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ABSTRACT
Kawal is made by a natural or uncontrolled fermentation of Senna obtusifolia leaves. It is a food condiment, and appreciated
because of its particular flavor. It is also used as a meat or fish substitute. Kawal is an important source of protein in the diet
of low-income families. The present work was done to determine the total amino acid content in raw and fermented Senna
obtusifolia leaves. The high performance liquid chromatography (HPLC) with The Pico-Tag method was used for the
analysis and determination of amino acid profiles. The results obtained showed that the kawal protein is rich in essential
amino acids and semi-essential for humans, with different concentrations. Leucine gave a maximum value of 208.56
mg/100 g (DM) and 538,29 mg/100 g (DM); valine showed the value of 173,46 mg/100 g (DM) and 476.25 mg/100 g
(DM), for lysine this value is 205.58 mg/100 g (DM) and 456.13 mg/100 g (DM). In the background, we have histidine,
threonine, tyrosine, isoleucine and phenylalanine, whose best concentrations are between 157.36 mg/100 g and 397.93
mg/100 g (DM) in fermented leaves. For semi-essential amino acids, the fermented leaves have concentrations of between
121.96 mg/100 g and 1260.92 mg/100 g (DM).
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variable amino acid composition [1-5]. Different parts of

INTRODUCTION

the world have a valuable heritage of various indigenous

Leafy vegetables are generally good sources of nutrients,

leafy vegetables. In Africa, most of these species of

high in dietary fiber, rich in minerals, vitamin and other

vegetables are wild forest vegetables used by local

nutrients. They are an important source of protein and

communities living in different agro-ecological zones [6].
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These vegetables are usually consumed in raw form or

essential and semi-essential amino acids and their

traditionally

before

proportions make it possible to compare the nutritional

consumption. Proteins are an indispensable component of

value of the various foods analyzed [8]. Among the

nutrition whose nutritional role is to provide amino acids,

protein-rich forest vegetables, there is Senna obtusifolia

which are the only source of nitrogen available to

(Figure 1) whose fermented leaves were commonly

humans by providing essential amino acids [7]. The

called kawal in Chad.

processed

by

fermentation

Figure 1: (a) Senna obtusifolia, (b) flower, (c) pod, (d) leaf, (e) seeds, (f) root.
Kawal is a product obtained by natural fermentation of

MATERIAL AND METHODS

leaves of Senna obtusifolia, and widely consumed in

Sampling

Chad, Sudan and others parts of Central Africa. It is used

Kawal or Senna obtusifolia leaves (Figure 1 and Figure

as a substitute for meat, fish or appetizing in the sauce.

2) samples were collected in three regions in Chad (East,

The process of transformation of kawal is artisanal. They

Central and South) and in the municipalities of

are realized with rudimentary equipment and an

N'djamena (capital). The samples were obtained from

uncontrolled fermentation. There are different types of

different technological process at different production

traditional kawal production diagrams in Chad with main

sites according to the production diagram described by

operations being fermentation and sun drying [9]. Kawal

Abakar et al. [9]. Kawal manufacturing process consists

contains diverse microorganisms, dominated by Bacillus

of several stages, the main unit operations are

genus that perform an alkaline fermentation, associated

fermentation and drying (Figure 3).

with Lactobacillus genus [9,10]. Traditional production
processes

and

microorganisms

associated

with

fermentation can have a significant impact on the
biochemical composition of the product [11]. Kawal is
rich in protein and protected many children against
kwashiorkor during famine years and there are few
studies on kawal amino acids.

Figure 2: Kawal samples (A and B: fermented leaves forms).
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Description of standard
(Thermo Scientific Pierce Amino Acid Standard H):
Mixture contains seventeen (17) amino acids (Table 1)
for assessment of amino acid composition of peptide
hydrolyzates.

