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Abstract  Environmental variables such as temperature, rainfall, sunshine among others are known to influence 
fruiting, seed formation and quality of food crops by different mechanisms. Levels of nutrients, anti-nutrients and 
mineral composition of periodically harvested seeds of Treculia africana (a legume) during the fruiting season were 
assessed to determine the influence of season on quality parameters. Standard methods of analysis were used to 
evaluate protein, fat, crude fibre, ash, carbohydrate, moisture hydrogen cyanide, phytate, tannin, oxalate, alkaloid, 
saponinns and minerals. Highest nutritive and anti-nutrient values of seeds occurred at mid season and late season 
development periods respectively. Observed quality parameters were 14.55% protein, 5.74% fat, 2.10% crude fibre, 
1.45% ash, 33.20% moisture, 50.14% carbohydrate, 0.45mg/100g HCN, 0.8 phytate 6.10mg/100g, 0.45mg/100g 
1.65mg and 0.77mg/100g for early season seeds. The mid season seeds quality parameters increases were protein 
(5.1%) fat (0.34%) ash (0.22%), moisture (2.40%) carbohydrate (4.87%) and mean increase of 3.88% for anti-
nutrient. Phytate, oxalate and phenolic values were highest at late season seeds. The mineral contents were 
comparable among the seasons. Calcium (20.0mg) and magnesium (280mg) recorded the least values in late season 
seeds. The relationship between seasonal changes in nutrients, anti-nutrients and seasons was significant (P < 0.05). 
The quality parameters are within the Recommended Daily Allowance for Nutrients, anti-nutrients and minerals but 
for calcium and magnesium. The seasonal changes posit Treculia africana as multi-purpose nutritional and health 
maintenance food crop. 
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1. Introduction 

Foods of plant origin are important sources of macro 
and micro nutrients in humans. The ability for food crops 
to deliver the needed nutrients in human are influenced by 
environmental conditions. Several studies have attributed 
the observed changes in chemical composition of food 
crops to climatic and soil factors during growth and 
maturity [1,2]. Changes in environmental condition  
may result to delayed growth, incomplete maturity and 
loss of quality. Quality parameters such as protein, oil 
carbohydrate, minerals and anti-nutritional factors are 
influenced by such factors as temperature, rainfall, 
sunshine, soil minerals etc [2]. Temperature effects on 
protein, carbohydrate and lipid formation in legumes are 
well documented [1,3]. However there appears to be some 
controversies on nutrients accumulation in grains during 
low temperature and high rainfall accompanying changes 
in climatic conditions [4,5]. The sum hypotheses however 
implicate variations in climatic factors as responsible for 
final quality parameters in food crops. Seasonal impacts 

on quality parameters have been traced to the effects of 
climatic factors on biochemical processes. Such as 
formation of chlorophyll, photosynthesis energy transfer, 
phosphoration, condensation, development of metabolites 
among others [6,7]. These reactions influence mineral 
demands and uptakes by growing plants and the resulting 
deposition patterns of synthesized materials in seeds. The 
minerals profile of plant soil conditions reflects on the 
mineral contents of harvested seeds, stems etc. 

