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Abstract 
 

This study was carried out to determine the chemical composition of sorrel seeds boiled at varying durations. 

Cleaned sorrel seeds were poured into three (3) litres of boiled water (at 100  C) per batch of 1kg (i.e. in ratio of 

3:1) at different boiling durations of 0, 15, 30 and 45 minutes, respectively. The boiled sorrel seeds were sun 

dried by spreading on trays until well dried. Samples of the boiled sorrel seeds were analysed for chemical 

composition and phyto-chemical factors. The results showed that the duration of boiling significantly (p< 0.05) 

affected the crude protein, crude fibre and ether extract contents.  Crude protein and ether extract values 

increased as the duration of boiling increased from 0 to 45 minutes. The lowest crude protein (28.00%) and 

crude fibre (12.80%) was obtained at 30 minutes duration of boiling while their respective values 29.22% and 

14.50% were obtained from 45 minutes duration. Ether extract decreased with increased boiling duration. The 

values of anti – nutritional factor declined with increase in the duration boiling. There was also significant 

differences (p<0.05) in phytic acid and tannin levels.  

The 45 minutes duration of boiling had the lowest value for phytic acid (0.19%), tannin (1.1%) and saponin 

(7.65%). It is concluded that processing of sorrel seed by boiling enhanced nutrient availability of crude protein, 

crude fibre and ether extract, and reduced anti-nutrients (phytic acid, tannin and saponin) to a tolerable level. 
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Description of Problem 

 Sorrel (Hibiscus sabdariffa) seed is one of 

the alternative feed resources that have been 

found to thrive on a wide range of tropical soil 

conditions, and perform well on relatively 

poorer soil (1). Hibiscus sabdariffa is grown as 

border crop; the leaves are used for making 

soup and the calyxes for making the popular 

non-alcoholic beverage “Zoborodo” (2). Sorrel 

seeds contain a high amount of protein, dietary 

fibre, and minerals such as phosphorus (P), 

calcium (Ca) and magnesium (Mg) (3). The 

seeds contain about 35.90% crude protein 

(CP), 10.14% ether extract (EE), 10.09% ash 

and 15-17% crude fibre (CF) (4). It was 

reported by (5) that sorrel seeds contain 5.18% 

arginine, 16.5% CF, 13.5% EE and 38.57% 

CP.  (6) reported 23.46% CP value, however, 

(7) reported that boiled sorrel seeds contain 22. 

84% CP, 8.50% CF, 6.50% EE, 6.50% ash, 

45.66% Nitrogen free extract (NFE) and 

91.70% dry matter (DM). while (8) reported a 

value of 21.84% CP, 3.60% CF, 5.85% EE, 

5.39% ash, 90.40% DM, 53.72% t NFE, 1.12% 

Calcium and 0.56% Phosphorus, respectively. 

Sorrel seeds are relatively cheap, readily 

available and less competitive between man 

and animals. A viable option of optimizing the 

productivity of animals and minimizing cost of 

protein is by the use of non-conventional 
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feedstuff such as sorrel seeds which is sold in 

Nigeria at less than two-fifth the cost of 

soybean and about half the price of groundnut 

cake, hence justifying the need to investigate 

its use in feeding animals.  Sorrel seeds in their 

raw state are known to have a bitter taste 

which is attributed to anti-nutritional factors 

present in them. The unprocessed seed has 

been reported to contain total phenols, tannin 

and phytic acid as common anti-nutrients and 

these have been shown to have detrimental 

effects on the health and performance of 

animals (9 and 10). Effective utilization of 

sorrel seeds by non-ruminant animals will 

necessitate processing such as boiling, 

fermentation, sprouting, etc. to inactivate the 

anti-nutritional factors (11). Heat treatment 

also reduces anti-nutrients and increases the 

level of protein (12). This study was aimed at 

evaluating the chemical composition and anti–

nutritional factors of sorrel seeds boiled at 

different minutes. 

 

Materials and Methods 

Study site 
 This study was carried out at the Rabbit 

Unit of the Department of Animal Science, 

Teaching and Research Farm, Ahmadu Bello 

University, Zaria. Zaria is within the Northern 

Guinea Savanna Zone of Nigeria, with 

Latitude 11  09′ 01.78″ N and Longitude 7  39′ 

14.79″ E at an altitude of 671m above sea level 

(13). The mean minimum daily temperature is 

from 14  C - 24  C during the cold season 

while the mean maximum daily temperature is 

from 19  C - 36  C during the hot season. The 

mean relative humidity during dry and wet 

seasons is 21% and 72% respectively (14). 

