out of the seeds from the ripe fruits of Momordica
cabrae (Figure 1). This spontaneous plant belongs to
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botanical family of Cucurbitaceae and the genus
Momordica.

The plant is found in the Center-West of Cote d'lvoire
and is called ‘Gblimion” by the local population.The ripe
fruits of Momordica cabrae were picked in the localities
of Ouragahio, Logobia, Gnagbodougnoa and Zoha from
August 22 to September 09, 2017. A sufficient quantity of
5 kg per locality was harvested and packaged in a jute bag.
Then, it was transported to the Nangui Abrogoua
University Biochemistry Laboratory. The denting took
place and followed by drying of the seeds in a
MEMMERT brand ventilated oven at 45°C for 4 days.
Following the drying of the seeds, shakeout was done in
stainless steel equipment. The kernels obtained were
stored away from light and humidity at 4°C to avoid
oxidation and degradation phenomenon.

2.2. Sample Preparation Methods

Five hundred (500) grams of almonds were removed
and then ground using a Mill IKA type grinder
(Germany/Deutschland). Then, a second sample batch of
500 g of almonds was taken and roasted at 55°C for 15
min before being ground. The shredded material obtained
was sieved using a 250 pm mesh sieve. The flours
obtained were packaged in labeled glass bottles,
previously dried in an oven at 45°C and hermetically
sealed. These vials of flour were kept for later analyses.

2.3. Biochemical Composition of
Momordica cabrae

2.3.1. Proximate Analysis of Samples

Moisture, ash, crude protein, crude fat, crude fiber and
total sugars were determined respectively by following the
standard method [9,10], while carbohydrate contents were
calculated by equation [100- (protein + crude fat + ash +
crude fiber)] [11]. In addition, the energy value (EV) was
calculated by applying the heat coefficients of [12]
according to the following equation: [EV (Kcal/100g) =
(4 x Protein %) + (4 x Carbohydrate %) + (9 x Fat %0)].
Values were means of three determinations.

2.3.2. Amino acid Analysis

Amino acid contents of samples were determined using
Automatic Amino Acid Analyzer (BIOCHROM 30, serial
103274), according to the method outlined in A.O.A.C.
[13].

Chemical score (CS) of essential amino acids (EAA)
was calculated using the following equation according to
FAO/WHO scoring pattern [14] following Equation:

EAA in test potein 9
. 100g
chemical score =

EAA requierement patern (QJ

100g

Figure 1. Ripe fruit (A) , Seeds (B) and Almonds (C) of Momordica cabrae
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Figure 2. Process for production of Momordica cabrae meal and cake

2.3.3. Mineral Analysis

Minerals were analyzed by the method reported by [15].

The ash obtained from 1g of sample was dissolved in
10 % HCI, filtered with filter paper and made up to
standard volume with dionised water. Flame photometry
method reported by [16] was used to determine sodium
and potassium contents of the sample. Ca, Fe, Mg, Zn and
Cu were determined using Atomic Absorption
Spectrophotometer (AAS). Phosphorus was estimated
colorimetrically (UV-visible spectrophotometer, Model
DR 2800/United States).

2.3.4. Total Phenolic, Tannin and Phytic Acid Factors
Estimation

The total polyphenols were extracted with methanol
and then determined according to the method of [17]. The
total phenol content was expressed in milligrams of gallic
acid equivalent (GAE) per 100 g dry weight (mg
GAE/100g DM). Phytic acid content was determined
according to the method described by Wheeler and Ferrel
[18]. Tannins were determined by using the Vanillin-HCL
method modified by [19]. Catechin was used to prepare
the standard curve.

2.4. Statistical Analyzes

The results were expressed as the mean + SEM
(Standard Error of the Mean). The Chi-square significance
test was used to track the evidence of relationships among
categorical variables. For the comparison between two
groups, a Student Test was used. For multiple differences,
an analysis of variance (ANOVA) test was performed.
Differences are considered significant when p is less than
0.005 (p < 0.05). Statistical data processing was
performed using Statistica software version 7 and Excel
2013.

