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The effects of fermentation on selected nutrients in the seed 

of the African locust-bean were investigated.  The protein content 

of the seeds declined from 50.1% of dry weight in the unfermented 

sample to 32.4% of dry weight in the fully fermented sample. 

Methionine, cystine, and tryptophan were the limiting amino acids 

in the African locust-bean seed protein:  the pattern of other 

essential amino acids was comparable to that of whole egg.  Fer- 

mentation was accompanied by a decrease in seven essential amino 

acids.  The riboflavin content of the seeds rose from 144.0 ug 

per 100 gm dry weight in the unfermented sample to 835.3 ug per 

100 gm dry weight in the fully fermented sample.  Thiamin content 

also increased with fermentation, from 31.3 up per 100 gm dry- 

weight in the unfermented sample to 99.0 ug in the partially 

fermented sample; the thiamin content decreased with extended 

fermentation. 

Thus, fermentation enhanced both the riboflavin and thiamin 



content of the African locust-bean seed.  Although there was some 

deterioration in protein quantity and quality, the fermented seed 

contains sufficient amounts of essential amino acids to supplement 

those provided by the staple cereal grains, if eaten in adequate 

amounts. 
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EFFECTS OF FERMENTATION ON THE THIAMIN, RIBOFLAVIN, AND AMINO ACID 

CONTENT OF AFRICAN LOCUST-BEAN (Parkia filicoidea Welw) SEEDS 

INTRODUCTION 

In many parts of the world today there is a shortage of die- 

tary protein, particularly of animal protein.  In Africa, feed for 

livestock is scarce, due to drought and peasant  agricultural 

practices.  As a result, animal protein is expensive and plants 

serve as the major source of dietary protein.  The protein of 

plant materials varies both in quantity and quality.  For example, 

the starchy tubers, such as cassava, contain little total protein. 

In regions where these tubers serve as dietary staples, protein 

malnutrition has been observed (18) .  On the other hand, where seeds 

serve as a dietary staple, the protein intake of the population is 

enhanced both in quantity and in quality.  This is particularly true 

of the oilseeds.  One oilseed that is both available and acceptable 

to Africans is the African locust-bean seed.  Analysis of the meal 

from the African locust-bean seed shows that it is similar to that 

of other oilseeds in essential nutrients (5, 6).  Thus, although 

limited in tryptophan and the sulfur-containing amino acids, it 

could make a major contribution to the African diet, if eaten in 

sufficient quantities. 

In Nigeria, the African locust-bean seed is commonly consumed 

in the fermented form.  It is not known whether or not the fermen- 

tation process alters the nutrient composition of the seed.  Fetuga 

et al. (5) were unable to show any change in digestibility or 

utilization of the bean protein as a result of fermentation. 



However, unpublished studies of Fetuga (7) suggest that the ribo- 

flavin content may be increased by the fermentation process.  The 

purpose of this study is to determine the effects of fermentation 

on the nutrient composition of the African locust-bean seed.  Three 

forms of the African locust-bean seed have been imported from 

Africa:  the raw seed, and the seed at two stages of fermentation. 

The cooked unfermented seed is compared to the fermented forms with 

respect to total protein., amino acid, thiamin, and ribo flavin 

content. 



REVIEW OF LITERATURE 

The African Locust Bean 

Description 

The African locust-bean (Parkia filicoidea Welw) is a spreading 

tree of medium size with compound leaves and numerous leaflets (5). 

The fruit consists of bunches of pods, 125-175 mm in length, con- 

taining a sweet yellow dry powdery pulp, in which are embedded 

several dark brown seeds.  The trees are found in the natural grass- 

land of the northern state and in the derived savannah zones of the 

western states of Nigeria. 

The dark brown oilseeds, popularly known in the western part of 

Nigeria as "Iru", have been found to be a good and cheap source of 

protein, although the protein quality is somewhat low.  Part of the 

fruit, including the pod, the mealy material, and the seeds, is 

recognized as valuable food for cattle and pigs.  The fermented 

seeds are used mainly as condiments and in soups in many parts of 

Nigeria and neighboring countries.  The seeds are sometimes boiled 

for 24 hours and made into cakes for pigs during the dry season 

when other proteins are scarce. 

