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ABSTRACT

The nutritional and amino acid analysis of raw and fermented seeds of Parkia
biglobosa were carried out. Parameters investigated include moisture, crude protein,
crude fat, ash, crude fibre and mineral contents; and the effect of the degree of
fermentation on these parameters was also investigated. The amino acid compositions
of all the samples were evaluated and amino acid quality determined by calculating
amino acid scores and the predicted protein efficiency ratio (P-PER). Results showed
that the proximate composition was significantly affected by fermentation, although
there was little difference between the parameters for the partially fermented and
completely fermented samples. Based on dry matter percentage, protein content was in
the 39.77 — 43.74 % range while crude fibre ranged between 5.55 — 7.42 %. The ash
content was lowest in the raw sample (2.34 %), while the fermented samples had ash
contents between 4.27 and 8.33 % for the fully fermented and the partially fermented
seeds, respectively. The fat content increased from 8.65 % in the raw seed to 24.4 %
and 27.6 % for the partially and completely fermented samples, respectively. Results
of the amino acid analysis showed that the partially fermented sample had the lowest
quantities of all amino acids determined and had lysine as the limiting amino acid,
whereas the raw and completely fermented samples had very similar amino acid profile
with amino acid scores of 100, indicating that there are no limiting amino acids. All
the samples were rich in essential amino acids. The P-PER also showed that the
partially fermented sample had the lowest protein efficiency while the raw seed had
the highest. Mineral contents generally increased from the raw, through the partially
fermented, to the completely fermented seeds and results showed the samples to be
good sources of potassium (K), calcium (Ca), manganese (Mn) and copper (Cu) in
addition to being complementary sources of other metals. Locust bean seed does not
accumulate lead and is, therefore, safe for consumption without the potential of food
poisoning.

Key words: Fermentation, amino acid, locust bean, Parkia biglobosa, proximate
composition, nutritional value
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INTRODUCTION

Fermentation is one of the oldest and most important traditional food processing and
preservation techniques. It involves the use of microorganisms and enzymes for the
production of foods with quality attributes that are quite different from the original raw
material [1]. Fermented foods and beverages are increasingly becoming important in
meeting the nutritional needs of consumers [2].

Fermented foods are fairly common in Nigeria and go by many different names, which
may be based on the area of origin or the type of legume or oilseed used. Iru is a popular
condiment among the Yorubas of South Western Nigeria. It is made from fermented
Parkia biglobosa. The Hausas, who inhabit most of the northern part of Nigeria, call
the same product, “dawadawa . “Ogiri”’ (fermented Citrullus vulgaris) is a common
condiment among the Ibos of South Eastern Nigeria while “Owoh” (fermented
Gossypium hirstium) is the popular condiment among the Urhobos and Itsekiris in the
Niger Delta region. Fermented Prosopis africana is popular among the Igala and ldoma
people of the Middle Belt region where it is known as “okpehe” [3].

Almost any edible plant material, especially leguminous seeds, can be used as a
substrate for fermentation and a single condiment can be produced from many different
substrates. For instance, dawadawa or iru is traditionally prepared from African locust
bean (Parkia biglobosa), soybean (Glycine max) and bambara groundnut (Vigna
subterranea). Ogiri is traditionally prepared by fermenting melon seeds (Citrullus
vulgaris), fluted pumpkin (Telferia occidentalis) or castor oil seed (Ricinus communis).
Owoh is processed from fermented seeds of the cotton plant (Gossypium hirsitium) and
African yam bean (Sphenostylis stenocarpa) while Okpehe is prepared from the seeds
of Prosopis africana. In most cases, the seeds that are fermented are inedible in their
raw state [3].

Parkia biglobosa (Jack.) G. Don. is also known as dawadawa in Hausa, African locust
bean in English, Igba/lyere in Yoruba and Nere in Bambara. It is native to Africa and
has been widely used for apiculture, fodder, tanning, food, and other uses. It is a
medicinal plant, used extensively by the Hausa people of Northern Nigeria and other
parts of West Africa against bronchitis, pneumonia, diarrhea, violent colic, vomiting,
sores and ulcers. A decoction of the stem bark is used as a mouthwash to relieve
toothache as well as a bath for fever [4]. The bark is also used with lemon for wounds
and ulcers. An infusion of the bark is used as a tonic for diarrhea and as an enema [5].
The leaves are also used for burns and toothache and the root is used in lotions for sore
eyes when combined with leaves. They are reported to be active against bronchitis,
pile, cough, amoebiasis, dental carries and conjunctivitis [6, 7].