3. Résultats

3.1. Biochemical Composition and Energy
Value of Momordica cabrae Almond
Flour and Cake

The biochemical composition and energy value of
almond flour and cake of Momordica cabrae are shown in
Table 1. Highest lipid levels (24.35%) and energy value



28 American Journal of Food and Nutrition

(471.67 Cal/100g) are obtained with the toasted flour
while the brown crab showed the lowest levels. However,
highest humidity (11.56%) and carbohydrates levels
(59.9%) are observed in the meal. Also, the highest
protein level (34.97%) is obtained in raw flour. Statistical
analysis revealed that rate of ash and fiber do not differ
significantly (p >0.05) to flours (toasted and raw) and

51.55 mg/100 g in the meal against 30.35 mg/100 g in
toasted flour. The least represented amino acid is L
threonine with a rate of 6.15 mg/100 g in brown crab and
2.04 mg/100 g in toasted flour.

Table 3. Amino acid content of the flour and the cake of the roasted
almonds of Momordica cabrae

brown crab.

Table 1. Biochemical composition (g/100g DM) of Momordica Cabrae

almond flour and cake

Settings Meal Raw flour Toasted flour
Moisture (%) 21,56 +2,82° 10,55+1,28° 08,96 + 1,04°
Ash (%) 3,67 £1,05° 3,26 +1,15° 3,56 +1,02°

Fiber (%) 12,36 £2,13°  13,02+2,03" 12,75+1,53
Lipid (%) 342+1,03  1455+316° 24,35+4,01°
Protein (%) 4145+323° 3461+4,06° 2816+317°
Carbohydrate (%) 29,90 +2,84° 37,03+2,61° 34,97 +223"

Energy (Cal / 100g) 316,18 +10,24* 417,51 +12,41° 471,67 +12,22°

For each parameter, on the lines, the means + standard deviations
assigned different letters are significantly different from each other at the
p <0.05 level according to Duncan's test.

3.2. Mineral Composition

The mineral composition of the meals and cake are
recorded in Table 2. The study showed that, there is no
significant difference (p > 0.05) in the average rate
sodium, zinc, magnesium, iron, phosphorus, and calcium.
Also, study showed that the flour potassium levels did not
differ (p > 0.05). However, this rate varies significantly
(p <0.05) from that obtained in meal.

Table 2. Mineral composition (%) of Momordica cabrae almond
flour and cake

Composition (%) Meal Roasted almond flour
Protein 41,45%3,23° 28,16+3,17%
Isoleucine® 11,63%2,21° 10,14+2,01*
Leucine* 51,554,01° 30,35+3,01*
L-Aspartique 31,25+4,09° 22,54+3,11°
L-Serine 21,063,12° 15,86+2,51°
L-Asparagine 16,94+3,22" 12,55+2,71%
Glycine 10,0142,01° 9,72+1,51*
Alanine 34,363,07° 32,33+2,64%
Sarcosine 28,1742 ,47° 22,35+2,07%
L-Histidine* 11,4041,11° 7,12+0,91*
L-Thréonine* 6,15+1,67" 2,04+1,01*
Arginine 20,0243,07° 15,13+2,11*
Phénylalanine* 22,18+3,20° 16,68+2,64°
Rapport AAE / AANE 0,63 0,5

Composition (%) Meal Raw flour Toasted flour
Zinc 0.02 +£0.01% 0.02 £0.01% 0.02 £0.01%
Sodium 0.10 +0.00* 0.11 +£0.00% 0.11 +£0.00%
Potassium 1.09 £ 0.01° 1.15+0.01° 1.12+£0.01°
Magnesium 0.20 £0.01* 0.21+0.01* 0.21 +0.00%
Iron 0.04 £0.01* 0.04 £0.01* 0.04 +0.00*
Phosphorus 0.58 +£0.01* 0.59 +£0.01* 0.57 £0.01*
Calcium 0.24 +£0.01* 0.25+0.01* 0.25+0.01*

For each parameter, on the lines, the means + standard deviation
assigned different letters are significantly different from each other at the
threshold of p < 0.05 according to the Student test*: Essential amino
acids AAE: Essential amino acid AANE: Non-essential amino acids.

3.4. Level of Secondary Metabolites

Table 4 presents the level of secondary metabolites.
Statistical analysis of its compounds in flours (toasted and
raw) and cake showed significant difference (p < 0.05) in
terms of phenolic acid, tannin and phytate content. The
levels of phenolic acids, tannin and phytates observed in
raw flour (respectively 1050.47 mg/100 g; 423.56 mg/100 g;
540.05 mg/100 g) are greater than those of toasted flour
(respectively 920.17 mg / 100 g; 319.07 mg / 100 g;
40454 mg / 100g). The lowest values (respectively
806.33 mg/100 g; 264.28 mg/100 g and 315.28 mg / 100 g)
are obtained in the meal.