The seeds of the African locust-bean are covered with a hard, 

leathery, brown-to-black coat which can be removed only by boiling 

and pounding or scrubbing with sand. In the fermented form, Parkia 

filicoidea is used as a component of soups. The amounts used will 

vary with the custom of the family or tribe. It is estimated that 

a pot of soup (approximately 5 quarts) may contain between 20 and 



100 grams of the fermented bean (1).  If the soup is shared among 

ten people, each serving should provide 2-10 grams of "Iru".  When 

soup is eaten twice daily,'the average daily consumption of the bean 

would range from 4 to 20 grams. 

Fermentation 

Two methods have been described for fermenting the African 

locust-bean seeds.  According to one method (1), the bean seeds are 

removed from the pod and sun-dried.  They are then cooked 4-6 hours 

until the brown-black leathery coats can be removed easily.  The 

seeds are put into a bowl of sand and rubbed until the testa, or 

coat, is removed.  Alternatively, they may be put in a mortar and 

pounded with a pestle until the coats come off (1).  The bean seeds 

are washed again and recooked for about 30 minutes.  They are then 

placed in basfcets^ oj? ^cks-, sea,led a,nd stacked in a, warm pla,ce 

X95Q r* 105oP) to ferment for 3^5 days, depending on the softness 

desired.  The bean seeds are then ready for use in cooking or they 

can be eaten as they are. 

According to the second method (1), the fresh beans are cooked 

for 10 hours in a new pot.  Seeds are tested for softness by press- 

ing them between the fingers.  When well-cooked, the seeds are put 

into cold water and pressed with clean feet until all of the testas 

are removed.  At this point, the seeds are drained in a perforated 

container and boiled for one more hour in fresh water.  They are 

then collected on a flat perforated plate, covered with sacdcs, and 

kept in a warm place for 30 hours, or as long as needed (up to 100 



hours) . The Africa.n locust^bean is fermented to two stages and both. 

fotfins are used, When fermented for a short time, the beans are 

softened but retain'theip structure.  Longer fermentation produces 

a, soft a.motphous product. 

During fermenta,tion, th.e bean seed© become gummy a,nd the color 

changes from ligfit brown to dark broym,  At this point, th.e bean 

seeds are ready for use as a condiment or in soup. 

Nutritional Value 

Fetuga et al. (5) reported the chemical composition of African 

locust-bean seeds in the raw and cooked form, with and without the 

testa (Table I).  It is clear that the testa contained most of the 

fibre and minerals of the whole seed.  Removal of the testa re- 

sulted in a product which was higher in energy, protein, phosphate, 

and magnesium, but lower in other minerals except iron. 

In Table II, the amino acid content of the locust-bean seed 

meal, in milligrams per gram of protein, is shown in comparison 

with that of other oilseed meals.  The amino acid composition of 

whole egg is included as a standard reference protein.  Compared 

with the protein of whole egg, the locust-bean protein contains 

less leucine, isoleucine, threonine, valine, and only half as much 

tryptophan and sulfur-containing amino acids.  It is a better source 

of lysine than the other oilseeds and thus might be useful in com- 

plementing cereal proteins. 

Fetuga et al. (5) conducted rat studies on the biological 

value of the African locust-bean protein.  Data from their paper 



Table 1.  Chemical composition (per kq dry matter) of different forms 

of the African locust-bean seeds. 

Constituent Raw Seeds Cooked seeds ' Cooked seeds Seed 
with testa without testa testa 

Gross 
energy(MJ) 

  
20.30 2 3.60 

  

Gross 
energy (r*. cal) 

  
4.85 5.65 

  

Crude 
protein(g) 303 299 425 102 

Diethyl ether 
extract(g) 196 192 246 16 

Crude 
fiber(g) 121 116 36 281 

Ash(g) 68 66 72 59 

Nitrogen free 
extract(g) 312 321 221 542 

Calcium(mg) 3730 3543 2043   

Phosphorus(mg) 2463 2392 3876   

Magnesium(mg) 3628 3611 3988   

Manganese(mg) 70 65 30   

Sodium(mg) 45 45 43   

Zinc(mg) 62 61 32   

Copper(mg) 80 76 72   

Iron(mg) 380 380 396   

Fetuga et al. (5) 



Table IT.  Protein and amino acid composition of the African locust^bean seed, whole hen's egg 
and other oilseed protein sources in coiration use. 