Treculia africana a legume food crop of the moracaea 
family, grows in a wide variety of climatic and soil 
conditions [8] and priced for its nutritive compositions 
[9,10]. The seeds are widely consumed for its nutrients 
and affordability. Food prepared with Treculia Africana 
seeds have been successfully used in the management of 
chronic diseases such as diabetes, obesity, hyper-lipidemia 
and applied preventively in the management of cardiovascular 
diseases etc. [11]. The beneficial health factors of Treculia 
africana were associated with the anti-nutrient of the 
seeds. However the positive side of the anti-nutrients does 
not preclude the noted deleterious effects of anti-nutrients 
on macro and micro-nutrients [12,13]. Their anti-nutrient 
activities such as forming of complexes with starch, 
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protein and chelating of minerals are well noted for their 
limitations on the bioavailability of those nutrients in human 
digestive tracts [14,15]. The successful use of plant, foods 
as medicinal factors depends on the ability to harness  
their prime quality parameters, through the identification 
of proper time of harvest. The fruiting season of Treculia 
africana spans between October and May. It was 
hypothesized that there is dependent relationship between 
chemical compositions ,multiple nutritional and health 
uses of Treculia Africana and climatic variations. The 
seeds of treculia africana are utilized as food and medicine 
without proper consideration of the seasonal changes in 
nutrients, anti-nutrient and minerals. The information on 
the changes in nutritive components are important for 
nutrition and also for dietary management of chronic 
diseases .There is a dearth of information in literature on 
seasonal changes in some nutritive composition of treculia 
africana. The objective of the study was to determine how 
time of harvest during fruiting season affects the quality of 
Treculia africana seeds. The result of this study will 
contribute to our understanding of chemical changes due 
to climatic effects as we strive to exploit the important 
nutritional and health contributions of Treculia africana to 
humans. 

2. Materials and Methods  

2.1. Collection of Materials  
Freshly harvested seeds of African breadfruit were 

purchased periodically in December, 2013, February, 
2014, May 2014 at Umudike, Umuahia Nigeria. The seeds 
were sourced from the same tree. This was to ensure 
consistency in stock and variety. 

2.2. Preparation of Sample 
The fruiting seasons of African breadfruit tree crop was 

divided into Early season seeds ESS (October – December) 
Mid-season seeds MSS (January – March) and Late 
season seeds LSS (April – May). The meteorological 
conditions of the fruiting seasons are summarized on 
Table 1. The freshly harvested seeds were physically 
screened for contaminants, shade dried in open trays for 
48 hours to constant weight. Three hundred grams of the 
dried seeds were finely ground with a handmill (Corona 
SA/CIA) and sieved with 200mm mesh into flour. The 
flour samples were stored in closed plastic containers for 
proximate, anti-nutrients and mineral element assays. 

The preparation of sample was repeated for midseason 
and late season seeds. 

2.3. Determination of Proximate 
Compositions 

Proximate composition of sample was determined using 
the methods as outlined in AOAC [16]. Micro-Kjeldahl 
method was used for protein analysis, Ether extraction 
with soxhlet apparatus was used for lipid content analysis. 
Ash and crude fiber assays used methods No. 08-1 and No. 

32-10 of the AOAC [16] respectively. Moisture content 
was determined using the oven method of analysis. While 
carbohydrate value was calculated on fractional differential 
method as carbohydrate% = (100 – fractional components). 
Energy desirable was estimated using the formula 

The estimated Gross Energy value was calculated as 

 
( )

( ) ( ) ( )
Gross Energy Kj /1000g

CP x 16.7 CHO x 37.7 EE x 37.7= + +
 

Where  
Kj = Kilojoules; CP = Crude Protein; CHO = 

Carbohydrate; EE = Ether Extract (Lipid); 16.7= Protein 
factor; 37.7 = Carbohydrate and Lipid   

2.4. Determination of Anti-Nutrients 
Phytate was determined by the Anion Exchange method. 

HCN of sample was determined using the colorimeteric 
methods [16]. Oxalate and Alkaloids were analyzed by 
methods as described by [17]. Tannin determination 
employed the spectrophotometric method of Folin – Denis 
[18]. 

2.5. Mineral Assay 
Mineral analysis employed the methods as described in 

AOAC [19]. After wet digestion, Calcium, magnesium, 
Iron, Copper, Potassium, Zinc, Phosphorus and Sodium 
were determined using Atomic Absorption spectrophotometer 
AAA (Model 372, Perkin – Elmer, Beaconsfield UK) 
method. 

2.6. Statistical Analysis 
Data obtained from experiments were statically 

analyzed. Statistical Package for Social Sciences (SPSS. 
17.0) was used for Analysis of (variance, standard 
deviation, Pearson’s Correlation etc.) and interpretation of 
results. 

