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Abstract: The nutritional value of diets is enhanced by traditional oilseeds, fruits and vegetables. They add taste and flavour
to the food, improve palatability and help to balance protein, vitamin and mineral intakes. Seeds and kernels are good sources
of protein and energy, valuable supplements in children's diets and also useful in preparing snack foods. Adansonia digitata
and Sclerocarya birrea fruits are widely distributed throughout Sub-Saharan Africa. These oilseeds are commonly eaten in
rural areas of Mozambique as snacks or in food preparation. They show to contain high amounts of several minerals, for
example iron, magnesium and zinc. However, they have been shown to contain anti-nutrient such as phytic acid, which may
decrease the absorption of minerals from the diet, especially zinc and iron, and to a lesser extent, calcium and magnesium. In
this study it was analysed the content of phytic acid in kernels of Adansonia digitata and Sclerocarya birrea using high-
performance ion chromatography after enzyme (phytase) treatment and incubation with Lactobacillus plantarum. The results
show that the amount of phytic acid in both kernels can be reduced from 4.4 g/100 g to 1.6 g/100 g by various processing
techniques such as heating or autoclaving followed by incubation with Lactobacillus plantarum or by enzyme (phytase)
treatment. The content of phytic acid was lower after autoclaving than after boiling. Treatment with phytase reduced 20 to 30%
of phytic acid content by after 15 minutes treatment. The means of the mineral content are presented in dry matter; Fe (5.0
mg/100 g), Mg (666 mg/100 g) and Zn (5.5 mg /100 g) in Adansonia digitata kernels and in Sclerocarya birrea 4.0 mg /100 g,
391 mg /100 g and 4.5 m/100 g respectively for Fe, Mg and Zn. Around half the content of these minerals in the kernels was
found in the supernatant after 15 minutes’ enzyme treatment.
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prepared by roasting the kernels followed by grinding into
powder. The powder is used as protein concentrates in
several spiced sauces such as tomato [5]. The kernels from
the Sclerocarya birrea fruit (S. birrea) are very tasty and
widely eaten. They are removed from the hard shell dried and
eaten alone, or cooked and eaten together with a mixture of
dried peanut extract, red pepper, salt and other spices in the
form of a “meat bundle” [6].

According to Magaia et al. [7], kernels of A. digitata and S.
birrea have shown high content of several minerals, such as,
iron, magnesium and zinc, as reported in several studies, ex:

1. Introduction

Kernels from wild fruits are commonly eaten in rural areas
of Mozambique. They provide essential nutrients to the diet
and are available in the dry season when other foods are
scarce [1, 2]. The oilseeds from the Adansonia digitata (A.
digitata) fruit are commonly eaten fresh, roasted, or dried
and ground into flour which can be added to soups and stews
as a thickener. The roasted and ground kernels can be
processed into a paste, or boiled for long, fermented and then
dried, for of use in several preparations [3, 4]. Kernel sauce is



World Journal of Food Science and Technology 2021; 5(4): 106-111 107

[8-11]. Nonetheless, these kernels have shown to contain
phytic acid (refer to Table 3), which is considered to decrease
the absorption of minerals from the diet [12]. Phytic acid,
also known as inositol hexaphosphate, has six PO, groups
and is a strong chelator to divalent ions, especially zinc and
iron and to a lesser extent, calcium and magnesium [13], and
as the main storage form of phosphorus in many plant tissues,
especially bran and seeds [14].

Removal of phosphate groups from the inositol ring
decreases the mineral binding strength of phytic acid and
thus improves the nutritional value [15]. Domestic food
preparation techniques, such as boiling, can reduce the phytic
acid content to some extent, but soaking in an acid medium,
lactic acid fermentation, sprouting, and the use of enzymes
(phytase) are more effective methods of reducing phytic acid
[16, 17]. Fermentation, either spontaneous or with a starter
culture, is a simple and efficient procedure of reducing the
phytic acid content in foods. At suitable pH (4.8 to 5.6)
native plant phytase is activated, which removes phosphate
groups from the phytic acid [18]. Microbial phytase can be
produced by Lactobacillus bacteria at the optimal pH is 5 to
6 [16, 19]. Lactobacillus strains have been reported to
produce extracellular phytase [20].