Figure 3: Flow general chart for kawal production [9].
Table 1: Composition of the standard of amino acids.
Analysis and Determination of Amino Acid Profiles
Amino acids were analyzed by high performance Liquid

C. Hydrolysis

Chromatography (HPLC), using Pico-Tag method, first

After defatting, 0.4 g of each sample was weighed

described by Heinrikson and Meredith [12] and recently

exactly for the amino acid analysis. The protein and

developed commercially by Waters Associates, under the

peptide of the samples were hydrolyzed in vacuum for 24

name of Pico-Tag [13]. The Pico-Tag technique includes

hours at 105°C in 15 ml of 6 N HCl solution. The

a hydrolysis step for proteins or peptide samples. Then

solution is filtered with a 0.45 μm diameter filter and

pre-column derivatization of the samples under basic

collected in the tubes.

conditions, with PITC and analysis by reverse phase
HPLC. A reverse phase Pico-Tag column (3.9 × 150
mm) C18 at 40°C and a UV detector at 254 nm were
utilized during chromatographic separation on the
hydrolyzates. The solvent system consisted of two
eluents, A and B and standard.

D. Derivatization
An aliquot (10 μl) of hydrolyzed was dried under vacuum
for 15 minutes. After drying, the sample suspended in 20
μl of solution (methanol, triethylamine, and water),
incubated at room temperature for 20 minutes, and dried
again under vacuum for 45 minutes. The injection was

A. Preparation of Eluent A

made by placing 40 μl of each solution with 100 ml of

19 mg of sodium acetate trihydrate was weighted and

Pico-Tag solvent. This injection operation was performed

dissolved in 1000 ml of milli-Q water and mixed with 0.5

in duplicate.

ml of triethylamine (TEA). Then adjusted the pH 4.5
with glacial acetic acid and filtered the solution through
0.45 μm membrane filter.

Statistical Analysis
The analyses were carried out in triplicate and all values
are given as the mean ± standard deviation. The SPSS

B. Preparation of Eluent B

software (SPSS Statistics, 17.0) were performed for

710 mg of disodium hydrogen was mixed with 400 ml of

statistical analyses. A value of p <0.05 was considered

milli-Q water and 600 ml of acetonitrile. Adjusted the pH

statistically signiﬁcant.

7.4 with 10% phosphoric acid.
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RESULTS AND DISCUSSION

essential for humans and limiting in cysteine (semi-

Determination of seventeen amino acid concentration of

essential amino acids). Sulfur amino acids are not strictly

the kawal was conducted by HPLC and the results of

limited in the product. Essential amino acids cannot be

amino acid profile of different samples and the standard

synthesized de novo by the organism, because the body

were shown in the chromatograms (Figure 4). The mean

does not have the enzymes required to produce them and

of total amino acid contents of the samples from different

most also have specific functions [14]. The lysine content

technics of production summarized in Table 2. Sixteen

in the raw leaves of Senna obtusifolia and the increase of

amino acids were detected and identified in unfermented

the concentration in some samples resulting from

and fermented leaves of Senna obtusifolia. The result

fermentation is important from the nutrition point of

showed the differences in amino acid contents among

view. Lysine is a truly essential amino acid that has

these samples. The Samples from site of production K4

specific functions, facilitates the synthesis of carnitine

presented the highest average amounts in amino acids.

and the assimilation of other amino acids, and is limited

These results showed a significant difference in the

in many plant foods. However, the highest concentration

content of amino acids between the production sites. It

of lysine in the product were 205.58 mg/100 g (DM) for

follows from this table that kawal protein is rich in amino

raw leaves and 456.13 mg/100 g (DM) for fermented

acids; it largely covers the essential amino acid

leaves of Senna obtusifolia. Lysine and others essential

requirements (lysine, histidine, threonine, tyrosine,

amino acid, which many plant proteins are deficient in

leucine, isoleucine, phenylalanine, and valine) and semi-

[15,16].

Where: K1, K2, K3 and K4, samples from different techniques and different sites of productions.
Table 2: Amino acid content of unfermented and fermented Sanna obtusifolia leaves.