The fruit and shell are traditionally used as a source of substance used to harden
natively made house floors. It is also rich in tannins and can be an important source of
leather tanning. The yellow powdery substance (ngolo) is used in making a local drink
(kunu) or fed to pigs [8]. The Parkia tree usually grows in the wild and helps to provide
shade for farmers and prevent soil erosion by holding the soil particles with its roots.
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It also helps in the recycling of nutrients from deep soils [9]. It is used as timber for
making pestles, mortars, bows, hoe handles and seats.

The seed of African locust bean, which is a grain legume, is one of the most useful
parts of the plant and serves as a source of useful ingredients for consumption. The
seeds are known to be rich in protein, edible oil and contain easily digestible calcium,
hence the locust bean is important especially for Third World countries where protein
malnutrition is a problem and there is a growing need for protein supplementation
among both adults and infants [10].

Processing of locust bean fruits to the condiment involves many different post-harvest
operations such as pod and pulp removal to produce the seeds, cleaning, boiling, de-
hulling, washing, recooking, and then fermentation of the seeds to produce the
condiment. The fermented seed is used as soup seasoning/spices (flavoring agent) [10].

There is some information available on the nutritional values of the raw and fermented
locust bean [11 — 13]. However, available information usually does not distinguish
between the partially fermented and the completely fermented seeds and these two are
different in texture and consistency and possibly in composition too. There is,
therefore, the need to look into the nutritional composition of the raw, partially
fermented and completely fermented seeds as well as the amino acid composition. The
seed is known to be rich in protein and many locals eat it as a major protein source in
their diets. Therefore, the aim of this work was to determine the quality of the protein
and amino acids and how these may be affected by fermentation.

MATERIALS AND METHODS

Parkia biglobosa seeds were obtained from llorin, North Central part of Nigeria and
handpicked to remove stones and defective seeds. The two types of fermented samples
(partially and completely fermented) were obtained from a local market in llorin. The
partially fermented beans (known and sold as iru woro), though soft, have distinct beans,
which are not mushy while the completely fermented beans (known and sold as iru pete)
are much softer and paste-like in consistency. All the chemicals used were of high purity
and of analytical grade while all solvents were distilled before use.

Proximate and Nutritional Analysis: Standard Methods of the Association of Official
Analytical Chemists [14] were used to determine the moisture, crude protein, crude fat,
total ash and crude fibre contents of the raw seed and fermented Parkia biglobosa seed
samples. All determinations were done in triplicates and data obtained analysed by one
way analysis of variance (ANOVA). Means were compared by the Duncan’s multiple
range tests and significance was accepted at the 5% level.

Titratable Acidity (TA) or Total Titratable Acidity (TTA): This was done using the
Nielsen method [15]. One gram (1 g) of the ground sample was soaked in 50 ml of
distilled water. Five milliliters of the filtrate was titrated against 0.01 M NaOH solution
using phenolphathalein indicator. The total titratable acidity was calculated as % phytic
acid.
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Amino Acid Analysis

Amino acid analysis was done by ion exchange chromatography (IEC), using the
Technicon Sequential Multisample (TSM) Amino Acid Analyser (Technicon
Instruments Corporation, Dublin, Ireland). Two grams (2 g) of each sample was defatted
using chloroform/methanol and then hydrolysed using 6 M HCI. The hydrolysate was
then injected into the amino acid analyser for separation and characterisation.
Tryptophan was not determined.

Estimation of amino acid quality
The amino acid score for the essential amino acids was calculated using the FAO/WHO
formula [16]:

Amino acid score = Amount of amino acid per sample protein [mg/g]
Amount of amino acid per protein in reference protein [mg/g]

The total essential amino acids (TEAA), the percentage of the total essential amino acids
in the total amino acids (%TEAA), total acidic amino acids (TAAA), total sulphur-
containing amino acids (TSAA) and total aromatic amino acids (TArAA) were calculated
and the predicted protein efficiency ratio (P-PER) was determined using the equations
adapted by Oluwaniyi et al. [17] (that is P-PER = - 0.468 + 0.454(Leu) - 0.105(Tyr)).