3. Results and Discussions  

Variations in proximate, anti-nutrient and mineral 
contents of African breadfruit seeds due to seasons are 
summarized in Table 2 and Table 3. Some significant 
differences were indicated in the proximate and anti-
nutrients of the evaluated African breadfruit seeds. The 
percentage seasonal variations in nutrients, anti-nutrients 
and minerals are described in Figure 1 – Figure 3. 

Table 1. Meteorological Record of Umudike (October 2013-June 2014) 

Season Average Daily 
Temperature 

Average 
sunshine 

Hours 

Average 
monthly Rains 

October – December 26 ± 2°C 7 120cm 

January – March 33 ± 2°C 10 50cm 

April – May 28 ± 2°C 5 180cm 

Source: NRCRI, Meteorological unit, Umudike. 
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Figure 1. Variations (%) of Total Proximate Contents by Season 

 

Figure 2. Variations (%) of Anti-nutrient Contents by Season 

 

Figure 3. Variations (mg/100g) of Minerals by Season 

3.1. Proximate Composition of Samples 
The average protein content of the samples was 

17.4g/100g (Table 1). Protein content of mid season seeds 
was significantly (p< 0.05) higher than the early season 
seeds (Table 2). Protein content of the late season seeds 
was 1.47g lower than the mid season seeds. The average 
inter season variation was 18.84%. These results 
compared favourably with the reported protein content of 
raw seeds of legume crops [19]; 19.3 – 21.1% for African 
yam beans [27] and higher than the values of 15.2 – 21% 
for Bambara groundnut but lower than the protein content 
of cowpea [20]. 

 

Table 2. Proximate Composition of Seasonal Samples 

Seasonal Variation (%) 
Products ESS MSS LSS Mean SD SE 
Protein 14.55 19.65** 18.8 17.46 2.62 1.52 

Fat 5.74 6.08 9.00** 7.04 1.88 1.09 
Crude Fibre 2.10 2.50 3.00 2.36 0.05 0.32 

Ash 1.45 1.67 2.13 1.76 0.31 0.22 
Moisture 33.20 35.60 34.40 34.40 1.20 0.69 

Carbohydrate 50.14 55.01 66.60** 57.25 8.40 4.88 

SD = Standard Deviation, SE = Standard error of mean 
ESS = Early season seeds  
MSS = Mid season seeds 
LSS = Late season seeds 
** = Significant (p < 0.05). 
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Fat content of the late season seeds was significantly 
(p< 0.05) higher than the values for early and mid season 
seeds (Table 2). The variation in fat content between the 
late season and early season seeds was 60.28%. Steep rise 
in fat content from the mid season (51.32%) to late season 
seeds was observed. The fat content of African breadfruit 
seeds has been reported to be higher than the values for 
most legumes with the exception of groundnuts ,which has 
an average of 8% protein content [21]. 

Crude fibre contents of the different seasons were 
comparable but slightly higher (3.00g/100g) for the late 
season. The average seasonal change was 0.45%. Fibre 
content of African breadfruit seeds agreed with most 
reports in literature on crude fibre content of legumes 
seeds [19]. It is higher than the crude fibre of African yam 
beans, with important gastrointestinal benefits in human 

The average moisture content was 34.40%. This value 
was within the basic water requirement (35-45%) by 
weight needed for maturity of grains [2]. The observed 
higher moisture content reflected the prevailing rainfall 
(150mm – 180mm) pattern of the seasons. Higher rainfall 
did not appear to delay seed formation and nutrient storage, 
due to enzyme activations as reported by Salunkhe [4]. Seed 
formation and maturation occurred through fruiting season. 

The average carbohydrate content of the seasons was 
57.25g/100g. The carbohydrate content of African 
breadfruit seeds was reported to be higher than most 
legumes [22] but vary with varieties [23]. 

