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Abstract

Baobab (Adansonia digitata) is a deciduous tree with many useful plants. The objective of this work was to determine
the effect of processing methods on proximate, mineral composition, phytochemical and anti-nutrient of control, boiled,
roasted and fermented samples of baobab seeds. The result showed that the protein content of the seeds of different
process ranged from (32.87%) roasted to (32.13%) control sample. The fat content ranges from (30.97%) roasted to
(29.77%) boiled seeds. The ash content ranges from (0.60%) boiled to (0.57%) fermented. The moisture content ranges
from (9.03%) boiled to (8.53%) control sample. The carbohydrate content ranges from (29.93%) boiled to (26.73%)
roasted seeds respectively. While the mineral composition of the seeds measure in (mg/100g) ranges from: Ca (188.33)
fermented to (173.33) boiled, Fe ranges from (12.87) fermented to (11.73) boiled, Na ranges from (446.67) fermented
to (416.67) boiled, Mg ranges from (55.00) fermented to (46.67) boiled, K ranges from (43.33) fermented to (33.33)
boiled, Cu ranges from (0.83) fermented to (0.60) boiled seeds respectively. While the phytochemicals and antinutrient
factors of the seeds measured in (mg/100g) ranges from: Alkaloids ranges from (30.00) control sample to (20.00)
fermented, Flavonoids ranges from (61.67) fermented to (48.33) boiled, Steroids ranges from (20.00) fermented to
(15.00) control sample, Tannins ranges from (140.00) roasted to (128.33) boiled , Saponins ranges from (45.00) control
sample to (33.33) fermented, Protease Inhibitors ranges from (0.83) control sample to (0.40) fermented seeds
respectively. The baobab seeds are a very proteinous with high mineral composition. Therefore, these seeds can be
useful in the preparation of diets for people with low-level of mineral elements and also as dietary supplement in
weaning food to improve quality of diets of infants and children.
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1. Introduction

Baobab or Adansonia digitata L. belongs to the Malvacea family [1] and is a deciduous tree native to Arid Central Africa
[2]. It distribution area is large and this species can be found in most of Sub-Sahara Africa's semi-arid and sub-humid
regions as well as in western Madagascar [3]. It has been introduced to area outside Africa and grown successfully [4].
The baobab tree provides food, shelter, clothing and medicine as well as material for hunting and fishing [5] cited in
[6]. Every part of the baobab tree is reported to be useful [6]. The leaves, either fresh or dried and pulverized are used
for preparing soup which is poured over the dish of porridge made from sorghum (Guineesia) or millet (Pennisetum
elusine) flour. Seeds are used as a flavouring agent, or roasted and eaten as snacks [7]. Fermented and ground baobab
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seed is one of the food condiments used to flavour soups in northern Nigeria. Roasted seeds could replace groundnut
(peanut) to some extent as side dishes [8]. Its fruit pulp has very high vitamin C content (seven to ten times that of
orange) and can be used in seasoning, as an appetizer and to make juices. Seeds contain appreciable quantities of crude
proteins, digestible carbohydrates and oil, whereas they have high level of lysine, thiamine, calcium and iron. They can
be eaten fresh or dried, ground into flour and thus added to soups and stews. Baobab leaves are superior nutritional
quality to fruit pulp, and contain significant level of vitamin A. Baobab (Adansonia digitata), locally called Kuka (Hausa)
and Luru (Yoruba) is a high yielding, draught resistant and all season plant. This gives it an advantage over other
legumes that are seasonal, high rainfall and fertilizer demanding crops. Several local processing and preparation method
can be used to enhance the bioavailability of micronutrients in Baobab (which is another non-conventional legumes).
These methods include thermal processing, mechanical processing, soaking, fermentation, dehulling, germination or
combination of two or more methods [9].

This study was embarked upon to study the effect of processing on chemical composition, phytochemicals, minerals and
anti-nutrients factors content of Baobab (Adansonia digitata) seeds.

2. Material and methods

The baobab fruits (Adansonia digitata) were collected from the bush at Komi Reserve Forest, Saki, Oyo State.