African locust- Groundnut 
bean meal meal 

Protein - percent 42. 5b 27.0C 

of dry weight 

Amino acids - 
mg/gm protein 
Arginine 66,6 123.0 
Histidine 29.9 30.4 
Isoleucine 36.0 35.8 
Leucine 69.0 70.9 
Lysine 66.8 39.0 
Methionine 6.1 9.1 
Cystine 19.2 11.4 
Phenylalanine 44.0 56.0 
Tyrosine 35.7 43.4 
Threonine 33.3 30.4 
Tryptophan 8.9 12.7 
Valine 41.6 42.7 

Alanine 45.0 41.9 
Aspartic acid 89.1 118.2 
Glutamic acid 174.4 211.2 
Glycine 45.4 63.0 
Proline 54.7 50.6 
Serine 49.8 53.3 

^ x 6.25 

Fetuga et a,l. (5) 

Qashew 
nut meal 

T 

18.8 

107,0 
20.6 
38 
65 
40 
14 
17 
38 
23 
31.0 
13.7 
58.0 

37.0 
92.0 

187.4 
46.0 
37.2 
47.6 

Soya^-bean 
meal 

41.0 
c 

Cotton Whole 
seed ineal J egg 

184.0 
45.2 
52.0 
53.2 

21.9 

74.3 123.7 
23.5 31.3 
41.1 34.6 
78.1 65.3 
61.0 48.9 
13.5 12.7 
16.2 12.2 
55.0 56.9 
35.4 31.7 
38.0 35.9 
12.6 13.8 
52.4 49.0 

46.1 42.4 
14.1 98.4 

213.4 
45.6 
46.0 
51.6 

47.7 

61.0 
24.3 
62.9 
88.2 
69.8 
33.6 
24, 
56. 
41. 
51. 
16. 

.3 

.3 

.6 
,2 
.2 

68.5 

59.2 
90.2 

127.4 
33.1 
41.6 
76.5 

"FAO;     Nutritional   Studies No.   24(4) 
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are presented in Table III.  Protein intake on all of the unsupple- 

mented bean diets was low compared with that on the egg diet.  Di- 

gestibility of the bean protein, while grossly inferior to that of 

egg, was improved by removal of the testa but not by cooking or by 

fermentation.  However, none of the unsupplemented bean diets sup- 

ported growth of rats and the net protein utilization was less than 

one-third that obtained with egg protein.  On the other hand, when 

the African locust-bean seed was supplemented with methionine and 

tryptophan, the two most limiting amino acids, the protein value 

approached that of egg. 

Except for phosphorus and zinc, the mineral content of the 

African locust-bean seed compares favorably with that of other oil 

seeds (Table IV).  The seeds are an especially good source of iron 

and copper. 

The vitamin content of Parkia biglobosa,  another species of 

African locust-bean, taken from the Food Composition Table for Use 

in Africa (3), is presented in Table V.  Values have been adjusted 

to zero percent moisture for comparison purposes.  The dried locust- 

bean seed appears to have less thiamin and more niacin than does 

soybean.  Fermentation of the locust-bean seed produced a seven-fold 

reduction in thiamin and a complete loss of ascorbic acid.  No ribo- 

flavin values were reported for the fermented bean seed.  However, 

the riboflavin content of bean cake made from the fermented seeds was 

three times that of the dried unfermented bean.  These effects of 

fermentation on the water-soluble vitamins were also noted by Van 

Veen and Steinkrauss (19).  They reported that the riboflavin of 



Table III, Protein quality" of African Iqcugtrbean seed^ as modified by processing and amino 
acid supplementation. 

Constituent 
Supplement 
g/kg 

Wt, gained 
in 10 days 

Protein intake 
in 10 days NPU BV* 

Apparent 
digestibility rate 

Egg 19,9 5.16 0.940 0,974 o.93 

Raw beans 
with testa -r.- rv7,7 1.95 0,187 0.246 0.68 

Raw beans 
without testa ..-., r.5.9 2,79 0,222 0.278 0.72 

Cooked beans 
with testa -„- ^7,6 2.47 0,248 0.336 0.67 

Cooked beans 
without testa   ^3,8 3.32 0.328 0.392 0.74 

Fermented 
beans   ^7.7 2.27 0,272 0.315 0.73 

Cooked beans 2.5 Met 
with testa 0.8 Try 14.3 5,17 0.474 0.604 0.69 

Cooked beans 2.5  Met 
without testa 0.8 Try 20.1   5,81 0,654 0.734 0.74 

>.»»»tH4»»4l>»»i ■■»■■» ^ ^--^ i i '■■■^■■■'t-* «•)<•■■ . 