Mineral Analysis

Two grams (2g) of sample was digested with 24 cm® mixture of
nitric/perchloric/sulphuric acids using the ratio 9:2:1, respectively. The digestates were
analysed for minerals using atomic absorption spectroscopy [14].

RESULTS

Results of the various determinations carried out on different samples - unfermented
parkia seeds (ALBS), partially fermented parkia seeds (PFALB) and completely
fermented parkia seeds (CFALB) are presented below.

Proximate Analysis: The results of the proximate analysis are presented in Table 1 on
wet weight basis and expressed as g/100g of sample.

The moisture content of the samples increased with the extent of fermentation with
7.17£0.29 %, 44.74+0.49 %, and 51.54+0.31 % recorded for raw, partially fermented,
and completely fermented seed samples, respectively. The ash content was found to
increase initially with fermentation from 2.17+0.29 % for the raw seed powder to
4.61+0.23 % for the partially fermented sample, and then decreased to 2.07+0.11 % for
the completely fermented sample. An increase in the fat content was observed for the
fermented samples from 8.03+0.27 % in the raw seeds to 13.48+0.22 % in the partially
fermented seeds and 13.37£0.19 % in the completely fermented seeds. There was
significant reduction in the crude fiber content with fermentation, from 6.89+0.38 %
for the raw unfermented seeds to 3.07£0.21 % and 3.12+0.19 % for the partially
fermented and completely fermented seeds, respectively. Results of crude protein
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analysis showed that the protein content reduced with fermentation from 40.60+0.51
% in the raw seed powder to 22.08+0.16 % in the partially fermented sample and
19.27+0.22 % in completely fermented sample. There was also a reduction in the
carbohydrate content of the samples with fermentation from 42.04+£1.06 % (for raw
seed) to 15.09+0.42 % (for partially fermented seed) and 13.75+0.52 % (for completely
fermented seed).

The results also showed that the total titratable acidity content (Fig. 1) decreased with
fermentation from 0.98 % for unfermented seed to 0.97 % for the partially fermented
sample before falling sharply with increasing fermentation period to 0.76 % for
completely fermented sample.

Total Titratable Acidity

W ALBS mPFALB m CFALB

Key: ALBS - Unfermented parkia seeds; PFALB — Partially fermented
parkia seeds; CFALB — Completely fermented parkia seeds

Figure 1: Total Titratable Acidity of the three samples

Statistical analysis showed that the moisture, ash and carbohydrate contents of the
samples varied significantly (p < 0.05). On the other hand, the lipid and fiber contents
(of the wet matter) and protein and carbohydrate contents (of the dry matter) did not
vary significantly between the two fermented samples (P > 0.05). There was, however,
a significant difference between those of the unfermented sample and the fermented
samples.

Amino Acid Composition

The amino acid compositions of the samples (raw and fermented seeds) are shown in
Table 3. From the results, the partially fermented sample had a lower total amino acid
(TAA) content when compared with the raw and completely fermented samples. The
TAA of the raw sample was also slightly higher than that of the completely fermented
samples. The TEAA, TAAA, TSAA and TArAA amounts were highest in the raw seeds
and lowest in the partially fermented seeds. The proportions of these components,
however, do not follow the same trend. For example, the %TEAA, %TAAA and
%TrAA were all highest in the partially fermented seeds. The differences observed in
all cases, however, were minimal.
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Mineral Composition
The results of the mineral analysis are presented in Table 5 and 6 for the wet and dry
matter, respectively.

Manganese contents of the wet samples were 0.92, 0.90 and 0.98 mg/100g for ALBS,
PFALB and CFALB, respectively, which showed that the Mn contents decreased
slightly with the onset of fermentation before rising again as fermentation progressed.
Copper contents were 0.13, 0.26 and 0.25 mg/100 g for the unfermented, partially
fermented and completely fermented samples, respectively, showing that the partially
fermented sample had a slightly higher copper content than the completely fermented
sample. The amounts of iron in the three samples were 2.49, 1.94 and 2.41 mg/100g
for ALBS, PFALB and CFALDB, respectively. The unfermented sample had a higher
iron content than the partially fermented and completely fermented sample. The
magnesium contents of the samples were 24.92, 13.97 and 12.73 mg/100 g, while the
zinc contents of the samples were 0.35, 0.29, 0.11 mg/100 g for ALBS, PFALB and
CFALB, respectively. The unfermented sample had the highest zinc content among the
three samples. The sodium contents of the samples were 48.80, 51.78 and 45.41
mg/100 g for the unfermented, partially fermented and completely fermented samples,
respectively. The partially fermented sample had the highest sodium content.
Potassium contents of the samples were 34.93, 27.56 and 32.23 mg/100 g for the
unfermented, partially fermented and completely fermented samples, respectively. The
unfermented sample had a slightly higher potassium content than the two fermented
samples. The results also showed that the calcium contents of the samples were 96.30,
55.84 and 57.81 mg/100 g for the unfermented, partially and completely fermented
samples, respectively.