2.1. Preparation of materials

Materials were collected from the bush at Koomi Area in Oyo State. The woody pericarp of the baobab fruit was broken.
The dried pulp was scraped from the seeds by soaking in clean water for few hours. The seeds were washed thoroughly,
cleaned, drained and dried in a shade for few minutes. The seeds were divided into four portions. The first portion was
placed separately and the remaining portions were boiled at a temperature of 100° C (boiling point of water) for 31/2
hours respectively. The baobab seeds were then dehulled and dried in a shade for 48 hours. The first portion was a
control sample, the second portion was boiled baobab seeds, the third portion was roasted at a temperature of 140 °C
for 15 minutes, while the fourth portion was placed inside a calabash and then covered with fresh banana leaves and
put in a dark room to ferment by the natural microflora present in the dehulled seeds at 25-30© C for 6 days. The
fermented seeds were then dried in the air oven at 85 © C for 24 hours to 96% dry matter. The control sample, boiled,
roasted and fermented seeds were milled into fine flours using milling machine. The flours were sieved and stored safely
until used for various analysis.

The fruit were divided into four portions. Sample A (control), Sample B (boiled seeds at 100°C for 15 minutes), Sample
C (roasted seeds) and Sample D (fermented seeds)

2.2. Determination of nutritional composition

The recommended methods of the Association of Official Analytical Chemicals [10] were used for the determination of
moisture ash, crude fibre and protein content and mineral carbohydrate was calculated by difference as the sum of the
moisture fat, protein and ash contents were subtracted from 100 as outlined in [10]. The sample calorific value was
estimated (in kcal) by multiplying the percentages of crude protein, crude lipid and carbohydrate by the recommended
factors (2.44, 8.37 and 3.47 respectively) as used in vegetables analysis by [11].

2.3. Determination of antinutritional and phytochemical composition of Adansonia digitata seeds sample
The methods describe by [12] and [13] adopted for the determination of alkaloid, oxalate, phytate, saponins, tannin,
total flavonoid and phenoic compounds.

2.4. Statistical analysis

Quantitative data were expressed as means and standard deviation (SD) of at least three measurements. Each
experimental set was compared with one way analysis of variance (ANOVA) procedure using Statistical Package for
Social Sciences (SPSS) version 11.5 (SPSS Inc. Chicago IL. USA) Duncan’s new multiple range test was used to determine
the differences of means P values <0.05 were regard as significant.
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3. Results and discussion

Table 1 The proximate analysis of baobab seeds

Samples A B C D

Control Boiled Roasted Fermentation
Protein 32.13d £0.15 | 32.67d £0.15 | 32.87a+0.15 | 32.25b+0.15
Fat 30.43b+0.31 | 29.77c¢+0.15 | 30.97a+0.21 | 30.13bc* 0.15
Ash 0.57a +0.23 0.60a + 0.20 0.57a +0.23 0.57a+0.23
Moisture 8.53c+ 0.15 9.03a+0.15 8.87ab +0.21 | 8.63bc+0.15
Carbohydrate 32.33b+0.32 | 29.73a+0.29 | 26.73c+0.70 | 27.70b +0.70

Values are means of triplicate assay + standard deviation values on a row with different subscripts are significantly different from each other

Result of the proximate composition of baobab seeds in table 1 shows that the protein content obtained in this study is
significantly differed, with values ranging from 32.87a+ 0.15, 32.57b+ 0.15, 32.13<+ 0.15 and 30.674 £ 0.15 in roasted
seeds, fermented seeds, control sample and boiled seeds respectively. These values are similar to those reported by [14]
in A. digitata seeds but relatively higher than those reported for Neocraya macrophylla (20.37%) by [15].

The crude protein content in roasted seeds was 32.872+ 0.15g/100g determined in dry matter, this content of seeds is
higher when compared with common cereals like whole wheat flour, parboiled rice and eggs in which case the protein
content is 8.55%, 7.7% and 12.6% respectively [16] that makes Adansonia digitata seeds great supplement to cereal
based foods. According to [17] plant foods are that provide more than 12% of its calorific value from protein are
considered good source of protein and this indicates that the seed under investigation is a potential source of protein
of dietary protein supplement to meet the recommended daily requirements for humans [18].