Data from a rat study by Fetuga et al,C51 

Net protein utilization 

'Biological value 



Table IV.  Mineral content of African locust-bean seeds compared with that of other oilseeds 
(mg/lOOg dry weight). 

Minerals 
I  Locust-bean 
i  cooked w/o testa 

Cashev t 
nut kernel 

Peanut 
roasted w/o skin 

Cotton 
seed meal 

Soy 
, c 

meal 

Calcium 204.3 

Phosphorus 387.6 

Magnesium 398.8 

Manganese 3.0 

Sodium 4.3 

Zinc 3.2 

Copper 7.2 

Iron 39.6 

40 

880 

280 

2 

5 

4 

2 

8 

74 

401 

2.1 

180 1   220 
j 

1240 i   590 

600 ;   240 

2.3 1     3-2 

44 i   380 

3.5 
1 
1     7-2 

1.8 i     1.2 

7 8.1 

Fetuga et al.(5) 

Roach et al. (36) 

"Woodroof(21) 

Markley(]2) 
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Table V.  Vitamin content of Parkia biglobosa (Jacq.) Benth» com- 

pared with  that of  soybean !mg/100g dry weight' . 

Vitamins Parkia  biglobosa Soybeans 
fermented Cake   from 

Dry bean beans fermented beans dried 

Thiamin 0.32 0.046 0.047 0.78 

Riboflavin 0.22 0.72 0.28 

Niacin 3.2 2.4 1.64 2.21 

Ascorbic 6.5 0 2.3   
acid 

FAO (3) 

A species of African locust-bean 
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tempeh, a fermented soybean product, was more than double that of 

the unfermented soybean, while the thiamin content was reduced to 

half. 

Fermentation is widely used in many parts of the world as a 

method of preservation and to improve the flavor of certain plant 

foods.  Fermented beans and seeds, such as soybeans, gram, cacao 

beans, and African locust-bean seeds, contribute calories, protein, 

and other nutrients to the diet.  It is, therefore, a matter of 

particular interest to determine the effect of the fermentation 

process on nutrient quantity and availability. 
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MATERIALS AND METHODS 

Sources of samples 

Three forms of the African locust-bean seed (Parkia filicoidea 

Welw) were analyzed in this study:  the unfermented bean (A), the 

bean seeds that had been fermented to an intermediate stage (B), and 

the bean seeds that had been fermented to an advanced stage (C).  All 

three forms were obtained in the western part of Nigeria where they 

are commonly-used food products.  Ten pounds of raw locust-bean seeds 

and two pounds each of the fermented beans were shipped from Nigeria 

to Oregon.  The fermented products were wrapped in large leaves, 

sealed in a plastic carton, and sent via airmail.  They arrived ten 

days later and were held at -20"C for two weeks until the samples 

could be prepared for analysis. 

Preparation of samples 

The three forms of locust-bean seeds were made into slurries. 

Proportions of water used in sample preparation are approximate 

because the nutrient data are presented in terms of the moisture-free 

products. 

Raw beans were covered with water and autoclaved at 250oF and 

15 lb for one hour.  The testas were removed by friction and flotation. 

A 530 gm sample of the cooked unfermented beans was blended with 800 ml 

redistilled water in an Osterizer .  The fermented beans, B, were 

blended with redistilled water in the proportions of 850 ml to 522 gm. 

One litre of redistilled water was used to blend 522 gm of the 

Oster Corporation, Milwaukee, Wisconsin 5 3217. 
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fermented bean seeds, C. 

All of the bean slurries were analyzed for moisture.  An aliquot 

of each was dried at 90"C and 20 mm Hg in a vacuum oven for 7 hr and 

stored in a dark bottle at 4.50C.  The remaining portions of the 

moist slurries were bottled and stored at -200C.  The initial plan 

was to perform all analyses on the dried samples.  However, pre- 

liminary investigations indicated that thiamin was substantially 

decreased by drying in a vacuum oven.  There was also the possibility 

that the amino acid profile would be altered by Maillard browning. 