 

Sources and processing of sorrel seeds 
 The sorrel seeds used for this study were 

purchased from an open market in Yobe State 

during the harvest period. The raw sorrel seeds 

were sorted to ensure that cleaned grains were 

obtained. The method adopted by (15) was 

used for processing. The cleaned sorrel seeds 

were poured into three (3litres) of boiled water 

per batch of 1kg at 100  C (i.e. in the ratio of  

3:1) at a different boiling duration of 0, 15, 30 

and 45 minutes, respectively. The products 

were then sun dried by spreading on trays until 

well dried. 

 

Chemical analysis 

 Samples of raw and boiled sorrel seeds 

were taken to the Biochemistry Laboratory, 

Department of Animal Science, Faculty of 

Agriculture, Ahmadu Bello Zaria, for chemical 

analysis. Dry matter, crude protein, ether 

extract, crude fibre and ash contents of the 

milled samples were determined using the 

method of (16). Protein was determined by 

Kjedahl procedure, ether extract was 

determined by subjecting the samples to 

petroleum ether extraction at 60-80  C using 

the soxhlet extraction apparatus. Dry matter of 

the samples was determined by oven drying at 

100   C over 12-hours. Crude fibre was 

determined by boiling the sample reflux in 

weak sulphuric acid (0.255N H2 SO4), then in a 

weak sodium hydroxide (0.312N NaOH) for 1 

hour. The residue which consists of cellulose, 

lignin and mineral matter was dried and 

weighed. The ash content was determined by 

igniting a weighed sample in a muffle furnace 

at 500  C. The Nitrogen free extract (NFE) 

was obtained by the difference after the 

percentages of the other fractions have been 

separated from 100%. 

 Metabolizable energy (ME) was calculated 

from the proximate composition data using the 

formula of (17); 

 ME (kcal/kg) = 37 x % CP + 81.1 x % EE + 

35.5 x % NFE 

 

Phyto-chemical analysis 

 Raw and boiled sorrel seeds were taken to 

the Biochemical Laboratory for phyto–

chemical analysis. 
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Determination of Phytates  
 The method used for phytate analysis was 

as described by (18).Two gram of Sorrel seed 

meal was weighed into a glass bottle. Fifty 

mililitres of 0.5N HCl was added and shaken 

on an orbital shaker at 2000rpm for about 3 

hours to ensure homogeneity and maximum 

extraction of the phytic acid. The extract 

obtained was filtered using filter paper. Twelve 

milliliter was taken and neutralized with 12ml 

of 10N NaOH and 20% Fecl3 solution was then 

added to the neutralized filtrate and then place 

in a boiling water bath for 15 minutes to 

precipitate ferric phytate. Then the solution 

was removed, cooled and centrifuged at 

700rpm for 7 minutes, and the supernatant 

discarded. The precipitate was then washed 

with 3mls of 0.17N HCl and transferred into a 

beaker. The precipitate was then heated in a 

water bath at 80  C for 10 minutes; and 10ml 

of 0.5N NaOH added to the precipitate in ferric 

hydroxide and then converted to Sodium 

phytate. The precipitate was washed with hot 

water and centrifuged at 700rpm for 7 minutes 

again. The supernatant was discarded and 

transferred into a beaker using 5ml hot distilled 

water. 1ml of concentrated H2S04 and 1.2 ml of 

60 % per Chloric acid were added to the 

residue (filtrate) and the mixture was digested 

on a hot plate to evaporate the acids. The 

residue from the perChloric acid was removed 

by strong heating on Bunsen burner. It was 

then cooled and 10-20 ml of distilled water 

was added and neutralized with 10N NaOH 

(pH 7). 

 

Determination of Tannin  
 The tannin of the raw and differently 

processed sorrel seeds was estimated using the 

method of (19). Tannin was determined using 

a slightly modified standard method described 

by (20). Two grams (2g) of the ground sample 

was defatted for 2 hours using a soxhlet 

apparatus. The residue was placed in an oven 

for 12 hours, retrieved and boiled at 100   C, 

with 300 ml of distilled water, diluted to 500ml 

in a standard volumetric flask and filtered 

through non-absorbent cotton wool. Volume  

of 25 ml of infusion was measured into a 2 

litre porcelain dish and titrate with 0.1N 

potassium permanganate (0.1N potassium 

permanganate against 0.1N oxalic acid) until 

the blue solution changed to green. A few 

drops of 0.1N oxalic acid=0.006235 was 

poured to obtain the amount of tannin in the 

sample, 0.1N oxalic acid =0.006235 tannin.  