The high crude fat content obtained in this study is significantly differed, with values ranging from 30.972 + 0.21, 30.43"
+0.31,30.13bc+ 0.15 and 29.77¢ £ 0.15 in roasted seeds, control samples, fermented seeds and boiled seeds respectively.
These values are in agreement with the report for A. digitata seeds by [14]. These averages are nutritionally significant
because it is an excellent source of mono and polyunsaturated fatty acids [19]. The high content of mono and
polyunsaturated fatty acids suggests that baobab seed oil would be useful as food oil [19]. The oils are used in typical
treatment of various conditions such as hair dandruff, muscle spasms, varicose vein and wounds [20, 21]. Therefore,
due to the high lipid content, the seeds could be use as a potential source of oil.

The ash content of baobab seeds in this study is significantly differed, with values ranging from 0.602 + 0.20, 0.572 +
0.23, 0.572 + 0.23 and 0.572 + 0.23 in boiled seeds, control samples, roasted seeds and fermented seeds respectively.
This values is not in agreement with the one reported for A. muricata seeds (2.29%) [22].

The moisture content of the baobab seeds was significantly decreased from 8.532+ 0.15 in control sample to 8.872b +
0.21 and 8.63Pc + (.15 in roasted seeds and fermented seeds while it increased to 9.032 + 0.15 in boiled seeds
respectively. The lowest value was recorded in control sample (8.53b¢ + 0.15) which may be attributed to non-removal
of the seed coats. The lower value in fermented seeds (8.63b¢ + 0.15) is because the fermenting organism utilized water
for their metabolisms and then reduced bulk of the seeds. The low-level of moisture content of the seeds below 10%
implies that seeds can be stored for longer time without spoilage [23].

The carbohydrate content obtained in this study was significantly differed, with values ranging from 29.932 + 0.29,
28.33b + 0.32, 27.90" £ 0.70 and 26.73¢ + 0.70 in boiled seeds, control samples, fermented seeds and roasted seeds
respectively. This lower value of carbohydrate in roasted seeds was comparable to that reported by [7] and the lower
value in fermented seeds is in agreement with the reports for A. digitata seeds by [24,14] and relatively higher than
8.64%DW in Neocarya macophylla seeds and 19.20%DW in Africa locus bean by [15 and 25] respectively. The decrease
is likely due to the use of the nutrient especially its metabolites, the simple sugar, as a source of energy [26]. The main
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supplement the energy requirements for some of our daily activities.

Table 2 The minerals analysis of baobab seeds.

Samples A B C D

Calcium 180.002+ 5.00 173.33¢+2.289 | 186.672+ 2.89 188.332+ 2.89
Iron 12.33>+0.15 11.73¢x 0.21 12.732+ 0.15 12.872+ 0.15
Sodium 426.67v+7.64 | 416.67<+ 2.89 435.00v+ 5.00 446.672+ 2.89
Magnesium 51.672b+ 2.89 46.67b+ 2.89 55.332b+ 2.89 55.002+ 5.00
Potassium 40.002+ 5.00 33.33b+£ 2.89 41.672+ 2.89 43.332+ 2.89
Copper 0.67b<+ 0.06 0.06¢+ 0.10 0.772b+ 0.06 0.832+£ 0.06
Ca - calcium Fe =Iron Na = Sodium Mg = Magnesium | K- Potassium

Values are means of triplicate assay + standard deviation values on a row with different subscripts are significantly different from each other.

Results of the findings of this study in table 2 shows that the mineral composition of the seeds are higher in seeds
subjected to fermentation. The calcium content of the seeds were significantly differed with values ranging from 188.332
+2.89,186.672 + 2.89, 180.00b + 5.00 and 173.33¢ + 2.89 in fermented seeds, roasted seeds, control samples and boiled
seeds respectively. The value obtained is relatively higher than 38.45mg/100DW reported for wild melon seeds by [27].
The increased in calcium content of fermented seeds was because of hydrolysis of complexes between tannin-protein
and protein-enzymes by the fermenting micro flora. These values are not in agreement with those reported in A. digitata
seeds by [28]. The recommended daily allowance [29] for calcium is 1000mg in adult. Hence, the result of this study
showed that consumption of this seeds would supply adequate amount of calcium needed by the body to play a part in
muscle contraction and relaxation, blood clotting, synaptic transmission and absorption of vitamin B12 in the body.