Table 4. Level of secondary metabolites (mg/100g of DM) of the
flours and cake of the almonds of Momordica cabrae

For each parameter on the lines, the means * standard deviations
assigned different letters are significantly different from each other at the
threshold of p < 0.05 according to Duncan's test.

3.3. Amino Acid Level

Table 3 shows the amino acid content and the essential
amino acid ratio on non-essential amino acids. The study
of the chromatographic profile of amino acids in the
toasted flour and the cake of the grilled almonds of
Momordica Cabrae made it possible to note the presence
of essential amino acids such as isoleucine, leucine,
L-histidine, L-threonine, phenylalanine and non-essential
amino acids such as L-asparagine, L-serine, asparagine,
glycine, alanine, sarcosine, and arginine. The levels of
the different amino acids the most important elicited
are observed in toasted flour. Leucine is the amino
acid essential which predominates with a value of

Settings (mg /100g) Meal Raw flour Toasted flour
Phenolic acids 806.33 £ 45.15* 1050.47 £ 62.2° 920.17 +50.11°
Tannin 264.28 £17.16* 423.56 + 21.12° 319.07 + 27.25"

Phytic acid 315.28 +34.4° 540.05 +25.03° 404.54 +41.21°

For each parameter, on the lines, the means * standard deviations
assigned different letters are significantly different from each other at the
threshold of p < 0.05 according to Duncan's test.

3.5. Phytate/mineral and Mineral/mineral
Ratios

The phytate/mineral and mineral/mineral ratios of
meals and cake are recorded in Table 5. The highest
phytate/mineral ratios are achieved in raw meal while cake
has the lowest ratios. Analysis statistics revealed that the
mineral/mineral ratios of flours (toasted and raw) did not
differ (p > 0.05) when compared to brown crab.
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Table 5. Estimated phytate/mineral and mineral/mineral ratios of
Momordica cabrae almond flours and cake

Rapport Meal Raw flour Toasted flour
Phytates/Zn 15.01 + 1.08* 25.71£2.28° 17.58 +1.58°
Phytates/Fer 7.16 £ 1.51* 12.00 + 1.06° 8.79 £ 1.68"
Phytates/Ca 1.27+£0.78° 2.16 £0.27° 1.61 £0.16"
Phytates/Mg 1.45+0.72° 247 +0.73° 1.85+0.21°

Ca/P 0.41+0.02* 0.42 +£0.02* 0.42 +£0.02*
Na/K 0.09 +0.00* 0.08 + 0.00* 0.09 + 0.00*

For each parameter, on the lines, the means + standard deviations
assigned different letters are significantly different from each other at the
threshold of p < 0.05 according to Duncan's test.

4. Discussion

The moisture content of the flours (raw and toasted)
and cake obtained from the kernels of Momordica cabrae
are less than 12%. Indeed, these rates are 11.56%, 10.55%
and 8.96% respectively for cake, raw flour and toasted
flour. Momordica cabrae cake and flours contain little
water and therefore may be immune to the growth of
certain microorganisms. Furthermore, it is known that a
high water content in food promotes microbial growth and

enzymatic activities that accelerate their deterioration [20].

Low humidity would Ilimit the proliferation of
microorganisms and reduce enzymatic activity [21].
Momordica cabrae flours could therefore be immune to
the activity of certain microorganisms responsible for food
spoilage. According to [22], humidity above 12% is a key
parameter for the growth of microorganisms. The
humidity levels recorded in the flours (raw and toasted) of
Momordica cabrae almonds are higher than those
observed by [23] in loofah aegyptiaca and loofah
cylindrica kernel flours from Niger. According to these
authors, humidity in these flours is 5%. Also, these
humidity rates are similar to those reported by [24] on
almond flour from Sterculia Striata and Terminalia
catappa. However, the values determined are lower than
those of [25] observed in the almond flours of Momordica

dioica, Momordica balsamina and Momordica cymbalaria.