 

Determination of Saponin 

 Ten gram ground sample was poured into 

a conical flask containing 100cm
3
 of 20 % 

aqueous ethanol and agitated with a magnetic 

stirrer for twelve hours at 55
o
C.The solution 

was filtered using Whatman number 1 filter 

paper and residue extracted with 200 cm
3
 of 20 

% aqueous ethanol. The extract was combined 

and reduced to about 40 cm
3 

under vacuum. 

The extract and 200 cm
3
 dethylether were 

transferred into a 250 cm
3 

respiratory funnel 

and shaken vigorously. The process of 

purification continued until a colourless 

aqueous extract was obtained. The pH of the 

remaining aqueous solution was adjusted to 4.5 

by adding 4 g NaCl, and the solution was then 

shaken successively with 60 cm
3 

and 30 cm
3 

portion of n-butanol. The butanoic extract was 

washed twice with 10 cm
3
 of 5 % aqueous 

sodium chloride and evaporated to dryness in a 

fume cupboard to give the saponin. The value 

obtained was expressed in percentage 

according to the procedure reported by (21). 

% Saponin =
                 

                
      

 

Statistical analysis 

 All data generated from the study were 

analysed using analysis of variance (ANOVA) 

using a General Linear Model (GLM) 

procedure of SAS (22) software package. The 

significant difference between treatment means 

was separated using Dunnett (23).  
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Table 1: Chemical composition of raw and boiled sorrel se  ed at different durations 

                                                                      Duration of boiled sorrel seed (minutes) 

Parameters (%) RSS 15 30 45 SEM LOS 

Dry Matter 93.50 90.55 90.40 90.15 1.78 NS 
Crude Protein 21.75d 27.88c 28.00b 29.22a 0.52 * 
Crude Fiber   6.50b 13.25a 12.80a 14.50a 1.86 * 

Ether Extract 26.79a 14.33b 12.10bc 10.45c 1.21 * 

Ash    5.74 6.18 5.30 5.47 0.22 NS 

Nitrogen Free Extract  39.22 38.36 41.80 40.36 0.98 NS 

abc
: means with different superscript on the same row differ significantly at p<0.05 

SEM: standard error of mean  LOS: level of significance   NS: not significant 

RSS: Raw sorrel seeds 

 

Table 2: Phyto-chemical Factors of Sorrel Seeds 

                                                               Duration of Boiled Sorrel Seeds (Minutes) 

Parameters (mg/100g) RSS 15 30 45 SEM LOS 

Phytic acid  0.26a 0.23b 0.19c 0.19c 0.10 * 

% Reduction in PCF ----- 11.53 26.92 26.92   
Tannin  3.15a 2.08b 1.9b 1.1c 0.28 * 
% Reduction in PCF ------ 33.97 39.70 65.08   

Saponin  8.66 8.39 7.7 7.65 0.36 NS 
% Reduction in PCF ------ 3.12 11.09 11.66   
abc

: means with different superscript on the same row differ significantly at p<0.05 

SEM: standard error of mean LOS: level of significance   NS: Not significant  

PCF: Phyto-chemical factors            RSS: Raw sorrel seeds 

 

Results and Discussion 

Chemical compositions of raw and boiled 

sorrel seeds 

 The result of the chemical composition of 

the raw and processed sorrel seed is shown in 

Table 1. The result showed that crude protein 

(CP) increased (21.75-29.22%) as the duration 

of boiling increased (0-45minutes). Similarly, 

crude fibre (CF) values of the boiled seeds 

were significantly (p<0.05) higher than the raw 

sorrel seeds. The values decreased from 15 – 

30 minutes (13.25-12.80%) but increased at 45 

minutes (14.50%) duration of boiling. The 

presence of an adequate level of fibre in the 

processed sorrel seed reveals that the seed can 

be utilized as a better source of fibre for 

animals. The ether extract (EE) levels of raw 

seeds (26.67%) was significantly (P<0.05) 

