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Abstract

The effects of fermentation on proximate and anti-nutrient compositions of Afzelia africana
seed were investigated. Two methods of fermentation were employed, the traditional
fermentation (TF) and gutiltrate treated fermentation (GFTF). Anti-nutrients tested for
were; alkaloids, phytate, tannins, saponins and flavonoids. All proximate contents varied
significantly (P<0.05), except for ash. Afzelia africana fermented with cow gut filtrate
poised the highest protein (19.35%), ash (4.20%) and lipid (32.13%) contents. The effects of
cow gut filtrate fermentation on the nutritional status of A. Africana seed was only apparently
(P>0.05) more pronounced than those of the natural fermentation. Fermentation
significantly (P<0.05) increased the proximate nutrients except for nitrogen free extracts,
which it reduced significantly. Fermentation also increased all anti-nutrients composition of
the seeds except for phytate content. Fermentation significantly (P<0.05) enhanced crude
protein by 30.45% for NF, 39.31% for GFTF and crude lipid by 77.64% for TF and 99.56%
for GTFT. Thus fermenting Afzelia africana seed for aquaculture purpose is advocated for
owing to its ability to enhance crude protein and crude lipid, not forgetting its medicinal
potential due to its enhanced phytochemical levels.

Keywords: Afzelia africana, Anti-nutrients, Fermentation, Proximate composition.

Introduction protein diet in highly popufated region of
Afzelia africana Sm. befongs to the famify  the worfd (Ukhun and Ifehigh, 1988). Most
Leguminosae and sub-family of the edible fegumes which could serve as

Caesalpinaceae (Keay et al., 1964 in: sources of protein are however under-
Ejikeme et al., 2010). It is called kawo, apa, utilized (Oshodi, 1992), and contain
akpafata and gayoki by the Hausa, Yoruba, numerous toxic constituents of great
Igbo and Fufani speaking areas of Nigeria, variety. While some of these pfants contain
respectively. The seeds have waxy orange fethal toxins in high concentration and are

cup-flike structure at their base and are used unfit for consumption, others contain
in Nigeria generalfy as soup thickening mildfy toxic components in fow doses and
ingredient in much the same way as mefon are benign (Macrae, 1993).

and Irvingia gabonensis seeds (Ejikeme et Food fermentation that raises the protein
al., 2010). The plant is ako used in focal  content or improve the batance of essential
medicine for general pain refief and amino acids or their availabifity witlhave a
digestive probfems (Adebayo and Ojo, direct curative effect. Similardy,
2013). fermentation processes that increase the
Protein—energy mafnutrition is among the content or availabifity of vitamins such as
most serious problem tropical devefoping  thiamine, riboffavin, niacin or folic acid can
countries are facing. Legumes are  haveprofound direct effects on the heafth of
increasingly being used as potential  the consumers of such foods (Steinkraus,
softion to this probfem and that of fow  2002). Fermented foods generally have
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very good safety records even in the
developing world where the foods are
manufactured by peopfe without training in
microbiology or chemistry in unhygienic,
contaminated environments (Steinkraus,
1997). In view of the overafl nutrient and
chemical composition, Afzelia africana
seeds may be adopted as an inexpensive
afternative protein source to alleviate
protein mafhutrition among traditional
people fiving in developing countries. The
aim of this study was therefore to assess the
effect of two methods of fermentation on
selected nutrient or nutrient-fimiting
chemical constituents of Afzelia africana
seed.

Materials and methods

Sample preparation

The leaves and seeds of Afzelia africana
were taken to the Herbarium in the
Department of Botany, Ahmadu Bello
University, Zaria, Nigeria, for
identification. The seeds were air-dried,
divided into three portions and put into
separate pofyethene bags. Two of the
portions were fermented. Two methods of
fermentation were employed; the
traditional fermentation (TF) and gut-
filtrate treated fermentation (GFTF). For
the TF, 10kg of the seed was ground into
granufes and wet with water (1fite of water
to 10kg seed) and bagged in dupficate packs
of Skg inside white cellophane paper. They
were then packed inside two different black
pofythene bags, tightly tied to exclude air
for five days at room temperature to
facifitate anaerobic fermentation. After
which the fermented seeds were sun-dried
for three days before milling (Apata et al.,
1999). The GFTF folfowed a simifar
treatment as the TF.