Results from preliminary experiments (data not shown)
indicated that the content of phytic acid was about 5.5% in
kernels of 4. digitata and 3.4% in S. birrea kernels. This
prompted us to study how the content of phytic acid in
kernels of A. digitata and S. birrea could be influenced by
heating, fermentation with Lactobacillus bacteria or
incubation with enzyme phytase. Furthermore, we
determined the content of some minerals in the water
solution after the enzyme treatment.

2. Materials and Methods
2.1. Samples

Kernels from two wild fruit species were studied:
Adansonia digitata (Family of Bombacaceae, local name
n’buvu or malambe), and Sclerocarya birrea (Family of
Anacardiaceae, local name n’canhi). The kernels, were sub-
samples from another study [21]. The hard shell of the
Adansonia digitata fruit was removed by crushing, and the
kernels were collected, vacuum-packed in different batches
and stored at -18°C. Before analysis, Adansonia digitata
kernels were milled in a coffee grinder (TEFAL, Type 8100,
PreP’Line, China) and sieved (500 pm mesh). The
Sclerocarya birrea kernels were removed from the hard shell
also by crushing, and grounded with a mortar and pestle.

2.2. Chemicals

All chemicals were of analytical grade and de-ionised
water was used for all experiments. Hydrochloric acid and
Fe(NO;);'9H,0 were obtained from Fluka (Sigma-Aldrich,
Steinheim, Germany) and sodium phytate from BDH
Chemicals Ltd (UK). Wheat phytase (0.01-0.004 units/mg)
was obtained from Sigma Chemical Co. (Stockholm,

Sweden). For the experiments with Lactobacillus bacteria,
the chemicals were obtained from Merck (Darmstadt,
Germany), Sigma-Aldrich Co. (Steinheim, Germany), and
VWR-International (Stockholm, Sweden), and Lactobacillus
plantarum 299v (DSM 9843, Probi AB, Lund, Sweden).

2.3. Processing

The samples of kernels of Adansonia digitata and
Sclerocarya birrea were subjected to heating until boiling
and autoclaving followed by fermentation with Lactobacillus
bacteria and other samples by incubation with phytase and
without pre-treatment.

2.3.1. Lactobacillus Plantarum Preparation

One capsule of Lactobacillus plantarum 299v was
suspended in sterile MRS medium and incubated for 24
hours at 37°C. The cells were washed 3 times with small
portions of 0.9% (w/v) NaCl and centrifuged at 4000 rpm for
10 min. Lactobacillus plantarum cells were suspended in 50
ml 0.9% (w/v) NaCl and subjected to serial dilution. From
each dilution tube 0.1 ml was plated onto MRS plate count
agar. After incubation for 48 hours at 37°C, the number of
colonies was counted to evaluate the cell level in the
undiluted suspension; the result being 12 x 10 colony-
forming units (CFU) per ml.

2.3.2. Heating

Approximately 1 g sample of each processed kernels (4.
digitata and S. birrea) was taken in the glass, added 5 ml
distilled water thoroughly homogenized for pH measurement
then boiled for 15 minutes to inactivate possible intrinsic
phytase, cooled down at temperature 25°C. 1 ml bacteria
solution (12 x 10° CFU/ml) was inoculated in the samples
and fermented for 48 hours at 37°C, and at the end of
fermentation the pH was measured in the sample to see the
complete lactic fermentation.

2.3.3. Autoclaving

Approximately 1g sample of each grounded kernels (4.
digitata and S. birrea) was taken in the glass, added 5 ml
distilled water thoroughly homogenized for pH measurement.
The homogenized solutions were autoclaved for 15 minutes
also to inactivate possible intrinsic phytase, cooled down at
temperature 25°C, then were inoculated with 1 ml bacteria
solution (12 x 10* CFU/ml), fermented for 48 hours at 37°C
and measured the pH to control complete fermentation. Both
samples (heated and autoclaved) were freeze-dried and stored
at -18°C until for phytic acid analysis.