Therefore, the dried bean preparations were used for the determina- 

tion of total nitrogen and riboflavin while the moist samples were 

reserved for thiamin and amino acid analyses.  All analyses were 

performed in duplicate and replicated thrice. 

Moisture determination 

The procedure for moisture determination followed that outlined 

for animal feeds in the AOAC Official Methods of Analysis  (2) . 

Aliquot of the cooked unfermented seeds without testa, and the two 

fermented samples, weighing 2 gm, were dried at 900C and 20 mm Hg in 

a vacuum oven until constant weights were obtained.  The precentage 

moisture was calculated from the weight loss of the sample. 

Determination of total nitrogen 

The nitrogen content of the dried samples was determined by the 

micro-Kjeldahl method  (13). According to this method, sulfuric 

acid hydrolyzes the organic compounds, oxidizes the hydrogen- 

and carbon-containing compounds, and converts the nitrogen to ammon- 
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ium sulfate.  The ammonia is then displaced by alkali and distilled 

by steam into boric acid.  Ammonia is determined by titration with 

standardized hydrochloric acid.  The nitrogen content was converted 

to protein by a factor of 6.25 which is appropriate for most legumes 

(20).  The protein content was expressed as percent of dry sample. 

Determination of riboflavin 

The riboflavin content of the dried bean samples was determined 

by the fluorometric method described by Freed  (9) • According to 

this method, riboflavin is extracted by autoclaving the sample in 

acid, interfering impurities are removed by precipitation, and the 

riboflavin is oxidized to the fluorescent form by KMnO   Activation 

and fluorescence maxima of riboflavin are 440 and 565 nm, respec- 

tively, and the fluorescence is proportional to the concentration of 

riboflavin.  Since reduced riboflavin is not fluorescent, the ribo'- 

flavin is determined as the difference between the fluorescence 

before and after reduction with sodium hydrosulfite.  The procedure 

is carried out in subdued light to prevent destruction of the vita- 

min by ultraviolet rays.  Five grams of the dried sample A were used 

for analysis.  Only 2.5 gm each of the dried fermented samples (B 

and C) were used because preliminary studies indicated that the fer- 

mented products had a higher concentration of this vitamin.  Ribo- 

flavin was expressed as ug/100 gm dry sample. 

Determination of thiamin 

The thiamin content of the moist bean slurries was deter- 

mined by a modification of the thiochrome method (9).  This is 
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based on the oxidation of thiamin to thiochrome, which fluoresces 

in ultraviolet light.  Thiamin compounds are extracted in acid and 

free thiamin is released enzymatically.  The vitamin is purified by 

treatment with an adsorbent which retains thiamin but not other 

fluorescing impurities.  Following elution from the adsorbent, thia- 

min is oxidized to thiochrome which is extracted with isobutanol and 

its fluorescence measured in a fluorometer .  Fluorescence is pro- 

portional to the thiochrome present and hence to the thiamin origi- 

nally in solution.  The following modifications were made in the 

procedure: 

1. To compensate for the water in the moist samples, and to 

obtain a final pH of 5.0, extraction was accomplished with 0.2N HCl 

instead of 0.1N HCl. 

2. The volume of enzyme solution was doubled to facilitate 

complete conversion of bound thiamin to its free form. 

3. In the preparation of sample blanks, 7 drops of concentrated 

HCl, instead of 1 drop, were added to each cuvette before the fluor- 

escence of the thiochrome and other interfering agents was suffi- 

ciently quenched. 

Thiamin concentration was expressed as ug/100 gm dry sample. 

Amino acid analysis 

The amino acid content of the moist bean samples (except for 

tryptophan) was analyzed by the column chromatographic method of 

Aminco Bowman spectrophotofluorometer, American Instrument Co., 
Inc., Silver Springs, Maryland. 
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Spackman, Stein, and Moore (17). Free amino acids are separated 

on a resin column, eluted with appropriate buffers, and determined 

colorimetrically by reaction with ninhydrin. 