The iron (Fe) content of the seeds was significantly differed with values ranging from 12.87a+ 0.15,12.732+ 0.15, 12.33b
+0.15and 11.73¢+ 0.21 in fermented seeds, roasted seeds, control samples and boiled seeds respectively. Iron is utilized
in the body for transportation of oxygen to the tissue and melanin formation [30]. The value recorded for iron in this
study indicates that when compared with the recommended daily intake 18mg for iron [31], consumption of the seeds
could not cover the daily requirement. Hence it should be taken in large quantities and could be incorporated with
cereals rich in iron so as to increase the level of iron in diet when consumed. Therefore, iron is essential trace element
in the body for hemoglobin formation, normal functioning of the central nervous system and in oxidation of
carbohydrates, protein and fats [32]. It is also an important element in the diet of pregnant women, nursing mothers,
infants, convulsive patients and elderly to prevent anemia and other related diseases, but prolong consumption result
in liver failure [30]. Hence, the high contents of iron shows that the seeds could help in boosting the blood level in anemic
conditions [33].

The sodium (Na) content of the baobab seeds are significantly differed with values ranging from 4462 + 2.89, 435.00" +
5.00,426.67°+ 7.64 and 416.67¢ £ 2.89 in fermented seeds, roasted seeds, control samples and boiled seeds respectively.
The values obtained in this study is relatively higher than that reported in 3.80mg/100g for African locus bean,
23.15mg/100gDW for Wild melon seeds and 19.6mgDW in Adansonia digitata [34 and 27] respectively. The high value
of sodium in fermented seeds is the most adequate for the normal retention of protein during growth stage. Hence,
sodium enhances blood pressure. The daily dietary allowance of sodium is 200 - 500mg [29]. The results obtained shows
that seed has an appreciable amount of sodium required by human body.

The values of magnesium content of the seeds are significantly differed ranging from 55.002 + 5.00, 53.332b + 2.89,
51.672> + 2.89 and 46.692P+ 2.89 in fermented seeds, roasted seeds, control samples and boiled seeds respectively. These
values are not in agreement with those reported for Schlerocaryabirrea seeds (206.14mg/100g), 210.36mg/100g for
Hasta lapasta seeds and A. digitata seeds by [35]. Magnesium (Mg) is an important mineral element which activates
enzymatic systems responsible for calcium metabolism in bones and in the nerves electrical potential [36]. The
recommended dietary allowance of magnesium for adult was 350mg [29]. Hence, the upper limits of 65mg for children
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ages 1-3 years, 110mg for 4-10years and 350mg for adults are suggested as tolerance limit for the content of soluble
magnesium in foods and drinking water [37]. Magnesium is therefore required in the body for metabolism of
carbohydrates, fat and protein.

The potassium content of the baobab seeds are significantly differed, with values ranging from 43.332 + 2.89, 41.672 +
2.89,40.002 £ 5.00 and 33.33" + 2.89 in fermented seeds, roasted seeds, control samples and boiled seeds respectively.
This is nutritionally relevant considering that potassium plays a principal role in neuromuscular functions. Potassium
deficiency affects the collecting tissues of the kidney, resulting in the inability to concentrate urine and also alterations
of gastric secretion and intestinal motility [38]. The recommended dietary allowance of potassium was ranged from
500mg/day in early infant to 2000mg/day for adulthood [33]. Potassium is also an important element which helps in
maintenance of acid-base balance in the body and normal functioning of nervous system [39].

The copper content of the seeds are significantly differed with values ranging from 0.872 + 0.06, 0.772> + 0.06, 0.67b¢ +
0.06 and 0.60¢ + 0.10 in fermented seeds, roasted seeds, control samples and boiled seeds respectively. The
concentration of copper was lower than 5.10mg/100gDW and 4.74mg/100g for wild melon seeds and Sclerocarya b
irrea seeds reported by [27]. This is of capital importance to indicate that copper have a range of intake over which its
supply is adequate to the body. The recommended dietary allowance of copper was 1.5 to 3.0mg/day for adults and
adolescents. However, beyond this range, deficiency and toxic effects are observed because a high supplementation of
copper had been related with liver damage [40] with decrease in blood hemoglobin concentration and pack cell volume.
The lower value of copper in the seeds makes it safe for consumption.