higher than the values for boiled sorrel seeds, 

though 45 minutes duration of boiling had the 

lowest value (10.45%).  The EE levels were 

within the range given by FAO (24). This is 

non-comparable with the report of (25) that 

higher level of EE in the boiled sorrel seeds 

could be attributed to the decrease in the non-

lipid component of the sorrel seeds during 

cooking. Ash and Nitrogen Free Extract (NFE) 

were not significantly affected (p>0.05) by the 

duration of boiling. The ash, NFE and CF 

values obtained in this study were slightly 

lower to the values reported by (26). The Ash 

value of 5.74% for raw seeds in this study 

agrees with the findings of (27) who reported 

that ash value for crushed seeds of sorrel 

ranged from 5.39-6.94%. The results here also 

showed that boiled seeds could also have high 
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NFE values as observed in 30 and 45 minutes 

duration of boiling. The result obtained in this 

study is in line with report of (28) who 

observed that the boiling, soaking or sprouting 

of sorrel seeds is accompanied by a significant 

increase in protein, fat and CF content while 

ash content is reduced. 

 

Phyto-chemical factors of sorrel seeds 

 Table 2 shows the effect of different 

duration of boiling on the anti-nutritional 

factors of sorrel seeds. All parameters 

measured in the raw seeds showed higher 

values of anti-nutrients as compared to boiled 

seeds. There were significant (p<0.05) effect 

on the level of phytic acid found in the sorrel 

seed boiled at different duration though the 

values decreased as the duration of boiling 

increased. The tannin level recorded for the 

raw seed (3.15mg/100mg) was significantly 

(p<0.05) higher when compared to tannin level 

recorded for sorrel seed boiled at 15, 30 and 45 

minutes (2.08, 1.9 and 1.1 mg/100mg), 

respectively.  (29) reported that tannins can 

inhibit the activities of rumen microbes.  

Tannins have been found to affect digestibility 

and therefore the rate of utilization of dietary 

nutrients in both ruminants (30) and non-

ruminants (31).  Saponin was also significantly 

(p>0.05) reduced by increased boiling 

durations (8.39, 7.7, 7.65 mg/100g).  

According to (32), ruminants can break down 

saponins but monogastric cannot. The 

decreases in the levels of these anti-nutrients 

indicate their non-appearance to a minimum 

level and rendering the diet appetizing for the 

animals to consume. The percentage reduction 

in tannin, phytic acid and saponin observed in 

sorrel seeds subjected to boiling, agreed with 

the report of (33 and 34) who observed that 

processing of leguminous seeds either by 

cooking, soaking, autoclaving, roasting or 

fermentation significantly improved the 

nutritional and functional properties of legume 

seeds.  (35) had also observed that most 

processing methods employed in improving 

the food value of non-conventional feedstuffs 

do not completely eliminate anti-nutritional 

factor substances but only reduce their 

concentration to tolerable levels in the 

feedstuff. (36) reported that if there are toxic 

elements in the feed, abnormalities in weights 

of liver and kidney would be observed. The 

abnormalities will arise because of increased 

metabolic rate of the organs in an attempt to 

reduce these toxic elements or anti-nutritional 

factors to non-toxic metabolites. 

 

Conclusion and Application 

1. It is concluded that boiling of sorrel seeds 

enhanced nutrient availability such as 

crude protein, crude fibre and ether extract. 

2. Processing (to inactivate phyto–chemicals) 

of sorrel seeds by boiling significantly 

improved the nutritional and functional 

properties of the seeds. 

 

References 

1. Adanlawo, I.G.  and Ajibade, V.A. (2006). 

Nutritive value of two varieties of rosella 

(Hibiscus sabdariffa) calyces soaked with 

wood ash. Pakistan Journal of Nutrition, 

5(6): 555-557. 

2. Tsai, P.J., McIntosh, J., Pearce, P., 

Camden, B. and Jordan, B.R. (2002). 

Anthocyanin and antioxidant capacity in 

roselle (Hibiscus Sabdariffa L.) extract. 

Food Research International, 35: 351-356.   

3. Ismail, A.E., Ikram, H. K. and Nazri, 

H.S.M. (2008). Roselle (Hibiscus 

sabdariffa L.) seeds. Nutritional 

composition, protein quality and health 

benefit, Food, 1 – 16. 

4. Dashak, D.A. and Nwanegbo, V. (2002). 

Chemical composition of the seeds of 

calyxes of Hibiscus sabdariffa grown in 

Jos North LGA of Plateau. Journal of 

Natural Sciences, 5: 32 – 34.  