One was fermented naturally and the other
with cow gut-filtrate. The three samples
were transported to the Food Science
Laboratory, Institute of Agricuftural
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Research, Zaria, Nigeria, for anafyses. The
seeds were grounded to powdered flour
before analysis.

Proximate analysis of Afzelia africana
seed

Proximate analysis of Afzelia africana seed
was determined in triplicates using
recommended methods (AOAC, 2000).
Sampfes were analysed for crude protein by
the micro-Kjetdah{ method of determining
nitrogen and cafcufated as N x 6.25.
Moisture content was determined by drying
to a constant weight, crude fipid was
determined as extracted ether using
petroeum spirit or N-hexane within the
soxhfet apparatus, crude fibre and ash
contents were determined by incinerating
dry sampfes in a Mufffe furnace set at
550°C. Carbohydrate was calcufated as
nitrogen free extracts by difference [100 —
(% crude protein + % fipid + % moisture +
% crude fibre)].

Determination of anti-nutrients of Afzelia
africana seeds

Alkafoids, Phytate, Tannins, Saponins and
Flavonoids contents were determined using
recommended methods of the Association
of Official Anafytical Chemist procedures
(AOAC, 1990).

Determination of alkaloids

Two grams of the sampfe was weighed into
a 250mL beaker and 100mL of 10% acetic
acid in ethanol was added, covered and
allowed to stand for 4hrs. This was then
fitered and fifirate was concentrated on a
water bath to one quarter of the original
vofume. The entire/whofe sofution was
allowed to settle. The precipitate was
collected and washed with dilute
ammonium hydroxide and then fiftered.
The residue was dried and weighed to show
the afkafoid content as described by
Harbone (1973).

Determination of phytate content

Phytic acid was determined using the
method described by Wheefer and Ferrel
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(1971). 4g of the sampfe was soaked in
100m€of2% HCLfor 3 hrs and then fittered.
25m/ filtrate was dispensed into a conical
flask and 5Sm{ of 0.3m{ ammonium
thiocyanate sofution was added as
indicator. Thereafter, 53.5m{distilled water
was added to the mixture to give it a proper
acidity and this was titrated with standard
iron III chloride sofution, which contains
about 0.00195 g (1.95g) of iron per
millimeter untifa brownish colour persisted
for 5 min.

Determination of tannins

Two grams of the sampfe was poured into a
beaker containing 50mL of distitled water
and heated to 60°C. Then it was filtered and
the residue was discarded. 10mL of 4%
copper acetate sofution was added to the hot
fittrate and boiled for another 10min. The
precipitate was fittered and the fiftrate was
discarded. The residue was dried using a
fiter paper and dried sampf was then
scraped from filter paper into a pre-weighed
crucibfe. The weight was recorded as W.
The crucible containing the sample was
incinerated in a muffle furnace at 550°C,
then coofed in a desiccator and then
reweighed as W1. The difference between
the weight of samp e before ashing and the
ash residue after incineration represents the
tannin content as described by Josyh
(1970).

Determination of saponin content
Saponin content was determined using the
AOAC (1990). Saponin extract was done
using acetone and methanol. Crude fipid
content of samples was extracted with
acetone while methanolwas used to extract
saponin. Two grams of sampfe in tripficate
were folded in filter paper and put in
thimbfe and extracted by influxing in a
Soxhlet extractor. Extraction was done with
acetone in a 250cm’ capacity round
bottomed flask containing 100cm’
methano!, fitted to the extractor and
extraction sustained for another 3hr. The
weight of flask was taken before and after
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extraction to note the change in weight.
Methanol was recovered by distiflation
after the second extraction and the flasks
oven-dried and allowed to cool at room
temperature and weighed. The saponin
content was cafcufated using the formufa;
Saponin (mg/100g) =
A-Bx 100
Sm
Where A=mass of flask and extract
B =mass of empty flask
Sm= Samp e mass