The amounts of lead in all three samples were found to be same as that of the blank
sample, thus implying that the samples do not contain any detectable or significant
amount of lead.

DISCUSSION

The observed increase in moisture content may be due to boiling and subsequent
soaking in water of the fermented samples. It may also be as a result of metabolic
activities of microorganisms during fermentation period, which gives out moisture as
their product. The low moisture content of the raw seed (7.17+029 %) is similar to
those reported by Odebunmi et al. (8.67 + 0.70 %), and Omafuvbe et al. (8.6 = 0.6 %)
[18, 19]. The high moisture content for the fermented seed (51.54+0.31 %) is similar
to that reported by Omafuvbe et al. (52.0 £ 5.0 %) [19]. The increase in the fat content
observed for the fermented samples may be as a result of the loss of some other
constituents of the seed due to heat treatment involved in the fermentation process
leading to an overall increase in the fat content of the fermented seeds. The results of
the ash content determination show that the completely fermented samples have lower
ash content than the partially fermented samples. This may be as a result of the loss of
some minerals into the water. Partial fermentation made the seeds softer and the
minerals more available; however, further fermentation led to the leaching of these
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minerals into the water hence the drop in the ash content of the fully fermented samples.
This shows that fermented locust beans seed is a ready source of energy in diets. The
reduction in crude fibre content with fermentation may be attributable to boiling and
microbial fermentation.

Reduction in protein content may be attributed to the higher moisture and fat contents
of the fermented samples compared with the unfermented sample. On the basis of dry
matter (Table 2), there was minor difference in the protein content, further
corroborating the fact that the differences observed on the wet matter was not as a result
of loss of protein to processing, but rather as a result of the increase in the moisture
content of the samples with fermentation. The change in carbohydrate content is also
due to the lower moisture content of the unfermented samples in comparison with the
fermented samples. The results are similar to the 41.10 % obtained by Elemo et al.
[20].

The nutritive value of plant proteins is usually assessed by comparing its essential amino
acid content with a reference standard or “ideal” protein set by the World Health
Organization [21]. This is based on the amino acid needs of children aged 2-5 years. The
essential amino acids cannot be manufactured in human bodies, but can be obtained from
food. Eight amino acids are generally regarded as essential for humans: phenylalanine,
valine, threonine, tryptophan, isoleucine, methionine, leucine and lysine [22].
Additionally, cysteine (or sulphur-containing amino acids), tyrosine (or aromatic amino
acids), histidine and arginine are required by infants and growing children and play a
vital role in human nutrition and metabolism [23]. Arginine is also known to become
conditionally essential at times of trauma and disease. Deficiency in these amino acids
may hinder the healing and recovery processes. All these essential amino acids were
found to be present in the locust bean seeds.

The predicted protein efficiency ratio (P-PER) for all samples ranged from 2.86 in the
partially fermented seeds to 3.21 in the raw seeds. The standard reference for the PER is
based on casein, a cow’s milk protein, which has a PER of 2.5 and the values obtained
for all samples are greater than 2.5 [24]. Generally, a PER below 1.5 approximately
describes a protein of low or poor quality and none of the locust bean samples had such
low P-PER [25].

The amino acid scores of raw and fermented locust bean seeds are presented in Table 4
and the limiting amino acid, where present is indicated in bold letters. The table shows
that only the partially fermented locust bean has lysine as the limiting amino acid while
both raw and completely fermented seeds have amino acid score of 100 since all values
greater than 100 are considered to be 100 [26].