Senna obtusifolia fermented leaves or not it is well

concentration of amino acids are sufficient according to

balanced in essential amino acids, and semi-essential

the amino acid requirements for different age groups by

amino acids, as shown by the results of this study. These

the FAO (Food and Agriculture Organization) and WHO
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(World Health Organization) [17,18]. Leucine remarked

unfermented leaves. Leucine has a regulatory role in

to be the highest essential amino acids in all samples

muscle protein synthesis and the protein balance in the

analyzed. The concentration of leucine in products is

body [19]. Methionine recorded the lowest concentration

538.29 mg/100 g (DM) two fold more was found in

of amino acid in the unfermented leaves but the values

fermented leaves, and 205.58 mg/100 g (DM) for

increased in fermented leaves.

Figure 4: Chromatograms showing different peaks for the amino acids determined in the product with the HPLC method. A (Standard),
B (green leaves) and C (fermented leaves).

The most important amino acids from quantitative point

[22].When individuals are fed histidine-free diets, the

of view proline and glutamic acids are presented in all

effects on hemoglobin concentrations will be observed

samples analyzed with highest concentration. Aspartic

[23,24].

acid, glycine and glutamic acid are known to play an
important role in the process of wound healing [20].
Arginine is an essential amino acid for children growth
[21] and it is present in the all samples analyzed. Others
amino acids have shown variants concentration in the
product

and

have

important

physiological

role,

Histidine is a nutritionally essential amino acid that is
also a precursor for several hormones and hemoglobin

The methods of chromatographic separation of amino
acids are numerous. The most used technique is high
performance liquid chromatography or HPLC. The
chromatographic conditions used made it possible to
separate the seventeen amino acids with a good
separation and a perfect resolution of the peaks
corresponding to Aspartic acid, Glutamic acid, Serine,
149
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Glycine,

Histidine,

Arginine,

Threonine,

Alanine,

tryptophan, leucine, valine, isoleucine, histidine and

Proline, Tyrosine, Valine, Methionine , Cysteine,

phenylalanine. The amino acid composition of a given

Isoleucine, Leucine, Phenylalanine and Lysine (Figure

product is likely to vary depending on various factors,

4).

mainly variety or species, physiological stage, cropping
conditions, treatments. Given these possibilities of

Results of these studies showed that fermentation caused
an increase in the concentration of total amino acids in
the fermented leaves. Generally, amino acid composition
of Senna obtusifolia leaves did not show decrease after
processing stage. However, fermenting method used has
significant effect to the amino acid concentration of raw
leaves. Similar increases of amino acid content in
vegetable fermented food, during fermentation of Baobab
seeds, Parkia biglobosa, Prosopis africana, and soybean
seeds were also reported by Ouoba et al. [25]; Odibo et
al. [15]; Dakwa et al. [26] and Parkouda et al. [11].
Proteolysis has been reported to be the main metabolic
activity during the fermentation of these products. This
proteolytic activity of the microorganisms responsible for
the fermentation degrade the proteins into peptides then
into amino acids and has been observed during
fermentation of kawal [9]. The increase in nutritional
value was also observed during the fermentation of

variation, our results are generally in agreement with
those of the various authors, insofar as they find
comparable results between them. However, some
differences between the results obtained by the different
authors seem to be related to the methods used.
Mbaiguinam et al. [31] showed from their results
obtained using GC and GC/MC that fermentation of
leaves of Senna obtusifolia to produce kawal results in a
loss of protein content of 20.2% to 12.9% in fresh leaves.
It has also been reported by these authors that the amino
acid content reduced by the same amount. In contrast, our
results agree with other authors who confirm that kawal
fermentation increases nutrient concentration and protein
content from 21.87% to 30.20% [32,33]. It is necessary
to carefully interpret the studies on fermentation and the
nutritional value of products, contradictory results may
be due to the different test methods used and the
microorganisms concerned.

legumes; an example is provided by the "tempeh", made
of fermented soybeans [27]. These improvements have