5. Kwari, I.D., Igwebuike, J.U., Mohammed, 

I.D. and Diarra, S.S. (2011). Growth, 

Aliyu et al 



191 
 

haematology and serum biochemistry of 

broiler chickens fed raw or differently 

processed sorrel (Hibiscus sabdariffa) seed 

meal in a semi – arid environment. 

International Journal of Science and 

Nature, 2(1): 22 – 27. 

6. Abdu, S.B., Adegoke, T.F., Abdulrasheed, 

M., Duru, S., Yashim, S.M. and Jokthan, 

G.E. (2008). Effect of cooking duration on 

chemical composition of Roselle Seed. In: 

Bawa, G.S., Akpa, G.N., Jokthan, G.E., 

Kabir, M. and Abdu, S.B. (Editions) 13
th
 

Proceedings of the Animal Science 

Association of Nigeria (ASAN) at A.B.U 

Zaria, pp521 – 523. 

7. Nyameh, J., Ribanre, A.J., Alabi, J., 

Mufwa, B.J. and Gyau, A.M. (2012). 

Effect of Processing on the Performance 

and Carcass Yield of Broilers Fed 

Differently Processed Sorrel (Hibiscus 

sabdariffa). Journal of Agriculture and 

Veterinary Sciences, 4: 1-4. 

8. Maikano, M.A., Danlami, M.O., Idris, 

D.H., Suleiman, M.A., Nuhu, D.T. and 

Samuel, E.A. (2014).Effects of utilization 

of crushed, boiled and fermented Roselle 

seed (Hibiscus sabdariffa) on the 

performance of broiler chickens. British 

Biotechnology Journal, 4(1): 21 – 29. 

9. Dairo, F.A.S., Adeshinwa, T.A., 

Oluwasola, T. A. and Oluyemi, J.A. 

(2011). High and low dietary energy and 

protein levels for broiler chickens. African 

Journal of Agricultural Resource, 5(5): 

2030 – 2038. 

10. Keyembe, N.C. (2011). Germination as a 

processing technique for soybeans in small 

scale broiler farming, M. inst. Agrar 

Dissertation, University of Pretoria, South 

Africa. 

11. Soetan, K.O. and Oyewole, O. E. (2009). 

The need for adequate processing to 

reduce the anti – nutritional factors of 

plants used as human food and animal 

feeds. A review, African Journal of Food 

Science, 3(9): 223 – 232. 

12. Tewe, O.O. and Ologboho, A.D. (1986). 

An evaluation of raw and cooked whole 

soya bean for broilers. Nigerian Journal of 

Animal Production 13(1):107-111. 

13. Ovimaps. (2015). Ovi location map; Ovi 

earth imagery date; July 30
th
, 2015. 

14. Institute for Agricultural Research (2016). 

Meterological data. Meterological unit, 

Ahmadu Bello University, Zaria, Kaduna. 

Nigeria. 

15. Ari, M.M., Ayanwale B.A., Adama T.Z. 

and Olatunji E.A. (2012). Effect of 

Different Fermentation Methods on 

Growth Indices and Serum Profile of 

Broiler Chickens. Journal of Biology, 

Agriculture and Healthcare, 2(5):78-86. 

16. A.O.A.C. (2010). Association of 

Analytical Chemistry. Official Methods of 

Analysis, 18
th
 Edition, Washington, DC. 

USA. 

17. Van Soest, P.J., Robertson, J.B. and Lewis, 

B.A. (1991). Method for dietary fibre, 

Neutral detergent fibre and Non starch 

polysaccharides in relation to animal 

nutrition. Journal of Dairy Science, 7: 

3583-3597. 

18. Reddy, M.B. and Love, M. (1999). The 

impact of food processing on the 

nutritional quality of vitamins and 

minerals. Advanced Experimental Medical 

Biology, 459:99 – 106. 

19. Earp, C.F., Akinghala, J.O., Ring, S.H. and 

Rooney, L.W. (1981). Evaluation of 

several methods to determine tannin in 

sorghum with varying kernel 

characteristics. Cereal Chemistry, 2: 234 – 

238. 

20. Hudson, B.J and El – Difrawi, E.A. 

(1979). The sapogenins of the seeds of 

four lupin species. Journal of Agricultural 

Research 1(3): 11. 