2.3.4. Enzyme Treatment

On these series of experiments, a stock solution of wheat
phytase (10 mg/ml) was prepared. For each processed kernels
(A. digitata and S. birrea), were prepared glasses and 1g of
sample were suspended in 9 ml of pure water and the pH
adjusted to 5 (optimal pH for phytase). Then 1 ml of wheat
phytase solution (10mg/ml) was added to each glass and
incubated in a water bath at 55°C under magnetic stirring for
2,15, 30, 60 and 240 minutes.
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In addition to see the effect of wheat phytase in the samples,
was prepared the concentration of 50 mg/ml of wheat phytase
solution. The same amount of samples (1 g of 4. digitata and S.
birrea) were taken, mixed in 5 ml of pure water in glasses and
5 ml of the wheat phytase solution added, the pH adjusted to
optimal for phytase and incubated only for 60 minutes
according to the conditions above. All samples, after
incubation, were removed from the water bath and
immediately boiled for 5 minutes to inactivate the enzyme. As
control, samples without phytase were boiled for 5 minutes.
Then, the samples (4. digitata and S. birrea) cooled at room
temperature, were separated in two groups. One group of each
samples were freeze-dried and stored at -18°C until phytic acid
analysis. The other samples were centrifuged at 18000 rpm for
20 minutes. The supernatants were collected and determination
of the mineral content performed.

2.4. Dry Mater Analysis

The dry matter content was determined after drying 2 g of
each sample in an oven at 105°C until constant weight [22].

2.4.1. Phytic Acid Analysis

Phytic acid was analysed as inositol hexaphosphate [23], in
Laboratory of Food Science, Chalmers University of
Technology, Goteborg-Sweden. Samples were extracted with 20
ml 0.5 M HCI for 3 hours at 20°C under magnetic stirring. The
extracts were frozen overnight, thawed and centrifuged at 12000
rpm for 10 minutes, and an aliquot (300 pl) of the supernatant
was injected into a high-performance ion chromatography
(HPIC) instrument (Waters Associates Inc, Milford, MA)
equipped with a guard-column (PA-100, 4 x 50 mm i.d., Dionex
Corp., Sunnyvale, CA, USA) and an analytical column (HPIC
OmmiPac PA-100, 4 x 250 mm i.d.). The column was eluted
isocratically with 80% HCIl (1 M) and 20% water. Inositol
hexaphosphate was identified and quantified after post-column
reaction with Fe(NO;);'9H,0O, and the absorbance was
monitored at 290 nm (Waters 486, tuneable absorbance detector).
Sodium phytate was used as an external standard.

2.4.2. Mineral Analysis

The mineral content in the supernatant was determined after
the addition of 65% nitric acid, corresponding to 1% of the
sample volume. The samples were filtered and an aliquot was
analysed using inductively coupled plasma-atomic emission
spectrometry (ICP-AES, Perkin Elmer, OPTIMA 3000 DV).

2.5. Statistical Analysis

Microsoft® Excel was used for statistical evaluation.
Student’s t-test was performed to determine significant
differences. A value of p<0.05 was considered to indicate
statistical significance.

3. Results and Discussion

During the sample preparation, the pH was controlled
before addition of bacteria solution (12 x 10® CFU/ml) and
after the 48 hours’ fermentation at 37°C. At the beginning,

the variation of pH in the samples was 6.5 — 7 and after
fermentation, the pH had decreased to 4 and 5.

For determination of phytic acid was analysed as inositol
hexaphosphate, the calibration curve was linear for the
concentration range 0.1 to 0.6 umol used in the analysis.

3.1. Boiled and Autoclaved Samples

The results of the determinations of phytic acid content in
the series of experiments with boiling and autoclaving
followed by addition of Lactobacillus and fermentation, are
given in Table 1. The content of phytic acid on the samples of
A. digitata and S. birrea are lower after autoclaving than after
boiling.

Table 1. Phytic acid in A. digitata and S. birrea kernels pre-treated by
boiling or autoclaving for 15 minures before incubation with L. plantarum
for 48 hours at 37°C.