According to these authors, the moisture content of these
flours varies between 16% and 20%. Similarly, the
moisture content (11.56%) observed in the cake from
Momordica cabrae is lower than that recorded in the cake
from Parinari macrophylla (12.10%) [26].The ash
contents observed in cake and flours (raw and roasted) of
kernels of Momordica cabrae did not differ significantly
(p < 0.05). This similarity would be justified by the fact
that the roasting techniques and delipidation do not
influence the quantity of minerals contained in the
almonds of Momordica Cabrae. The results obtained are
lower than those mentioned in works of [27]. These
authors have shown that, the ash content of certain species
of Momordica, in particular Momordica chanratia,
Momordica dioica, Momordica balsamina, Momordica
cymbalaria and Momordica cochinchinesis, varies
between 6.7% and 18%. Similarly, these values are lower
than those of oilseeds commonly used in the Sahel such as
sesame whose content varies from 4.5 to 6% [28].
However, the ash rates recorded in this study are much
higher than 2.4% mentioned by [29] in the seeds of
Allium tubero. It appears from this study, that the almonds

of Momordica cabrae consist of several minerals. In
orders of magnitude, the most important are potassium
(1150 mg / 100 g), phosphorus (590 mg / 100 g), calcium
(250 mg / 100 g) and magnesium (208 mg / 100 g). Next
come sodium (100 mg/100 g), iron (47 mg/100 g) and zinc
(23 mg/100 g). Momordica cabrae almonds with their
high potassium and magnesium content could be used to
supplement the deficiencies of these minerals in
the human diet. According to [30] a food is rich in
potassium and magnesium when its contents are between
700 mg/100g and 3850 mg/100 for potassium and
between 108 mg/100g and 467 mg/100g for magnesium.
The values of calcium (250 mg), sodium (113 mg) and
iron (45 mg) found in kernels of Momordica cabrae are
similar to those found by [6] in five species of Momordica
(charantia, dioica, balsamina, cymbalaria, cochinchinesi).
According to these authors, the calcium content varies
from 20 to 941 mg /100 g while those of sodium and iron
respectively varied from 1.2 at 122.49 mg/100 g and from
0.34 to 60 mg/100 g. However, the potassium (1150 mg)
and phosphorus (590 mg) levels obtained in the kernels of
Momordica cabrae are higher than those found by [6] in
the five species of momordica mentioned above. These
authors found potassium and phosphorus contents which
vary respectively from 8 to 500 mg/100 g and from 0.46
to 13 mg/100 g compared to the almonds of certain
species of Cucurbitaceae, in particular Luffa aegyptiaca
and Luffa cylindrica. The almonds of Momordica cabrae
have a high content of zinc, sodium, potassium, iron and
phosphorus unlike the contents of calcium and magnesium.
The almonds of the above-mentioned plants have an
average content of 89 mg of phosphorus; 14.14 mg of iron;
1020mg potassium; 10.16 mg of sodium and 10.57 mg of
zinc. The calcium and magnesium are respectively 711.81
mg and 350 mg [23]. According [31] levels of mineral
elements in plants generally vary according soil, plant
species and whether or not fertilizer is added. The fiber
contents observed in the raw flours (13.02%) varied
significantly at the 5% from those observed in the toasted
flour (12.75%). These results would be due to the effect of
heat on the flour. Roasting contributes to decrease water
content, which results in a reduction in fiber content [32].
The fiber contents observed in meals and oil cake fall
within the ranges of high fiber foods. According to [33], a
food is rich in fiber when the fiber content is between
6.1% and 27% per 100 g of dry matter. Momordica cabrae
almonds therefore represent an important source of dietary
fiber. In fact, fibers participate in the regulation of
carbohydrate metabolism by reducing hyperglycemia
[34,35]; therefore to the prevention and control of diabetes
[36]. In addition, fiber softens the stool thereby preventing
constipation [37]. According to the work of [38], fibers
help reduce cardiovascular disease, induce better satiety
and participate directly in weight regulation [39]. The
results obtained are similar to those of [27] on the
Momordica charantia species but lower according to the
same authors than those observed on kernels of
Momordica dioica (21.3%) and Momordica balsam (29%).
Moreover, the fiber contents obtained in this study are
much higher than 4.4% and 4.8% determined by [40]
respectively in kernels of Cucurbita sp and Citrulus sp.
The same is true for the fiber content (2%) reported by [41]
in seeds of Cucumeropsis mannii.
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Lipid levels are significantly different at the 5% level.
Flour from roasted almonds show highest rate (24.35%).
Lowest lipid levels (14.55% and 3.42%) are observed
respectively in the flour of raw almonds and in the cake.
These results could be justified by the treatment (roasting)
undergone by the kernels of Momordica cabrae.
According to [42], some technical processes including
heating and roasting would reduce water content of
almonds thus increasing their oil content. These results
confirm the work of [43] who showed an increase in oil
content of shea nuts by increasing the extraction
temperature. Also, the oil content in the cake could be
justified by the delipidation technique used.