CONCLUSION

been attributed to increased digestibility induced by the

The fermented or unfermented Senna obtusifolia leaves

proteolysis of complex proteins into peptides of various

appear to be relatively well balanced in amino acids, yet

lengths and amino acids [28]. Similar changes were

they have all the essential amino acids requirements. The

observed during the fermentation of 'idli', an Indian

results obtained demonstrated that the concentration of

product made by mixing black chickpeas (Phaseolus

total amino acids fluctuated during fermentation of Senna

mungi) and rice [27].

obtusifolia leaves. The kawal contains significant profiles
and could cover the essential amino acid requirements of

Alkaline fermentations cause the hydrolysis of proteins to
amino acids and peptides by the action of Bacillus
species such as B. subtilis, B. licheniformis and B.
pumilius has been reported by Blades et al. [29] and

adults and children. These values are sufficient according
to the recommendations of FAO and WHO. This
nutritional value should be fully exploited in the interest
of human nutrition.

Chelule et al. [30]. Previous research has shown that B.
subtilis B9 and B15 have the best degradation capacity of

CONFLICT OF INTEREST

faba bean proteins, resulting in the release of high

The authors and planners have disclosed no potential

concentrations of essential amino acids such as lysine,

conflicts of interest, financial or otherwise.
152

http://www.tridhascholars.org | December-2020

FUNDING

funding agencies in the public, commercial, or not-for-

This research did not receive any specific grant from

profit sectors.

REFERENCES
1. Negi PS, Roy SK (2001) Effect of drying conditions on quality of green leaves during long term storage. Food Research
International 34(4): 283-287.
2. Tchiégang C, Kitikil A (2004) Ethnonutrition data and physico-chemical characteristics of leafy vegetables consumed in
the Adamawa savannah (Cameroon). Tropicultura 22(1): 11-18.
3. Oboh G, Raddatz H, Henle T (2008) Antioxidant properties of polar and non‐polar extracts of some tropical green leafy
vegetables. Journal of the Science of Food and Agriculture 88(14): 2486-2492.
4. Dansi A, Adjatin A, Adoukonou-Sagbadja H, et al. (2009) Traditional leafy vegetables in Benin: Folk nomenclature,
species under threat and domestication. Acta Botanica Gallica 156(2): 183-199.
5. Nurzynska-Wierdak R (2015) Protein nutritional value of rocket leaves and possibilities of its modification during plant
growth. Turkish Journal of Agriculture and Forestry 39(6): 1023-1028.
6. Houndji BVS, Ouetchehou R, Londji SBM, et al. (2013) Microbiological and physico-chemical characterizations of
Moringa oleifera (Lam.) Leaf powder, a leaf vegetable traditional in Benin. International Journal of Biological and
Chemical Sciences 7 (1): 75-85.
7. Biesalski HK, Grimm P (2001) Pocket atlas of nutrition. Maloine.
8. Pion R, de Belsunce C, Fauconneau G, et al. (1963) Amino acid composition of some foods. In Annales de Biologie
Animale Biochimie Biophysique, EDP Sciences 3(1): 11-18.
9. Abakar IL, Tidjani A, Taale E, et al. (2009) Traditional technologies and probiotic properties of bacillus strains isolated
from kawal - A Chad traditional fermented food condiment. Journal of Food Technology Research 6(2): 57-71.
10. Dirar HA, CAB Int (1993) Flavours and substitutes of plant origin: In the indigenous fermented foods of the Sudan. UK,
CAB Int& Wallingford 447.
11. Parkouda C, Ba F, Ouattara L, et al. (2015) Biochemical changes associated with the fermentation of baobab seeds in
Maari: An alkaline fermented seeds condiment from western Africa. Journal of Ethnic Foods 2(2): 58-63.
12. Reddy MN, Maraganore JM, Meredith SC, et al. (1986) Isolation of an active-site peptide of lipoprotein lipase from
bovine milk and determination of its amino acid sequence. Journal of Biological Chemistry 261(21): 9678-9683.
13. Bidlingmeyer BA, Cohen SA, Tarvin TL (1984) Rapid analysis of amino acids using pre-column derivatization. Journal
of Chromatography B: Biomedical Sciences and Applications 336(1): 93-104.
14. Tomé D (2008) Protein and amino acid requirements & quality of dietary proteins. Critical Reviews in Food Science and
Nutrition 48(177).
15. Odibo FJC, Ezeaku EO, Ogbo FC (2008) Biochemical changes during the fermentation of Prosopis africana seeds for
ogiri-okpei production. Journal of Industrial Microbiology & Biotechnology 35(9): 947.
16. Guéguen J, Walrand S, Bourgeois O (2016) Plant proteins: Context and potential in human nutrition. Notebooks of
nutrition and dietetics 51(4): 177-185.
17. Consultation FE (2011) Dietary protein quality evaluation in human nutrition. FAO Food and Nutrition Paper 92: 1-66.
18. Lee WT, Weisell R, Albert J, et al. (2016) Research approaches and methods for evaluating the protein quality of human
foods proposed by an FAO expert working group in 2014. The Journal of Nutrition 146(5): 929-932.