Addition of L. Phytic acid (g/100 g dry matter)

Sample

plantarum A. digitata S. birrea
Boiled No 4.4+0.6 2.240.1
Boiled Yes 4.240.0 1.9+£0.2
Autoclaved No 3.6+0.1 1.8+£0.0
Autoclaved Yes 3.3+0.0 1.6+0.0

The reduction of the amount of phytic acid after
fermentation was significant for the autoclaved samples, but
not for the boiled samples. Based on the analyses of phytic
acid conducted using HPIC, the results of the present study
for boiled A. digitata kernels (3.6 — 4.4 g/100 g) generally
agree with the results reported from other studies using other
methods (Table 3). The findings of this study are, however,
lower than results from previous studies [24, 25], and higher
than in others developed studies [26-29]. In addition, there is
one report showing markedly lower values of phytic acid
[30]. The results regarding the amounts of phytic acid in
boiled S. birrea kernels (1.8 — 2.2 g/100 g) are around five
times higher than that found in another study [31].

The addition of L. plantarum bacteria had a significant
effect on the phytic acid content in the kernels, which had
been autoclaved before incubation.

3.2. Enzyme Treatment

The Table 2 gives the amount of phytic acid in the kernels
after treatment with wheat phytase for different times.

Table 2. Phytic acid content in A. digitata and S. birrea kernels incubated at
55°C with phytase for different times and then boiled for 5 minutes.

Phytase (mg/g Incubation A. digitata S. birrea
sample) time (min) Phytic acid (g/100 g dry matter)
0 0 4.0+0.1 2.4+0.2

10 2 3.9+0.2 1.9+0.3

10 15 2.9+0.7 2.040.1

10 30 3.240.4 2.1+0.3

10 60 3.3£0.0 2.3+0.2

10 240 2.5+0.2 1.0£0.1

50 60’ 1.9+0.1 0.8+0.2
'50mg/ml of phytase

For A. digitata kernels, the phytic acid content after 2
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minutes’ incubation was only somewhat lower than in the
untreated kernels, but a slight decrease was observed after 15
minutes. This value was maintained up to 60 minutes.
However, after 4 hours’ incubation, the content had decreased
to around 63% of the original value, and this decrease was
significant. Similar results were obtained for S. birrea kernels,
and after 4 hours’ incubation the phytic acid content was only
about 42% of the original value; this decrease was significant.

109

The lowest phytic acid contents were seen after 60 minutes’
incubation with a 5-fold higher enzyme concentration, when
the value decreased significantly to 48% and 33% of the
initial value in 4. digitata and S. birrea kernels, respectively.

Few data are available in the literature on phytic acid in
the kernels studied, and are summarized in Table 3. It has not
found any data of phytic acid in these kernels from
Mozambique.

Table 3. Literature data on the phytic acid content of the seeds of A. digitata and kernels of S. birrea.

Phytic acid (%) Based on Reference

A. digitata

6.66 and 7.13 = Adubiaro et al., 2011
4.903* DW? Mitchikpe et al., 2008
1.75 and 0.62 - Saulawa et al., 2014
1.40%* - Proll et al., 1998

1.20 - Ezeagu, 2005

0.20 - Nkafamiya et al., 2007
0.0730* FW? Osman, 2004

0.18 and 0.16* - Nnam and Obiakor, 2003
S. birrea

0.423* DW Muhammad et al., 2011

*=recalculated
""=not given; “DW=dry weight. *(FW=fresh weight; ‘=units not stated.

From the Table 2, during soaking or enzyme incubation of
the samples of A. digitata and S. birrea, phytic acid is
transferred to the surrounding liquid. The addition of phytase
to the medium reduced the phytic acid content in the
supernatants by 40-60% after 4 hours’ treatment, but a five-
fold higher enzyme concentration was more efficient.

Results from a previous study showed that the phytic acid
content in A. digitata kernel flour decreased by 65.57% after
boiling for 1 hour, and changing the water at 20 minutes’

intervals [29]. This also suggests that the ratio of solid to
liquid is an important factor for the reduction of phytic acid
in the kernels. Furthermore, this indicates that boiling for
prolonged period may decrease the phytic acid content.
Changing the water may reduce the content of important
minerals, as can be observed that the amounts of iron,
magnesium and zinc (Table 4) in the supernatant increased
after enzyme incubation (wheat phytase). This would
probably also be the case in boiling.