These variations in the proximate compositions could 
be attributed to the prevailing climatic factors affecting 
[25,42]. the seedling process through influence on rainfall, 
photosynthesis, storage of nutrient etc [1]. Early season 
proximate nutrient compositions are usually low because 
of the preferential draw of these nutrients to the leaves 
[24]. Higher temperatures favoured the accumulation of 
protein and oil in flax seeds [17]. Androtis et al [1] 
reported that starch formed at the early fruiting season in 
oil/seed embryo was transformed into lipids and protein 
during the seeding process. The higher (9%) fat content 
reported reported by this study at low temperature due to 
increase in rainfall agreed with the findings of Zubr and 
Mathhaus [1,25] on increased lipid/protein ratio due to 
formation of lipid following the transcription of fatty acid 
desaturase gene (FAD). This finding did not agree with 
the report of Petkova and Antova [17] of high lipid values 
during high temperature. The seasonal changes in proximate 
composition indicated an inverse relationship between 
protein and carbohydrate contents of African breadfruit 
seeds, probably due to the impact of agronomic or 
biochemical factors on seed formation and quality [2,17]. 

Nutritive compositions of African breadfruit seeds no 
doubt have been demonstrated by various studies to be 
high and adequately contribute to the energy, protein and 
mineral requirements of humans. The high values of 
protein, fat and carbohydrate of the study attest to the 
important contributions of African breadfruits to human 
nutrition and health. The average energy value for the 
seasons was 2715 kJ which partly satisfies the RDA of 
2500 – 3000 kcal of energy [26]. The crude fibre levels of 
the samples are indicative good intestinal mobility, and 
lowering of blood cholesterol due to its hypo-cholesterol 
effects of crude fibre [7,27]. Similarly high crude fibre 
assists in efficient management of cancer, diabetes and 

cardiovascular diseases through its antagonistic effects on 
nutrients digestion and absorption in the intestine [14]. 
Daily RDA for crude fibre is 25- 50g/day. Diet of African 
breadfruit seeds contributes to the RDA for crude fibre in 
human. The lipids of African breadfruit seeds have been 
reported to promote good skin through the rich content of 
omega-3 and vitamin C [6]. 

3.2. Anti-nutrient Content of Samples 
Anti-nutrients are widely distributed in plants as 

cellular constituents of tissues. These constituents are 
metabolized into defense factors against predators due to 
cellular injuries [28]. 

Variation in anti-nutrient of sample are presented on 
Table 3. 

Table 3. Anti-nutrient contents of Seasonal Samples 

Seasonal Variation mg/100g 
Products ESS MSS LSS Mean SD SE 

HCN 0.48 0.73 1.26 0.82 0.40 0.23 
Phytate 0.80 1.60 2.30 1.51 0.75 0.43 
Oxalate 6.10 8.53 8.07 7.57 1.29 0.74 
Tannin 1.98 1.96 1.17 1.70 0.46 0.27 

Alkaloid 0.47 0.40 0.33 0.40 0.07 0.04 
Saponin 1.65 1.90 2.56 2.04 0.47 0.27 

Phenolics 0.77 0.57 1.80 1.05 0.66 0.38 

ESS = Early season seeds  
MSS = Mid season seeds 
LSS = Late season seeds 
HCN = Hydrogen Cyanide; SD = Standard Deviation, SE = Standard 
error of mean. 

 
Variations in anti-nutrient values among the seasons 

were observed. Results (Table 3) showed gradual increases 
from early to late season. Hydrogen cyanide HCN values 
ranged from 0.48mg/100g; ESS 0.73mg/100g; MSS to 
1.26mg/100g for LSS seasons. The average inter seasonal 
change for HCN was 0.43%.Phytate content ranged from 
ESS 0.80mg/100g; MSS 1.0mg/100g to LSS 23mg/100g. 
Increases in phytate content between the early season and 
mid-season fruiting was 50%. Further rise of 0.7mg/100g 
was observed for LSS season phytate content. Phytate 
values of samples were lower than the values reported for 
soybean. Tannin contents of the seasons showed little 
variations among season. Decline in Tannin content (1.98 
– 1.17mg/100g) occurred at the late season fruiting. The 
oxalate content showed initial rise (2.43%) from ESS 
fruiting to mid fruiting period, then declined by 6% 
decline. The mid season and late season seeds showed 
higher oxalate contents than the early season fruiting seeds 
samples. The alkaloid contents ranged from 0.47mg/100g 
to 0.33mg/100g. The values were comparable among the 
season. The saponnin contents of early season and mid-
season seeds were comparable. The late season saponnin 
contents was higher but not significant (p > 0.05). The 
phenols content ranged from ESS, 0.77mg/100g, MSS, 
0.57mg/100g and 1.80g/100g for LSS seeds. The late 
fruiting season phenolic content was significantly higher 
(p< 0.05) than the phenolic contents of other seasons. An 
initial decrease in phenolic was observed at mid season seeds. 