Manganese is a microelement essential for human nutrition. It acts as an activator of
many enzymes [27]. Copper is a micro mineral that facilitates the absorption of iron
and the formation of red blood cells. Copper is also required in the body for enzyme
production and biological electron transfer [27].
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Iron is required for blood hemoglobin formation as well as for energy metabolism. It
is a trace element needed by the body. Iron deficiency in the body results in anaemia
[28]. Magnesium is believed to support the immune system, regulates blood sugar
levels and is involved in the production of energy and cell reproduction. Manganese
works with vitamin K and B complex vitamins to support blood clotting. Manganese
also helps to control the effects of stress. Birth defects can possibly result when an
expectant mother does not get enough of this important element [29]. The body requires
sodium in order to maintain acid-base balance, osmotic balance between cells and
interstitial fluid and nerve function. Its absence causes muscle cramps, mental apathy
and reduced appetite. The recommended daily allowance of sodium is no more than
2.3 g/ day for healthy adults although WHO had recommended a reduction to < 2g /
day [30].

The body also requires potassium for the maintenance of acid-base balance, body water
balance and nerve function; its absence may result in muscular weakness and paralysis
[31]. Calcium plays an important role in building and maintaining strong bones and
teeth, large parts of human blood and cellular fluids. Calcium is also necessary for
normal functioning of cardiac muscles, blood coagulation, clotting and regulation of
cell permeability. Calcium deficiency causes rickets, back pain, osteoporosis,
indigestion, irritability, pre-menstrual tension, and uterus cramping [27].

The above results show that the samples were good K, Ca, Mn and Cu sources. They
also constitute a good complementary source of other minerals. The observed
haphazard trend in the mineral content among the samples may be attributed to the
difference in the moisture contents between the samples. On the basis of dry matter,
the mineral content showed a general increase with fermentation, except Mg, Zn and
Ca, further corroborating the fact that the observed trend on the wet matter was not as
a result mineral loss during processing, but rather as a result of the increase in sample
moisture content with fermentation (except for zinc, which increases as fermentation
commences, before reducing as fermentation progresses).

Locust bean seed does not accumulate lead and is, therefore, safe for consumption
without the fear of food poisoning. Lead is a poisonous metal that can damage nerve
connections especially in young children. Increased lead absorption may give rise to
negative effects on both the central and peripheral nervous systems [32]. In adults, lead
affects the brain, kidney and ultimately leads to death while in pregnant women high
lead contents can cause pregnancy miscarriage and respiratory problems as well as
restrict the flow of blood into the body system [33].

CONCLUSION

This study has shown that fermentation did not adversely affect the nutrient
composition of raw and fermented seeds of P. biglobosa and is necessary to make the
seeds edible and the nutrients available. Fermented P. biglobosa is consumed mainly
for its protein content and this work has shown that the protein contents of both partially
and completely fermented seeds are within the same range and only slightly lower than
the values recorded for the raw seeds. The completely fermented seeds appear to have
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a better amino acid profile than the partially fermented seed and have no limiting amino
acid whereas the partially fermented seeds have lysine as the limiting amino acid. The
fermented seeds are good sources of nutritionally-important mineral elements.
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Table 1: Result of Proximate Analysis

Sample Nutritional Composition (g/100g)
Moisture Ash Fat Crude Fibre Protein Carbohydrate (+ TTA
Fibre)
ALBS 7.17+0.292 2.17+0.312 8.03+0.27° 6.89+0.382 40.60+0.512 42.04+1.062 0.98+0.082b
PFALB 44.74+0.49° 4.6140.230 13.48+0.22a 3.07£0.21b 22.08+0.16° 15.0940.420 0.97+0.002
CFALB 51.54+0.31¢ 2.0740.11a 13.37+0.192 3.1240.19° 19.27+0.22¢ 13.75+0.52¢ 0.7620.04°

Values are mean + s.d of triplicate determination. Values followed by same superscript
along the columns are not significantly different at p = 0.05; ALBS = unfermented
parkia seeds; PFALB = partially fermented parkia seeds; CFALB = completely
fermented parkia seeds; TTA = Total Titratable Acidity

Table 2: Result of Proximate Analysis on Dry Weight Basis

Sample Nutritional Composition (g/100g)
Ash Fat Crude Fibre Protein Carbohydrate (+
Fibre)
ALBS 2.3440.31a 8.65+0.272 7.42+0.382 43.74+0.512 45.28+1.062
PFALB 8.33+0.23> 24.4040.22° 5.55+0.21° 39.96+0.16° 27.3140.42°
CFALB 4.27+0.11¢ 27.6040.19¢ 6.45+0.19¢ 39.77+0.220 28.3740.52°