In fact, the oil content of the meal depends on
extraction method [44]. Oil contents observed in kernels
of Momordica cabrae do not fall within the ranges of oil-
rich foods, i.e. between 40 and 99.9% per 100 g of dried
material [30]. Oil contents of raw flour (14.55%) and
toasted flour (24.35%) of Momordica cabrae almonds are
nevertheless higher than that determined in Beilschmiédia
mannii almonds (13.09%) [7].The same is true of those
obtained by [45] in kernels of some Momordica species
including Momordica charantia, Momordica dioica,
Momordica balsamina and Momordica cochenchinesis.
According to these authors, the oil content of these seeds
varies between 0.1 and 6.11%. On other hand, the almond
cake from Momordica cabrae contains less fat (3.42%)
compared to the cake from Arachis hygogaea (7.28%),
baobab (9.8%) and copra cake (5 .87%) [46]. Protein
contents observed in flours (roasted almonds and raw
almonds) and cake show a significant difference at the 5%
threshold. Protein content of raw flour (34.61%) is higher
than that of toasted flour (28.16%) and cake (21.45%).

A decrease in the protein content of the flour of the
roasted almonds is observed. This decrease would be due
to the roasting which led to the carbonization of a large
part of the proteins. This is because proteins are denatured
by heat and break down into amino acids. These are either
degraded or participate in Maillard reactions with sugars
to give certain aromatic compounds that do not respond to
the specific protein assay [47]. The same is true for
protein content of meal. Protein rate determined in kernels
of Momordica cabrae (34.61%) is higher than protein
content in kernels of Irvingia gabonensis (7.39%) and
Sesamum indicum [7]. Also, the protein contents of
almonds of Momordica cabrae obtained in this study are
higher than protein contents, respectively observed in
almonds of Momordica charantia (27.88%) and
Momordica dioica (19.38%) by [45]. Furthermore,
compared to almonds and cakes from the seeds of
Ricindendron heudelotii, Tetracarpidicim conophorum,
seeds of Arachis hygogaea and seeds of Anacardium
occidental, the seeds of Momordica cabrae are less rich in
protein. According to [48] and [49], protein content of
almonds and cakes from these different plants vary
respectively between 25% to 40% for almonds and 30 to
50% for cakes. In view of these various observations,
almonds of Momordica cabrae represent good protein
sources. According to [33], a food is rich in protein, if this
rate is between 28% and 84.4%. In a country marked by a
protein deficit in diets, the consumption of Momordica
cabrae almonds could help to prevent disorders linked to
protein deficiency which often prevails in developing

countries such as Céte d'lvoire. Indeed, in developing
countries such as those of sub-Saharan Africa, because of
their high price, animal proteins are inaccessible to
poorest and most needy social strata. The diet is thus
characterized by protein deficit, the consequences of
which are particularly evident in young children. At the
time of weaning, the latter pass without transition from
breast milk to unbalanced family diets based on cereals
(maize, rice, millet) and tubers (cassava, yam, potato) low
in protein [50]. These growing children therefore require
protein supplementation. The study also showed that the
level of amino acids in the meal and the toasted meal
presents a significant difference at the 5% threshold. This
observation would be due to the difference in protein
concentration mentioned above between the meal (41.45%)
and toasted flour (28.16%) from Momordica cabrae
almonds.