The highest value of mineral elements was recorded in the fermented seeds. This indicates that fermentation process
especially 6 days has a greater effect on the baobab seeds by increased in the mineral contents and which was found to
be higher than other processing method studied in these findings. The high quality of potassium, magnesium and
calcium and the extra quantity of sodium plus the contents of essential elements iron, manganese, zinc and copper allow
the seeds to be considered as excellent source of bio-elements [41]. Therefore, fermented seeds can be recommended
to be used in the preparation of diets for person with low levels of these mineral elements.

Table 3 The phytochemical and antinutrient analysis of baobab seed.

Samples A B C D

Alkanoid 30.00a + 5.00 26.67ab +2.89 | 30.00a +5.00 20.00b + 5.00
Flavonoids 56.67ab + 2.89 | 48.33b + 7.64 58.33a+2.89 61.67a +2.89
Steroids 15.00a 5.00 16.67a + 2.89 18.33a+2.89 20.00a + 5.00
Tannis 133.33ab +2.89 | 128.33b + 7.64 | 140.0a +5.00 138.33a + 2.89
Saponin 45.00a £ 5.00 38.33ab +5.77 | 35.00b+5.00 | 33.33b+2.89
Protease 0.83a+0.15 0.70ab + 0.10 0.57bc £ 5.00 0.40c £ 0.10
Inhibtors

Value are means of triplicate assay I standard deviation values on a row with different subscripts are significantly different from each other.

Result of the phytochemical and anti-nutrients in table 3 shows that the alkaloids content of the seeds were significantly
differed with values ranging from 30.002 + 5.00, 30.002 + 5.00, 26.672b + 2.89 and 20.00b * 5.00 in control sample, roasted
seeds, boiled seeds and fermented seeds respectively. Alkaloids are the most efficient therapeutically significant plant
substance [42]. [43] reported that alkaloids are effective for its detoxifying and antihypertensive properties. Hence, its
presence in high quality in the seeds makes it a potential source as alkaloids possess a significant pharmacological

property.

The flavonoids content obtained in this study was significantly differed, with values ranging from 61.672 + 2.89, 58.33a
+2.89,56.672b + 2.89 and 48.33" + 7.64 in fermented seeds, roasted seeds, control samples and boiled seeds respectively.
The flavonoids compounds are well known for their good antioxidant activity. [44] reported that it modifies the body's
reaction to allergens, viruses and carcinogens by exhibiting anti-inflammatory and antimicrobial activity.
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The steroids content of the baobab seeds was significantly differed with values ranging from 20.002 + 5.00, 18.332
2.89,16.672 + 2.89 and 15.002 * 5.00 in fermented seeds, roasted seeds, boiled seeds control sample respectively. The
steroidal compounds are of importance in pharmacy because of their relationship with such compounds as sex hormone
[45]. It has reported that flavonoids and steroids are free radical scavengers that prevent oxidative cell damage, and
have strong anticancer activities [46; 47] and thought induce mechanism that affect cancer cells and inhibit tumor
invasion [48]. These activities could be attributed to their ability to neutralize and quench free radicals [47; 46; 49] and
it is also due to their oxidative properties, presence of conjugated ring structures and carboxylic group which are been
reported to inhibit lipid peroxidation [50]. The presence of flavonoids in the seeds, suggest the ability of this by-product
to play an important role in preventing disorders associated with oxidative stress.

The tannins content of the baobab seeds was significantly differed, with values ranging from 140.002 + 5.00, 138.332 +
2.89,133.332b + 2.89 and 128.33P + 7.64 in roasted seeds, fermented seeds, control sample and boiled seeds respectively.
The value obtained was relatively higher than the one reported [51] for Artocarpusheterophyllus seeds
(108mg/100gDW). Tannin acts as anti a nutritional factor by provoking an astringent reaction in the mouth by making
food unpalatable. Tannin is non-toxic and can generate physiological responses in animals that consume them [52].
Tannins are known to be useful for the prevention of cancer as well as treatment of inflamed or ulcerated tissues [53].
Therefore, the presence of tannin in the seeds suggested the ability of the seed to play major roles as antifungal,
antidiarrheal, antioxidant and antihemorrhoidal agents [54].