Values are mean = s.d of triplicate determination. Values followed by same superscript
along the columns are not significantly different at p = 0.05; ALBS = unfermented
parkia seeds; PFALB = partially fermented parkia seeds and CFALB = completely

fermented parkia seeds
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Table 3: Amino Acid Composition of Samples (g/100g)

AMINO ACIDS ALBS PFALB CFALB
Lysine (Lys)? 6.79 4.99 6.63
Histidine (His)? 3.88 3.04 3.76
Arginine (Arg) 6.98 4.47 6.89
Aspartic acid (Asp) 11.03 9.54 10.53
Threonine (Thr)2 4.8 3.88 4.24
Serine (Ser) 5.02 4.24 4.72
Glutamic acid (Glu) 18.02 15.94 17.36
Proline (Pro) 5.52 4.88 5.31
Glycine (Gly) 5.49 4.11 4.84
Alanine (Ala) 5.94 5.01 5.37
Cystine (Cys)? 245 1.92 2.18
Valine (Val) 5.92 5.32 5.64
Methionine (Met)a 1.82 1.41 1.48
Isoleucine (lle)? 4.55 3.99 4.08
Leucine (Leu)? 9 8.07 8.46
Tyrosine (Tyr)a 3.86 3.22 3.54
Phenylalanine (Phe)? 5.66 4.99 5.33
Tryptophan (Try)? ND ND ND
Total Amino acids (TAA) 106.73 89.02 100.36
Total Essential amino acids (TEAA) 42.42 (39.75%) 35.69 (40.09%) 39.62 (39.48%)
Total Acid amino acids (TAAA) 29.05 (27.22%) 25.48 (28.62%) 27.89 (27.79%)
Total Sulphur amino acids (TSAA) 4.27 (4.00%) 3.33 (3.74%) 3.66 (3.65%)
Total Aromatic amino acids (TArAA) 13.4 (12.56%) 11.25 (12.64%) 12.63 (12.58%)
P-PER 3.21 2.86 3.00

Values are expressed as g/100 g dry weight of sample. ND = Not determined. Values
in parenthesis are % of TAA

& Essential amino acids according to FAO/WHO [34]

b Indispensable amino acid in human adult according to FAO/WHO/UNU [35].
ALBS = unfermented parkia seeds; PFALB = partially fermented parkia seeds; CFALB
= completely fermented parkia seeds; and P-PER = predicted protein efficiency ratio
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Table 4: Essential Amino Acid Score of Locust Bean Seed

Amino Acid Standard FAO/ WHO (1991) ALBS PFALB CFALB
(9/100g protein)
lle 2.8 163 143 146
Leu 6.6 136 122 128
Lys 5.8 117 86 114
Met + Cys 2.5 171 133 146
Phe + Tyr 6.3 151 130 141
Thr 3.4 141 114 125
Try 11 ND ND ND
Val 3.5 169 152 161
His 1.9 204 160 198

ND = Not determined; ALBS = unfermented parkia seeds; PFALB = partially
fermented parkia seeds and CFALB = completely fermented parkia seeds
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Table 5: Result of Mineral composition on wet weight basis (mg/100 g)

Samples ALBS PFALB CFALB
Manganese (Mn) 0.92 0.90 0.98
Copper (Cu) 0.13 0.26 0.25
Lead (Pb) - - -
Iron (Fe) 2.49 1.94 241
Magnesium (Mg) 24.92 13.97 12.73
Zinc (Zn) 0.35 0.29 0.11
Sodium (Na) 48.80 51.78 45.41
Potassium (K) 34.93 27.56 32.23
Calcium (Ca) 96.30 55.84 57.81

ALBS = unfermented parkia seeds; PFALB = partially fermented parkia seeds and
CFALB = completely fermented parkia seeds
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Table 6: Result of Mineral composition on dry weight basis (mg/100 g)

Samples ALBS PFALB CFALB
Manganese (Mn) 0.99 1.63 2.03
Copper (Cu) 0.14 0.48 0.51
Lead (Pb) - - -
Iron (Fe) 2.68 3.51 4.98
Magnesium (Mg) 26.84 25.28 26.28
Zinc (Zn) 0.37 0.52 0.22
Sodium (Na) 52.57 93.70 93.70
Potassium (K) 37.63 49.88 66.50
Calcium (Ca) 103.74 101.05 119.30

ALBS = unfermented parkia seeds; PFALB = partially fermented parkia seeds and
CFALB = completely fermented parkia seeds
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