Anti-nutrient values of this study showed that HCN, 
Phytate, oxalate and Tannin contents were lower than 
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values (Oxalate 28.7mg. Tannin 18.09mg, Phytate 8.33, 
HCN 9.80mg/100g) reported for velvet beans [28] and  
for peanuts [29]. Thus African breadfruits seeds are 
nutritionally better than lima and velvet beans. Alkaloids 
compositions of the test seeds showed a fairly distributed 
pattern over the fruitng seasons. 

The tolerable limits for anti-nutrients per 1kg body 
weight are HCN 50mg, Phytate 250-500mg, Tannin 20mg, 
Oxalate 3-5mg [30]. 

Observed changes in anti-nutrient content though not 
significant (p< 0.05) but for oxalate and saponin have 
been reported to be related to environmental factors such 
as light, moisture, temperature, seed maturity, factors 
among others [4,31,32]. 

Anti-nutrients at low concentrations confer some health 
benefits in humans. The health benefits of anti-nutrients 
are derived from their affirnity for metabolic ions, 
disruption of nutrient metabolism through formation of 
complexes and interference on enzyme co-factors [9,33]. 
At low levels phytate, phenolic compounds and saponins 
exhibit some beneficial effects on human health. Such as 
anti-ageing, good health skin due to the rich composition 
of omega 3, lowering of blood glucose, lowering of 
cholesterol and alteration of ratios of Ca/Zn and 
potassium/sodium. The ratio of K/Na in human diet is an 
important risk factor for cardiovascular diseases [12]. 
Phytates slow down the rate of food digestion and 
subsequent absorption in the gut. Phenolic compounds 
chelate pro-oxidation metals, removes free radicals, prevent 
low density lipo-protein oxidation, boost immunity as well 
as prevention of DNA strand scission [4,14]. Saponins are 
strong hypo cholesterol and anti-microbial agents [27,34]. 
Saponnins in legumes are about 0.5% and 5% with low 
toxicity effects which explain the benefits of saponnins in 
human. Lower doses of alkaloids have been demonstrated 
to reduce blood pressure. Saponnin is also useful in 
treatment of hyper calciuria and lead poisoning [34]. 
Similar health benefits of saponnins have been observed 
with Tannin, including anti-oxidative actions, suppression 
of the proliferation of liver cells and protection of protein 
[35]. Both saponnins and tannins are important for  
weight reduction in humans [39,40]. Alkaloids exhibits 
antimicrobials, anti carcinogens and anti-ulcer [29] effects. 

3.3. Minerals Content of Samples  
The minerals content (Table 4) showed little variations 

in calcium, iron, magnesium, phosphorus, potassium, 
copper, sodium and zinc among the fruiting/seeding 
seasons. These seasonal variations were not significant  
(p > 0.05). The values of calcium and magnesium at late 
fruiting season showed some decreases. Calcium is needed 
by legume plants for the development of seeds. 
Magnesium is required in the photosynthetic activities 

involving chlorophyll by plants. These requirements could 
account for the low calcium and magnesium contents of 
seeds at late season harvesting [36]. Phosphorus – 
Potassium – Sodium ratios exhibited an incremental trend 
in relationship. Phosphorus and potassium are needed by 
plants for protein and carbohydrate syntheses, and 
improved rate of seeding and seed quality. The mineral 
values were higher than values reported for maize and 
groundnuts [37].  