The moist samples were weighed, vacuum-sealed in ampuls, and 

hydrolyzed for 22 hr at 110oC with 6M HC1 .  The samples were 

brought to a volume of 2 ml and filtered.  The hydrolysates were 

2 
analyzed with the Beckman Model 116 Amino Acid Analyzer .  Two 0.9 x 

56 cm columns packed with UR30 resin were used; one for the acidic 

and one for the basic amino acids.  Sodium citrate buffers (0.2N) at 

pH 3.25 and pH 4.30 were used to elute the acidic amino acids.  A 

1.0 N sodium citrate buffer at pH 6.4 was used to elute the basic 

amino acids.  The buffer flow rate was maintained at 68 ml/hr at 

3 
55.5°C.  Norleucine was used as an internal standard .  Areas under 

the curves were determined by triangulation and amino acid concen- 

trations were calculated by reference to a standard solution of pure 

amino acids. 

The tryptophan content of the moist slurries was determined by 

the method of Hugli and Moore  (11).   The weighed samples were 

vacuum-sealed in ampuls and hydrolyzed with 5N NaOH for 16 hr at 

110°C.  The hydrolysates were made up to 5 ml, filtered, and ana- 

lyzed with the Beckman Model 116 Amino Acid Analyzer.  For trypto- 

phan, a column (0.9 x 8 cm) packed with PA 35 resin was used.  Tryp- 

The assistance of Dr. R.R. Becker and associates is gratefully 
acknowledged. 

2 
Beckman Instruments, Inc., Fullerton, California. 

3 
The assistance of Dr. J. Leklem is gratefully acknowledged. 
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tophan was eluted with a 0.20 N sodium citrate buffer at pH 5.4.  The 

buffer flow rate was maintained at 50 ml/hr at 520C.  Tryptophan 

concentrations were calculated as described for other amino acids. 

The amino acid content of the samples was expressed as mg/gm 

protein. 

Statistical treatment 

Means and standard deviations of the three replicate analyses 

of each nutrient were determined for each bean sample.  Student's 

t^ test was performed to determine significant differences between 

the means for Samples A and B, A and C, B and C, at the 1% and 5% 

levels of significance. 



19 

RESULTS AND DISCUSSION 

Selected nutrients were determined in three forms of the African 

locust-bean seed (Parkia filicoidea) : the unfermented cooked seed 

without testa (Sample A), the partially fermented seed (Sample B), 

and the fully fermented seed (Sample C).  The analytical results 

are presented as the means and standard deviations of three repli- 

cate analyses, determined in duplicate.  The t values, obtained in 

testing for significant differences between samples, are shown in 

Appendix Table i. 

The mean values for protein and amino acids in the three forms 

of African locust-bean seeds are presented in Table VI.  Total 

protein (N x 6.25) of the unfermented seed averaged 50.1 gm/100 gm 

dry weight.  This is higher than the 42.5% reported by Fetuga et al. 

(5) and shown in Table II.  The protein content of the fermented 

seeds (Samples B and C) was significantly lower than that of the 

unfermented seed (p < 0.01), suggesting that the fermenting micro- 

organisms used protein for growth.  A similar decrease in protein 

with fermentation is evident from data recorded for another species 

of African locust-bean seed, Parkia biglobosa  (3). 

The amino acid pattern of the unfermented seed (Sample A)is 

similar to that reported by Fetuga et al. (Table II).  Calculated 

as milligrams per gram of protein, the values shown in Table VI are 

slightly higher than those of Fetuga et al.  When the amino acid 

pattern of the locust-bean seed is compared with that of egg protein 

as a standard, the sulfur-containing amino acids are most limiting 
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Table VI.     Mean protein and amino acid content of unfermerited and 
fermented African locust-bean seeds. 

Unfermented 
cooked - A 

Partially 
fermented - B 

Fully 
fermented - C 

Protein-percent of 
dry weight 50.1bC +0.4 33.6 +0.5 32.4 +0.7 

Amino acids-mg/gm 
protein 

Arginine 65.6C +0.9 . 58.2 + 2.0 48.8 +1.3 
Histidine 25.7 + 1.8 31.6 + 3.7 27.2 +2.3 
Isoleucine 
Leucine 

55.7^ 
86.2bC 

+1.7 
+ 1.3 

57.5 
68.1 

+5.5 
+ 3.5 

41.8 
72.9 

+4.3 
+1.0 

Lysine 58.5 +1.4 57.6 +0.4 66.5 +4.7 

Methionine 
Cystine 
Phenylalanine 
Tyrosine 
Threonine 

13.7, 
10.9bC 

64.4 
52.7^ 
41.6 

+0.4 
+0.5 ; 
+0.8 ; 
+1.6 ; 
+0.2 ; 