The essential amino acids seen in Momordica cabrae
seeds are isoleucine, leucine, L- histidine, L-threonine,
and phenylalanine. [51,52] and [27] also showed presence
of these amino acids in the seeds of Momordica charantia,
and Momordica balsamina. Since Momordica cabrae
almonds are consumed after roasting, the amino acid
profile of the raw flour has not been determined.
Carbohydrates are the most predominant components in
plant matter in general. This finding is observed in the
almonds of Momordica cabrae studied. Results obtained
in this study show a significant difference at the 5%
threshold between the different samples. The highest
carbohydrate rate (59.9%) is observed to the cake, while
the flour from the roasted almonds contains the lowest
carbohydrate rate (34.97%). The reduction in rate of
carbohydrates in toasted flour would be linked to the heat
treatment which would promote a partial gelatinization of
the starch content, hence the reduction in the rate of
carbohydrates. Carbohydrate levels (37.03%) observed in
the unroasted almonds of Momordica cabrae approach
those determined (34.31% and 39.05%) respectively in the
almonds of Momordica charantia and Momordica
balsamina [51]. Moreover, these carbohydrate contents
(37.03%) are higher than those determined by [7] for some
seeds of spontaneous plants. These are Ricinodendron
heudelotii, Strombosia pustulata, Irvingia gabonensis,
Sesamum indicum and Beilschmiedia mannii with contents
varying between 0.8 to 8.7% per 100 g of dry matter in the
Center West of Cote d’lvoire. The carbohydrate content
(29.90%) of cake from roasted almonds of Momordica
cabrae is higher than that determined (25%) by [46] in the
seed cake of Arachis hygogaea. Energy values observed in
toasted flour (471.67 Cal/100 g), raw flour (417.51
Cal/100 g) and cake (316.18 Cal/100 g) show a significant
difference (p < 0. 05) between them. This finding could
probably be justified by lipid rate (24.35%) of flour from
toasted almonds being higher than the lipid rate of the
untoasted flour (14.55%) and cake (3.42%). Indeed,
energy value is the sum of energy values of each simple
organic food and especially because one gram (1 g) of
lipid provides an energy value of 9 kilocalories [53].
Compared to the energy values obtained by [27] in seeds
of Momordica charantia (241.66 Cal /100 g) and
Momordica dioica (311.5 Ccal / 100 g), seeds of
Momordica cabrae have a high energy value. In view of
these results, Momordica cabrae seeds could be classified
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in the same energy group as oilseeds [30]. According to
these authors, energy value of these seeds is between 350
to 617 Cal. Energy value (316.18 Cal/100 g) obtained in
almond meal of Momordica cabrae is lower than those
found by [54] in soybean meal (427.28 Cal/100 g) and in
Arachis hygogaea meal (428.62 Cal/100 g). Analysis of
phytochemical compounds of Momordica cabrae kernels
revealed presence of phenolic compounds (phenolic acids
and total tannins) and phytates. Unroasted almonds
contain more total phenolic acids (1050.47 mg/100g),
tannins (423.56 mg/100g) and phytates (540.05 mg/100g)
than roasted almonds (respectively 920.17 mg/100g;
319.07mg/100g; 404.54mg/100g). The lowest values are
observed in toasted flour and cake. The decrease in level
of phenolic compounds in the toasted flour and in brown
cake could be justified respectively by the roasting and the
delipidation suffered by the kernels of Momordica cabrae.
Indeed, after roasting for 20 min at 100°C, total phenolic
acids are reduced by 12.40%, phytates by 25.09% and
tannins by 24.66%. These results confirm the heat-labile
characteristics of tannins and phytates, unlike phenolic
acids which have a heat-resistant character [55].
Nevertheless, this treatment influenced the level of
secondary metabolites in seeds of Momordica cabrae.
This made it possible to determine a level of total phenolic
compounds lower than the limit indicated by [56]. Those
limit varied from 130 mg/100 g to 970 mg/100 g in
several wild vegetables consumed in Cameroon including
Talinum triangulare, Momordica charantia, Moringa
oleifera and Vigna unguiculata [56]. Momordica cabrae
kernels contain a higher content of phenolic compounds
than those found by [57] in dry seeds of Momordica
charantia and Momordica dioca. According to these
authors, the contents of total phenolic acids and total
tannins are respectively 33.90 mg/100 g and 8.51 mg/100
g in dry seeds of Momordica charantia. For Momordica
dioica seeds, these values are 49.31 mg /100 g for
phenolic acids and 19.25 mg/100g for tannins. However,
phytate levels observed in kernels of Momordica cabrae
(540.05 mg/100 g) are much lower than 943 mg/100 g and
1014 mg/100 g found by [58] in oats and whole wheat
flour respectively. These observed differences are
certainly due to the composition of the solvent. Indeed, a
solvent with a high ethanol content facilitates the
extraction of polyphenolic compounds [59]. Regarding the
meal of Momordica species, no data on the composition of
secondary metabolites are available. On the other hand,
the rate of tannins (264.28 mg/100 g) obtained in this
study is higher than those obtained by [48] in seed cakes
of Ricinodendron heudelotii and Tetracarpidium
conophorum cooked in water between 0 to 120 min with
tannin values respectively between 190 and 250 mg / 100
g and between 170 and 220 mg / 100 g. Momordica
cabrae almond cake could therefore be used in animal
feed like rapeseed and sunflower cake after recovery of
phenolic compounds [60]. According to [6], phenolic
acids are the chemicals considered to be the main
secondary metabolites of plant origin. Thus, this study
made it possible to determine several specific phenolic
acids both in the almonds (raw and roasted) and in the
cake of the almonds of Momordica cabrae. These are the
most important procyanidin, catechin, epigallocatechin,
chlorogenic acid, caffeic acid and gallic acid in raw flour.