Table 4. Contents of iron, magnesium and zinc in the supernatant from A. digitata and S. birrea kernels incubated at 55°C with or without phytase for different

times.

Phytase L. . Fe Mg Zn
(i ) Incubation time (min)/Sample A )
A. digitata 4.0-6.0° 626-706" 5.2-5.7°
0 0 0.9+0.09 109+5.51 4.5+0.04
10 2 4.440.14 329+5.65 1.3+0.00
10 15 3.0+£0.28 404+23.9 1.1+0.08
10 30 2.6+0.16 373+21.9 0.9+0.00
10 60 2.1£0.12 359+17.1 1.2+0.01
10 240 2.1£0.08 409+£24.6 1.4+0.00
S. birrea 4.0" 346 - 436" 4.5
0 0 0.2+0.03 49+0.03 0.7+0.00
10 2 2.340.10 299+20.2 2.6+0.00
10 15 2.4+0.11 289+17.3 2.8+0.02
10 30 2.4+0.09 311£20.0 2.7+0.01
10 60 2.1+0.09 310+16.2 2.240.02
10 240 2.1£0.11 344+21.8 2.4+0.02

"Results from a previous study on mineral content in the kernels (Magaia et al., 2013).

As shown on Table 4, almost 50% of the original mineral
content can be found in the supernatant after only a few
minutes’ enzyme incubation, apart from zinc in 4. digitata
(20%). The results show that the amount of minerals in the
supernatant was higher than in the samples not incubated,
apart from zinc for the 4. digitata sample. The time for

enzyme incubation did not seem to have a major influence on
the mineral content, although there was a tendency for the
longest incubation time to result in an increase in the
concentration of magnesium in the supernatants from both
kernels.
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4. Conclusion

The data of this study will make a substantial contribution
to the knowledge concerning phytic acid content in kernels
from these two wild fruits. The results show that the presence
of phytic acid in the kernels can be reduced by various
processing techniques such as boiling, autoclaving followed
by incubation with Lactobacillus plantarum or by enzyme
(phytase) treatment. The fermentation with bacteria shown
significant effect on the phytic acid content in the autoclaved
kernels. Enzyme incubation reduced the phytic acid content
by 20-30% after 15 minutes, and a higher enzyme
concentration was found to be more efficient. Almost 50% of
the estimated original content of minerals were found in the
supernatant after a few minutes’ enzyme incubation. This
suggests that the water used for boiling should be included in
the dishes if the kernels are to be used as a dietary
supplement. From the present study, it was observed a weak
relation between the content of phytic acid and minerals in
the supernatant of the enzyme-treated samples, although the
incubation time had no significant effect on the mineral
content. One explanation of this could be that part of the
enzyme was bound to the kernel matrix, reducing the effect.
Future experiments should include different ratios of solids to
liquid and different enzyme concentrations Studies need to be
conducted to ascertain the reduction of phytic acid by
soaking and cooking form more time and also studies to
evaluate the level of other antinutrients in Adansonia digiata
and sclerocaya birrea kernels.

Acknowledgements

This study was financially supported by the Swedish
International Development Agency, contribution N. 5114001,
Project #3 “Technology Processing of Natural Resources for
Sustainable Development” at Eduardo Mondlane University,
Maputo, Mozambique. We would like to thank Professors
Kerstin Skog, Department of Food Technology, Engineering
and Nutrition and Estera Dey, Division of Pure and Applied
Biochemistry of Lund University, Mrs Serafina Vilanculos
and Mrs Annette Almgren at the Department of Food Science,
Chalmers University of Technology, Gothenburg, Sweden for
excellent technical assistance.

References

[1] Jama, B. A, Mohamed, A. M., Mulatya J., and Njui, A. N.
(2008) Comparing the “Big Five”: A framework for the
sustainable management of indigenous fruit trees in the
drylands of East and Central Africa. Ecol. Indic. 8: 170-179.