16.4 +1.8 
trace 

46.4 +1.6 
45.8 +2.2  \ 
30.2 +1.5  ; 

17.8  +2.6 
trace 

47.1 +4.5 
44.8 +2.7 
27.2 +2.3 

Tryptophan 
Valine 

11.3, 
71.6b 

+0.4 ; 
+1.0 ; 

11.5 
46.2 

+0.5  ; 
+2.1  ; 

10.2 
51.2 

+0.2 
+5.2 

Alanine 
Aspartic acid : 
Glutamic acid i 
Glycine 

61.3 
114.7** 
245.2bC 

51.0b' 

+0.7 ; 
+1.1 ; 
+1.3 ; 
+1.1 ; 

58.4 
89.4 

196.7 
37.6 

+1.3  \ 
+4.3  ; 
+4.0  \ 
+1.4  ; 

51.4 
92.9 
176.9 
37.0 

+6.8 
+6.5 
+ 3.2 
+ 3.2 

Proline 
Serine       j 

48. 3,, 
62.1bc 

+0.9 ; 
+0.2 ; 

54.1 
27.5 

+4.6  • 
+1.5  ; 

53.2 
35.3 

+1.7 
+2.6 

N x 6.25 

A significantly different from B (p<0.01) 

'A significantly different from C (p-<0.01) 
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and tryptophan is the second most limiting amino acid.  This obser- 

vation is confirmed by the report of Fetuga et al. (5) that the 

biological value of African locust-bean seed was greatly enhanced 

by the addition of methionine and tryptophan to the ration (Table 

III) . 

More than half of the amino acids showed some loss as a result 

of fermentation but the extended fermentation did not produce signi- 

ficant further loss of most amino acids.  Except for arginine and 

glutamic acid, the values for Sample C were not significantly lower 

than those for Sample B.  The essential amino acids cystihe, 

leucine, phenylalanine, threonine, and valine were significantly 

lower in the fermented samples (B or C) than in the unfermented seeds 

(Sample A).  Fermentation resulted in an almost complete loss of 

cystine.  The methionine, threonine and tryptophan pf the fermented 

locust-bean protein averaged only 41%, 53%, and 63% of the amounts 

in egg protein.  Although methionine appeared to be higher in the 

fermented seeds, the loss of cystine during fermentation probably 

accounts for the lower biological value of the fermented locust-bean 

seed, as reported by Fetuga et al. (Table III).  On the other hand, 

lysine was present in amounts adequate to supplement the proteins 

of cereal grains. 

The moisture, thiamin, and riboflavin content of the three forms 

of African locust-bean seeds are shown in Table VII.  The unfermented 

seeds had much less thiamin than has been reported for the Parkia 

biglobosa species (Table V).  However, the thiamin content increased 

with fermentation; thiamin in Samples B and C was significantly 
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Table VII. Mean percent moisture, thiamin, and riboflavin content 
of unfermented and fermented African locust-bean seeds 
(uq/100 gm dry weight). 

Unfermented Partially Fully 
cooked - A fermented - B fermen ted   -  C 

Moisture 59.19     +0.4 51.9b       +0.1 54.9 +0.2 

Thiamin 31.3a     +2.8 99.0b       +2.6 55.9 +4.0 

Riboflavin 144.0°     +0.0 257.7d       +4.2 835.3 +4.0 

A significantly different from B or C (p <0.01) 

B significantly different from C (p<0.01) 

'A significantly different from B or C (p<0.001) 

B significantly different from C (p <0.001) 
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greater than in Sample A (p < 0.01).  This finding is at odds with 

other reports that fermentation of beans and seeds is associated with 

a decrease in thiamin (3, 19).  Sample C, the fully fermented prepar- 

ation, had significantly less thiamin (p <0.01) than did Sample B, 

the partially fermented seed.  There are several possible explanations 

for the thiamin data:  (1) the three samples, although derived from 

the same species, did not come from the same batch of locust-bean 

seeds, (2) thiamin in Sample C may have been oxidized during 

preparation and analysis of the slurries, and (3) thiamin-synthe- 

sizing organisms may have been involved in the initial fermentation 

process but some of the vitamin may have been destroyed by the 

extended fermentation. 