Determination of flavonoids
Ffavonoids fevel was determined by
gravimetric method described by Aftlen et
al. (1974). 10g of sampl was extracted
with 100m{ of 80% aqueous methanot at
room temperature. It was fiftered and the
residue was transferred into a crucibfe for
drying. This was dried at a constant weight
in an oven. The percentage flavonoid was
cafcufated as follows:

% Flavanoids =

Weight of dried residue

Weight of originalsamp e
Data analysis
Data generated were statistically anafyzed
using means and standard deviation. One-
way ANOVA was adopted to test for
significant difference (P<0.05) in the
nutritional and anti-nutritional contents
between the seeds of raw Afzelia africana,
Afzelia africana seeds treated by natural

x 100

fermentation (NF) and Afzelia africana

seeds that were subjected to gut-filtrate
treated fermentation (GFTF).

Results and discussion

The proximate composition of Afzelia
africana seeds is shown in Tabl 1.
Fermentation significantly (P<0.05)
affected the proximate composition of the
seeds, except for the ash content. The
moisture, protein, {ipid and fibre contents of
the seeds increased significantfy, while
there was significant reduction in nitrogen
free extracts content.
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Table 1: Proximate composition of raw and fermented Afzelia africana seed

Parameters
Afzelia % Moisture % Ash % Protein % Lipid % Fibre % NFE
africana
seed
Raw 6.68+0.28°  4.13+0.08° 13.89+0.06* 16.10+£0.32°  4.57+£0.02°  59.20+0.42°
NF 18.17£0.04*  3.96+0.09 18.12+£0.92*  28.60+0.56° 10.10£0.02*  32.15+0.59°
GFTF 14.93£0.10°  420+0.14*  1935+£0.21°  32.13+£0.86*  7.76+0.14°  29.39£1.01°
P Value 0.000 0.348 0.001 0.000 0.000 0.000

Means are presented. Means with the same superscript along columns do not vary significantly (P>0.05).
Note: TF - Traditional Fermentation, GFTF — Gut-fiftrate Treated Fermentation

Natural fermentation (NF) effected a
30.45% increase in crude protein compared
to the 39.31% increase in gut-filtrate
treated fermentation (GFTF). A profound
increase in fipid was observed in NF
(77.64%) and GFTF (99.56%). Afzelia
africana fermented with cow gut fiftrate
had the highest crude protein (19.35%) and
fipid (32.13%) contents, while the naturatfy
fermented seeds had the highest moisture
(18.17%) and fibre (10.10%) contents. Raw
A. africana had the highest nitrogen free
extracts (59.20%) content. The increase in
moisture contents of the fermented seeds
could be due to the treatment (soaking) it
passed through during fermentation. This
observation is in accordance with the
reports of Ojokoh et al. (2015). The
increases in crude protein content recorded
with fermentation could be attributed to
proteofytic activities of enzymes produced
by microorganisms during fermentation
(Amankwah et al, 2009). Solubk ftow
moflecular weight peptides and amino acids
that contribute to flavour are produced
through the enzymatic breakdown of
proteins (Ouoba et al., 2003) as a result of
fermentation. Bashir and Sufeiman (2018)
also reported significant increase of protein
(10.17%) and fipid (46.62%) content of
Tamarindus indica seed by fermentation.

The significant increase in fipid content
was reported to be caused by significant
fipotysis of legumes by fermentation which
yielded predominanty ofeic, finofeic and
finofenic acids which are essential fatty
acids (Ouoba et al., 2003). Many animafs
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cannot synthesize one or more of the fatty
acids such as linoleic acid (18:2 ®-6) and
must ingest them in pfant-based foods
(Smit, 2002).