21. Akinmutimi, A.H., (2001). Soaked and 

toasted Lima beans (Phaseolus lunatus) in 

broiler chickens diets: Effects on 

Aliyu et al 



192 
 

haematological parameters and blood 

chemistry. In: C.O. Ubosi, A. Kibon, I.D. 

Kwari, J.U. Igwebuike, I.D. Mohammed, 

N.K. Alade, F.I. Abbator and S.B. Adamu 

(Eds) 6th Annual Conference of the Animal 

Science Association of Nigeria, University 

of Maiduguri, Maiduguri Convocation 

Square, pp: 48-49. 

22. SAS, (2008). Statistical Analysis System/ 

SAS user’s guide, release 9.0 Edition Pub. 

SAS Institute Inc. SAS Circle, Gary, North 

Carolina, USA. 

23. Steel, R.G.D. and Torrie, J.H. (1998). 

“Principles and Procedures of Statistics. A 

Biometrical Approach” 2
nd

 Edition – 

McGraw Hill Company New York. Pp481. 

24. FAO (Food and Agriculture Organization) 

(1997). In: The Rabbit: Husbandry, Health 

and Production.  David Lubin Memorial 

Library cataloguing in publication data, 

pp. 205. 

25. Duwa, H., Oyawoye, E.O and Njidda, 

A.A. (2012). Effect of processing methods 

on the utilization of sorrel seed meal by 

broilers. Pakistan Journal of Nutrition, 

11(1): 38-46.  

26. Samy, J.C. (1999). Proximate analysis, In: 

Christie, B.R. (Ed). The Handbook of plant 

Science in Agriculture, CRC Press, Inc. 

BocaRaton, Flourida 

27. Ari, M.M., Ogah, D.M., Hassan, I.D., 

Musa-Azara, I.S., Yusuf, N.D. and Alu, 

S.E. (2013). Effect of utilization of 

crushed, boiled and fermented roselle 

seeds (Hibiscuss abdariffa L.) on the 

performance of broiler chickens. British 

Biotechnology Journal, 4(1): 4-11. 

www.sciencedomain.org.  

28. Abu El Gasim, Mohammed, A.Y., 

Mohammed, A. and Asma, A.A. (2008). 

Effect of soaking, sprouting and cooking 

on chemical composition, bioavailability 

of minerals and in vitro protein 

digestibility of roselle (Hibiscus sabdariffa 

L.) seed. Pakistan Journal of Nutrition, 

7(1): 50-56.  

29. Makkar, H.P.S and Becker,K. (1988). 

Moringa oleifera seed meal and proteins 

on rumen fermentation in-vitro.  Annual 

Report. Institute for Animal Production in 

the Tropics and Subtropics, University of 

Hohenheim, Stuttgart. Germany. 

30. Kumar, R. and Singh, B. (1984). Anti-

nutritional factors: role in ruminant 

nutrition. Journal of Agriculture and Food 

Chemistry, 32:447-453.   

31. Okai, D.B., Easter, R.A. and Frank, G.R. 

(1984). The nutritive value of some non-

conventional Ghanaian feed ingredients: 

Nutrient composition and effects on 

performance of weaning rats. World 

Review of Animal Production, 20:11-16. 

32. Ranjhan, S.K. (1999).Animal Nutrition and 

Feeding Practices, 5
th
edition. Vikas 

Publishing House Private Limited, New 

Delhi, India. pp 159-167. 

33. Yagoub, A. A. and Abdalla, A.A. (2007). 

Effect of domestic processing methods on 

chemical, in vitro digestibility of protein 

and starch and functional properties of 

bambara groundnut (Voandzeia 

subterranea) seed. Research Journal of 

Agriculture and Biological Sciences, 3:24-

34. 

34. Udensi, E.A., Onwuka G.I. and Okoli, 

E.G.  (2008). Effect of processing on the 

levels of some anti-nutritional factors in 

Mucuna utilis. Plant Products Research 

Journal, 8(1):1-6. 

35. Akinmutimi, A. H. (2004). Evaluation of 

sword bean (Canavalia gladiata) as an 

alternative feed resource for broiler 

chickens. Ph.D. Thesis, Department of 

Non-ruminant Animal Production, Michael 

Okpara University of Agriculture, 

Umudike, Nigeria. 

36. Bone, F. J. (1979). Anatomy and 

Physiology of Farm Animals. Prentice–

Hall, Inc., New Jersey, U.S.A. 

Aliyu et al 