Procyanidin, chlorogenic acid and caffeic acid remain
undetermined in the meal. These findings could be
explained by the roasting and delipidation of Momordica
cabrae kernels. Very little data is available on the
phytochemical composition of Momordica. Nevertheless,
it appears that rate of chlorogenic acids (11.37mg/100g) of
kernels of Momordica cabrae is higher than that obtained
in the seeds of Momordica cochinchinensis (2.98
mg/100g). On the other hand, level of caffeic acids (3.39
mg/100) in kernels of Momordica cabrae is similar to that
obtained by [61] in seeds of Momordica cochinchinensis
(3.41 mg/100g). Moreover, gallic acid content (4.92
mg/100g) is lower than that determined by the same
authors in the seeds of Momordica charantia (20.2
mg/100g). With these results, Momordica cabrae kernels
could be used as an important source of phenolic
compounds [62]. One food ingredient can slow down or
enhance the action of another. Thus, divalent cations such
as iron, magnesium, zinc and calcium are chelated by
phytates, thus reducing their biological availability [63].
The respective phytate/Zn (25.71; 17.58; 15.01) and
phytate/Fe (12.00; 8.79; 7.16) ratios obtained in raw
almond flour, toasted almond flour and meal are greater
than 3 and 0.5, which are the limit thresholds for the bio-
accessibility of iron and zinc respectively in a food [64].
Since these ratios are too high, iron and zinc contained in
Momordica Cabrae almonds are not bio-available.
Furthermore, phytates/Ca and phytates/Mg ratios below
2.50 indicate that the amount of phytates has no effect on
the bio-availability of both minerals. The main function of
calcium (Ca) and phosphorus (P) is to produce and
maintain bones in the body. Too much of one of these
minerals can therefore prevent the body from benefiting
from the other. The too low Ca/P ratio (0.42) recorded
leads to the need to provide a calcium supplement in any
diet based on Momordica cabrae almonds sodium and
potassium are also of interest for good blood circulation.
Indeed, excessive sodium consumption is linked to high
blood pressure [65]. The very low sodium to potassium
ratio (0.09) illustrates a high potassium content in
Momordica cabrae almonds. The consumption of these
almonds would therefore be recommended for individuals
suffering from arterial hypertension in order to balance
this ratio (0.57), i.e. 2 g of sodium for 3.5 g of potassium
per day [65] to prevent high blood pressure leading to
stroke [66].

5. Conclusion

Analysis of biochemical composition of Momordica
cabrae almonds revealed that almonds contain a very wide
variety of nutrients including carbohydrates, lipids and
proteins. Their profile revealed a range of essential amino
acids, including isoleucine, leucine, histidine, threonine
and phenylalanine, all essential for the wellbeing of the
consumer. The main minerals are potassium, phosphorus,
calcium and magnesium. To these compounds, are added
fibers and several antinutritional compounds including
phytates and phenolic compounds. All of these
compounds mentioned above, are present in unroasted
almonds, roasted and cake almonds. Untreated almonds
presented high concentrations of antinutritional compounds.
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Roasted momordica cabrae almonds can be recommended
in diet of Ivorian populations to combat cardiovascular
diseases and cancers, etc. Momordica cabrae cake can be
used as animal feed.
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