[2] Mangue, P. D. and Oreste M. N. (1999) Country brief on non-
wood forest products statistics- Mozambique. Data collection
and analysis for sustainable forest management in ACP
countries-Linking National and International EC-FAO
Partnership programme (1998-2000). Tropical forestry budget
line B7-6201/97-15/VIIl/Fot project GCP/INT/679/EC,
Mozambique. http://www.fao.org/3/a-x6693e.pdf.

(3]

(4]

(3]

(6]

(7]

(8]

(9]

[10]

[13]

[14]

[16]

De Caluwé, E, De Smedt, S., Assogbadjo, A. E., Samson, R.,
Sinsin, B and Van Damme, P. (2009) Ethnic differences in use
value and use patterns of baobab (4dansonia digitata L.) in
northern Benin. AfirJ Ecol 47: 433-440.

Nnam, N. M and Obiakor, P. N. (2003). Effect of fermentation
on the nutrient and antinutrient composition of baobab
(Adansonia digitata) seeds and rice (Oryza sativa) grains.
Ecol Food Nutr. 42: 265-277.

Chadare, F. J., Linnemann, A. R., Hounhouigan, J. D., Nout,
M. J. R and Van Boekel, M. A. J. S. (2009). Baobab Food
Products: A review on their composition and nutritional value.
Crit Rev Food Sci Nutr 49: 254-274.

Glew, R. H., VanderJagt, D. J., Lockett, C., Grivetti, L. E.,
Smith, G. C and Pastuszyn A, Millson M. (1997). Amino acid,
fatty acid, and mineral composition of 24 indigenous plants of
Burkina Faso J. Food Compos. Anal. 10: 205-217.

Magaia, T., Uamusse, A., Sj holm, I and Skog, K. (2013).
Dietary fiber, organic acids and minerals in selected wild
edible fruits of Mozambique. SpringerPlus 2: 88.

Emmanuel, T. V., Njoka, J. T., Catherine, L. W and Lyaruu, H.
M. (2011). Nutritive and anti-nutritive qualities of mostly
prefereed edible woody plants in selected drylands of Iring
District, Tanzania. Pak J Nutr. 10 (8): 786-791.

Fyfe S, Smyth HE, Schirra HJ, Rychlik M and Sultanbawa Y
(2020) The Nutritional Potential of the Native Australian
Green Plum (Buchanania obovata) Compared to Other
Anacardiaceae Fruit and Nuts. Front. Nutr. 7: 600215. doi:
10.3389/fhut.2020.600215.

Muthai, K. U., Karori, M. S., Muchugi, A., Indieka, A. S.,
Dembele, C., Mng’omba, S. and Jamndass, R. (2017).
Nutritional variation in baobab (4Adansonia digitata L.) fruit
pulp and seeds based on Africa geographical regions. Food
Sci Nutr. 5: 1116-1129. DOI: 10.1002/fsn3.502.

Wairagu, N. W., Kiptoo, J and Githiomi, J. K. (2013).
Nutritional assessment of Sclerocarya birrea (Amarula) fruit
from Kenya Int. J. Curr. Res. 5 (5): 1074-1078.

Hendek Ertop, M and Bektag, M. (2018). Enhancement of
Bioavailable Micronutrients and Reduction of Antinutrients in
Foods with Some Processes. Food and Health, 4 (3): 159-165.
DOI: 10.3153/FH18016.

Castro-Alba, V., Lazarte, C. E., Bergenstahl, B and Granfeldt,
Y. (2019). Phytate, iron, zinc, and calcium content of common
Bolivian foods and their estimated mineral bioavailability.
Food Sci. Nutr. 7, 2854-2865.

Anastasio, M., Pepe., O, Cirillo. T., Palomba, S., Blaiotta, G
and Villani, F. (2010). Selection and use of phytate-degrading
LAB to improve cereal-based products by mineral
solubilization during dough fermentation. J. Food Sci. 75 (1):
M28-M35.

Milanovi¢ V, Osimani A, Garofalo C, Belleggia L, Maoloni A,
Cardinali F, et al. (2020) Selection of cereal-sourced lactic
acid bacteria as candidate starters for the baking industry.
PLoS One 15 (7): €0236190. https://doi.org/10.1371/
journal.pone.0236190.