There was significant increase in crude
fibre contents which contradicts the reports
of Igbabulet al. (2014) and Ojokoh et at.
(2015), who reported fermentation to cause
reduction in crude fibre contents of pear{
millet and Acha. This impfies that
fermentation of Afzefia africana seed
makes it a potential feedstuff for
herbivorous and omnivorous tropicaf fish
species such as tifapia, owing to increase in
fibre content. Fermentation significantly
(P<0.05) reduced the carbohydrate content.
The reduction in carbohydrate content with
fermentation coufd be attributed to
utifization of fermentabfe sugars by factic
acid bacteria for growth and other
metabofic activities (Ojokoh etal,2013).
Table 2 presents the anti-nutrient
composition of A. africana seeds.
Fermentation significantly (P<0.05)
increased atkafoid, tannin, saponin and
flavonoid contents, and reduced phytate.
The increase in some anti-nutrients coufd
probabfy be associated with their formation
during heat/atkaline processing (Gifani et
al, 2005). The abifity of anti-nutritional
factors to pose health risks fargely depends
on their excretion viz-a-viz frequency of
excretion. The NF seeds had the highest
alkaloid (3.68 mg/g"), tannin (2.45 mg/g")
and saponin (34.25 mg/g") contents, while
flavonoid content (98.91 mg/g") was more
inthe seeds subjected to GFTF.
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Table 2: Anti-nutrient composition of raw and fermented Afzelia africana seed

Parameters mg/g’!

Alkafoid Phytate Tannin Saponin Flavonoid
Raw 2.09+0.04°  0.06+0.01* 025+0.04° 15.00+0.40"° 80.69 £ 0.15¢
NF 3.68+0.18*  0.06+0.00® 2.45+0.02* 34.25+0.15° 96.56 +0.02°
GFTF 3.324+0.02*  0.05£0.00° 230+0.01® 33.95+£047° 98.91 +0.19*
P-Vafue 0.004 0.535 0.000 0.000 0.000

Means are presented. Means with the same superscript along cofumns do not vary significantty (P>0.05).
Note: TF — Traditional Fermentation, GFTF — Gut-fiftrate Treated Fermentation

The reduction in phytate content may be
attributed to the activity of the endogenous
phytase enzyme from the raw ingredient
and inherent microorganisms which are
capable of hydrofyzing the phytic acid in
the fermented food preparations into
inositoland orthophosphate (Sandberg and
Andfid, 2002).

Tannins are secondary compounds of
various chemical structures widely
occurring in pfants and interact with other
anti-nutrients. Their anti-nutritionaleffects
incfude interference with digestion by
binding to proteins or minerals. Saponins
on the other hand increase the digestibifity
of carbohydrate rich foods by detergent-
fike activity that reduces viscosity,
preventing the normalobstructing action of
such foods in the intestine (Kumar et al.,
2012). Saponins have been reported to be
highfy toxic to fish when added to water
(Kumar et al., 2012). However, the
simuftaneous consumption of saponin and
tannin resufts in the foss of individual
toxicity because the formation of tannin-
saponin compf{exes inactivates the separate
biological activity of both tannins and
saponins (Kumar et al.,2012). Thus, the use
of Afzelia africana seeds as aqua feedstuff
can be explored.

The presence of flavonoids in 4. africana
also indicates that the seeds have biological
functions such as anti-oxidant and anti-
tumour properties (Okwu, 2004), which
may be beneficial for tropical aquacufture
candidates that require high energy for
metabofic activities and invariabfy more
feed, thus research into the use of refatively
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cheap non-conventional feedstuff is
paramount. Ffavonoids are pofyphenofic
compounds present in most pfants. They are
anti-oxidants that help protect cells from
free radical damage which cause various
heaftth probfems (Arthur, 1992). They hefp
maintain heafthy circufation, are anti-
infammatory, anti-viral and they afo
strengthen capillaries (Verlaetal.,2014).

Conclusions

Afzelia africana seed has high contents of
protein, carbohydrate and fipids which
suggest that it can serve as a good source of
crude protein and energy for fish cufture,
coupled with the seed’s medicinalpotentials
due to their high composition of
phytochemicals; specifically flavanoids.
Fermentation positively enhanced the
proximate (fipid > crude protein > crude
fibre) and beneficialanti-nutrients (notabfy
flavonoids) composition of A. africana
seeds. Thus inclusion of fermented A.
africana seeds in fish feed formufations
coutd enhance nutritional quadfity,
digestibifity and nutrient utifization at
reduced production cost, and should be
investigated.
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