153

http://www.tridhascholars.org | December-2020
19. Koopman R, Wagenmakers AJ, Manders RJ, et al. (2005) Combined ingestion of protein and free leucine with
carbohydrate increases postexercise muscle protein synthesis in vivo in male subjects. American Journal of PhysiologyEndocrinology and Metabolism 288(4): E645-E653.
20. Zuraini A, Somchit MN, Solihah MH, et al. (2006) Fatty acid and amino acid composition of three local Malaysian
Channa spp. fish. Food Chemistry 97(4): 674-678.
21. Aremu MO, Ekunode OE (2008) Nutritional evaluation and functional properties of Clarias lazera (African catfish) from
river Tammah in Nasarawa State, Nigeria.
22. Kessler AT, Raja A (2019) Biochemistry, histidine. In StatPearls [Internet]. StatPearls Publishing.
23. Kriengsinyos W, Wykes LJ, Ball RO, et al. (2002) Oral and intravenous tracer protocols of the indicator amino acid
oxidation method provide the same estimate of the lysine requirement in healthy men. The Journal of Nutrition 132(8):
2251-2257.
24. World Health Organization and United Nations University (2007) Protein and amino acid requirements in human
nutrition. World Health Organization: 935.
25. Ouoba LII, Rechinger KB, Barkholt V, et al. (2003) Degradation of proteins during the fermentation of African locust
bean (Parkia biglobosa) by strains of Bacillus subtilis and Bacillus pumilus for production of Soumbala. Journal of
Applied Microbiology 94(3): 396-402.
26. Dakwa S, Sakyi-Dawson E, Diako C, et al. (2005) Effect of boiling and roasting on the fermentation of soybeans into
dawadawa (soy-dawadawa). International Journal of Food Microbiology 104(1): 69-82.
27. Gyorgy P (1961) The nutritive value of tempeh. Proceedings of the National Academy of Sciences of the United States
of America 281-286.
28. Smith AK (1972) Soybeans: Chemistry and technology. The Avi Publishing Company.
29. Blades M, Enujiugha VN, Akanbi CT, et al. (2008) Evaluation of starters for the fermentation of African oil bean
(Pentaclethra macrophylla Benth) seeds. Nutrition & Food Science.
30. Chelule PK, Mbongwa HP, Carries S, et al. (2010) Lactic acid fermentation improves the quality of amahewu, a
traditional South African maize-based porridge. Food Chemistry 122(3): 656-661.
31. Mbaiguinam M, Mahmout Y, Tarkodjiel M, et al. (2005) Constituents of Kawal, fermented Cassia obtusifolia leaves, a
traditional food from Chad. African Journal of Biotechnology 4(10).
32. Nuha MO, Isam AMA, Elfadil EB (2010) Chemical composition, antinutrients and extractable minerals of Sicklepod
(Cassia obtusifolia) leaves as influenced by fermentation and cooking. International Food Research Journal 17: 775-785.
33. Algadi MZ, Yousif NE (2015) Anti-nutritional factors of green leaves of Cassia obtusifolia and Kawal. Journal of Food
Processing & Technology 6(9): 1.

152