Ertop, M. H., Bektas, M. and Atasoy, R. (2020). Effect of
cereals milling on the contents of phytic acid and digestibility
of minerals and protein. Ukr. Food J. 9 (1): 136-147.



[17]

[18]

[19]

[20]

[21]

[22]

World Journal of Food Science and Technology 2021; 5(4): 106-111

Liang, J., Han, B-Z., Nout, M. J. R and Hamer, R. J. (2008).
Effects of soaking, germination and fermentation on phytic
acid, total and in vitro soluble zinc in brown rice. Food Chem.
110: 821-828.

Reale, A., Konietzny, U., Coppola, R., Sorrentino, E and
Greiner, R. (2007). The importance of lactic acid bacteria for
phytate degradation during cereal dough fermentation. J.
Agric. Food Chem. 55:2993-2997.

Sandberg, A. S and Svanberg, U. (1991). Phytate hydrolysis
by phytase in cereals; effects on in vitro estimation of iron
availability J. Food Sci. 56 (5): 1330-1333.

Dogan, M. and Tekiner 1. H. (2020). Extracellular phytase
activites of lactic acid bakteria in sourdough mix prepared
from traditionally produced Boza as starter culture. Food and
Health. 6 (2): 117-127. https://doi.org/10.3153/FH20013.

Magaia, T. L. J and Skog, K. (2017). Composition of amino
acids, fatty acids and dietary fibre monomers in kernels of
Adansonia digitata and Sclerocarya birrea, In Afi. J. Food
Agric. Nutr. Dev. 17 (3): 12441-12454.

AOAC, Association of Official Analytical Chemists. (2005).
Official. Methods of Analysis of the Association of analytical
Chemists International, 18th ed. Gathersburg, MD, U.S.A
Official methods.

Carlsson, N-G., Bergman, E-L., Skoglund, E., Hasselblad, K
and Sandberg, A-S. (2001). Rapid analysis of inositol
phosphates. J. Agric. Food Chem. 49: 1695-1701.

Adubiaro, H. O., Olaofe, O., Akintayo, E. T and Babalola, O.
O. (2011) Chemical composition, calcium, zinc and phytate
interrelationships in baobab (Adansonia digitata) seed flour.
Adv J Food Sci Technol 3 (4): 228-232.

[25]

[26]

[27]

(28]

[29]

[30]

[31]

111

Mitchikpe, E. C. S., Dossa, R. A. M., Ategbo, E-A. D., Van
Raaij, J. M. A., Hulshof, P. J. M and Kok, F. J. (2008). The
supply of bioavailable iron and zinc may be affected by phytate
in Beninese children. J. Food Compos. Anal. 21: 17-25.

Ezeagu, 1. E. (2005). Baobab (Adansonia digitata L.) Seed
protein utilization in young albino rats. Biochemical
ingredients and performance characteristics. Anim Res Int. 2
(1): 240-245.

Nkafamiya, L. I., Osemeahon, S. A., Dahiru, D and Umaru, H.
A. (2007). Studies on the chemical composition and
physicochemical properties of the seeds of baobab (Adansonia
digitata). Afi. J. Biotechnol. 6 (6): 756-759.

Proll, J., Petzke, K. J., Ezeagu, 1. E and Metges, C. C. (1998).
Low nutritional quality of unconventional tropical crop seeds
in rats - Nutrient requirements and interactions. J. Nutr. 128:
2014-2022.

Saulawa, L., AYaradua, A. I and Shuaibu, L. (2014). Effect of
different processing methods on proximate, mineral and anti-
nutritional factors content of baobab (Adansonia digitata)
seeds. Pak J Nutr. 13 (6): 314-318.

Osman, M. A. (2004). Chemical and nutrient analysis of
baobab (Adansonia digitata) fruit and seed protein solubility.
Plant Foods Hum. Nutr. 59: 29-33.

Muhammad, S., Hassan, L. G., Dangoggo, S. M., Hassan, S.,
Umar, K. J and Aliyu, R. U. (2011). Nutritional and
antinutritional composition of Sclerocarya birrea seed kernel
Studia Universitatis “Vasile Goldis”, Seria Stiintele Vietii 21
(4): 693-699.