Variations in mineral contents could be associated with 
the growth and metabolic requirements of Treculia 
africana. Evaluation of mineral elements dynamics 
showed that low content at early fruiting/seeding season 
reflected the excessive draw on minerals, followed by 
probable stabilization of the plant minerals pool at mid 
season fruiting and the marginal increases in mineral 
contents of seeds at late season. Previous studies on 
mineral elements of food crops attributed the values to 
variety and soil conditions  

Table 4. Mineral content of seasonal samples of Treculia Africana 
seeds 

 
Seasonal Content (mg/kg) 

Early Mid Late Mean SD SE 

Calcium Ca 25.98 26.10 20.00 24.03 3.49 2.01 
Iron Fe 5.99 7.51 7.60 7.03 0.90 0.52 
Magnesium Mg 369 348 280 332.33 46.52 26.86 
Phosphorus P 490 550 560 532.33 37.86 21.86 
Potassium K 1100 1077 1080 1085.66 12.50 7.32 
Copper Cu 4.27 4.29 4.30 4.28 0.12 0.01 
Sodium Na 7.50 8.06 8.06 7.86 0.30 0.17 
Zinc 6.90 6.98 7.99 7.27 0.62 0.36 

RDA: Recommended Daily Allowances [19] SD = Standard Deviation, 
ESS = Early season seeds, MSS = Midseason seeds; LSS = Late season 
seeds, SE = Standard error of mean. 

 
Reports on the dynamics of mineral elements uptake  

by growing plants demonstrate complementary absorption 
patterns [3,6,9]. Magnesium, copper and iron are  
drawn for enzyme synthesis, chlorophyll formation and 
photosynthesis. Sodium, Potassium and phosphorus are 
used for carbohydrate and protein synthesis. Sodium may 
substitute for potassium. Zinc is an important factor in 
activation of enzymes, while zinc with phosphorus are 
vital for energy transfer. Calcium and sodium contents 
were lower the RDA for calcium and sodium [19]. 

3.4. Statistical Summary  
The summary of the statistical results (Table 5) 

explained the observed relationships between proximate 
anti-nutrient contents of harvested Treculia africana seeds 
within and between fruiting seasons.  

Table 5. Summary of Statistical Analysis of Table 2 and Table 3 

Pearson's Correlation (r) >0.366 

Parameters ESS 
Between Within 

MSS 
Between Within 

LSS 
Between Within Df F 

Proximate 1.0 1.0 1.0 1.0 1.0 1.0 17 10.36** 
Anti-Nutrient 0.388 1.0 0.436 1.0 0.295 1.0 20 38.54** 

DF= Degree of freedom. ** denotes significant (P < 0.05) relationships 
ESS =` Early season seeds; MSS = Mid season seeds; LSS = Late seasons seeds. 
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Statistical results showed significant relationships  
p< 0.1) between seasons and proximate, anti-nutrient of 
ESS, and significant relationship (p < 0.05) between 
proximate and anti nutrients for mid season seeds. 

Seasonal variations in nutrient and anti-nutrients 
demonstrated positive correlation within and between 
seasonal seed groups. The observed changes in proximate 
and anti-nutrient values between fruiting seasons 
underscored seasonal effects on seed maturity and 
composition. 

4. Conclusion 

This study evaluated the changes in nutrients, anti-
nutrients and mineral compositions of Treculia africana 
during its fruiting season and its implications on nutrition 
and health contributions of Treculia africana seeds in 
humans, as described by changes in composition at time 
of harvest. The changes in chemical composition were 
probably related to seasonal interactions of climatic 
variables .Such interactions significantly influenced some 
nutrients and anti-nutrients values. minerals content 
showed consistent and comparable values among seasons. 
The seasonal changes in nutrients,anti nutrients and 
minerals can be used to enhance the nutritional 
contributions and health management benefits of Treculia 
africana. 
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