The saponin content of the baobab seeds was significantly differed with values ranging from 45.002 + 5.00, 38.332b +
5.77,35.00b + 5.00 and 33.33b + 2.89 in control sample, boiled seeds, roasted seeds and fermented seeds respectively.
This values are relatively higher than those recorded in Neocarya macrophylla seed (3.35 + 1.34g/100gDW) and
Sclerocarya birrea seeds (10.510g/100gDW) reported [55]. Saponin exhibits cytoxic effects and growth inhibitions
against a variety of cells, making them have anti-inflammatory and anticancer properties. Saponins are also believed to
react with the cholesterol rich membranes of cancer cells, thereby limiting their growth and viability [56]. [57] also
reported that it had anti-hypercholesterol, anti-inflammatory, cardiac depressant properties, and appears to inhibit
cancer cells without destroying the normal cells. Thus, phytochemicals have been considered a crucial nutritional
component without official recommendations of how much is to be taken with ability to prevent chronic diseases such
as cancer, cardiovascular diseases, diabetes and ageing [58]. The protease inhibitor of the baobab seeds was
significantly differed with values ranging from 0.832+ 0.15, 0.702> + 0.10, 0.57b< + 0.06 and 0.40¢ + 0.10 in control sample,
boiled seeds, roasted seeds and fermented seeds respectively. The low values of protease inhibitor in the seeds suggest
that the seed is safe to consume.

4., Conclusion

Baobab (Adansonia digitata) seeds have been recognized as a high yielding, draught resistant and all season plants
which give it an advantage over other seasonal crops. Baobab seeds have a nutritional and medicinal value and it may
be useful as a dietary supplement to be sprinkled over food as a dry powder and as a food additives or could be
incorporated into many traditional dishes to improve the quality of diets of infants and children. Baobab seeds can be
eaten fresh, or may be dried and ground into flour which can either be added to soups and stews as a thickener, or
roasted and ground into a paste or boiled for a long time, fermented and then dried for use. The baobab seeds are under-
utilized seeds as a result of poor understanding of their nutritional, dietary supplementation and economic values as
well as anti-nutritional factors. The Adansonia digitata seeds have recorded high mineral elements composition, thus, it
can be recommended in the preparation of diets of people with low-level of these mineral elements.

From the result of the analysis, it can be shown that the advantages of the effects of fermentation appear greater than
those of the other processing methods studied in these findings. The nutrient density, shelf life, flavors and aroma of
baobab flours were enhanced by fermentation. The crude lipid is relatively high which suggests as a potential source of
food oils but should be consumed with caution so as to avoid obesity and other related diseases. The low moisture
contents of the seeds would hinder the growth of microorganisms and promote longer shelf life of the seeds. The lower
the moisture content of a given food, the higher are the nutrients and its keeping quality. This study also revealed the
presence of various medically important phytochemicals in baobab seeds. Phytochemicals are plant compounds that
are under research with unestablished effects on health and not scientifically defined as essential nutrients.

The effect of the processing methods reduces the anti-nutrient factors in the seeds, thus, makes the baobab seeds a safe
food to consume. Anti-nutrients are substances to which we are exposed to through food and water, which reduces food
nutrients needed for good health [59]. The Adansonia digitata seeds are rich reservoirs of free radical scavenging
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molecules such as alkaloids, tannins, flavonoids and other metabolites which are basically rich in antioxidant and
anticancer activities. It has been established that only high content of anti-nutrients prevent the absorption of mineral
like iron, magnesium, potassium and calcium which are essential for metabolism in the body. Reduction of anti-nutrients
is necessary especially when their levels are higher than those generally regarded as safe for human consumption.

However, the baobab seeds are a proteinous food with large quantity of mineral elements, high level of phytochemicals
and trace amount of anti-nutrients. Therefore their utilization should be strongly recommended.

5. Recommendations

Considering the result of the analysis, the baobab seeds could be recommended in the preparation of diets for people
with low level of mineral elements and can be incorporated as dietary supplements in weaning foods to improve the
quality of diets of infants and children. Whenever baobab seeds are to be processed into flours, the fermentation method
should be used because:

e Itwas found to be the most suitable method to be used as it increases the minerals content of the seeds.
e Itreduces the moisture level of the seeds thereby promoting longer shelf life of the seeds
e Italso saves time and requires non-expensive equipment.
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