In contrast to thiamin, the riboflavin content of the seeds 

showed a steady rise as fermentation proceeded (Table VII).  In the 

partially fermented seed, the riboflavin was double that of the 

unfermented seed; riboflavin in the fully fermented sample had in- 

creased by a factor of seven.  These differences were highly signi- 

ficant (p< 0.001).  The increase in riboflavin with fermentation was 

predicted by Dr. Fetuga (7) and similar findings have been reported 

for other seeds and beans (19).  Fetuga (7) suggested that riboflavin- 

synthesizing organisms could be involved in the fermentation process. 

In the present study, an attempt was made to identify some of the 

characteristics of the fermenting organisms .  Aerobic cultures of 

material from Sample C showed some gram-positive cocci and mixed 

The assistance of Mrs. Sook-ja Ro is greatly appreciated. 
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colonies of gram-negative and gram-positive rods.  In the anaerobic 

cultures, yeast and mold growth predominated.  Due to limited time 

and expertise, the investigation was not pursued.  Nevertheless, it 

is recognized that further study and identification of the riboflavin- 

synthesizing organisms would be profitable. 

In Nigeria, the African locust-bean seed is normally consumed 

in the fermented form as a component of soups or as a condiment. 

Assuming a moisture content of 50%, a daily intake of 20 gm would 

be equivalent to 10.0 gm, dry weight.  This amount would supply 

approximately 3.3 gm protein and 83.5 ug riboflavin, or about one- 

twentieth of the recommended dietary allowances (8) of these 

nutrients for an adult. 

Although the African locust-bean seed is deficient in sulfur- 

containing amino acids and tryptophan, it has sufficient lysine to 

complement the amino acids of grains that are staple protein foods 

in Nigeria.  The thiamin contribution of the locust-bean seed is 

negligible, at best.  However, thiamin is usually adequately 

supplied by whole grains, leafy vegetables, and fruits in the 

Nigerian diet.  It is concluded that the fermented African locust- 

bean seed is a nutritious adjunct to the native diet and that its 

use should be encouraged. 
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SUMMARY 

The nitrogen, amino acid, thiamin, and riboflavin content of 

fermented and unfermented seeds of the African locust-bean (Parkia 

filicoidea) were determined.  Three forms of the seed were ob- 

tained from Nigeria:  the raw unfermented seed, a partially fermen- 

ted product, and a fully fermented preparation.  Before analysis, the 

raw seed was cooked and stripped of its coating.  Moisture in the 

three samples ranged from 51.9% to 58.1%.  The analyzed nutrient 

content was computed on the basis of dry weight.  All analyses 

were performed in duplicate and replicated three times. 

The protein, computed as 6.25 x nitrogen, constituted 50.1% of 

the dry weight of the unfermented bean seed.  Protein was signifi- 

cantly lower in the fermented samples (p<0.01).  In the partially 

fermented product, protein averaged 33.6% of dry weight; the fully 

fermented sample had 32.4% protein.  The essential amino acid pattern 

of the" unfermented seed was comparable to that of egg protein, with 

the exception of the sulfur-contai.ning amino acids and tryptophan. 

Fermentation produced a significant decrease in five of eight essen- 

tial amino acids: particularly noteworthy was the almost complete 

loss of cystine.  The methionine, threonine, and tryptophan of the 

fermented locust-bean protein averaged only 41%, 53%, and 63% of 

the amounts in egg protein. 

The unfermented seed contained only 31.3 ug thiamin per 100 gm 

dry weight.  Both of the fermented samples had significantly more 

thiamin (p <0.01) than did the unfermented seed.  However, the thia- 

min of the partially fermented product (99.0 ug) was greater than 
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that of the fully fermented sample (55.9 ug) .  The riboflavin con- 

tent of the seeds was increased dramatically by fermentation.  The 

unfermented, partially fermented, and fully fermented samples con- 

tained, respectively, 144.0, 257.7, and 835.3 ug riboflavin per 100 

gm dry weight. 

The findings suggest that the fermenting microorgainsms util- 

ize the seed protein for growth and that they synthesize both ribo- 

flavin and thiamin.  It is concluded that, consumed in adequate 

quantities, the fermented seed of the African locust-bean can con- 

tribute riboflavin to the Nigerian diet and serve as a complementary 

protein to the cereal grains. 
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Table  i.     Statistical  t_    test   for all  analyses of the African 
locust-bean seeds. 
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t values t values t values 
between A and B between A and C between B and C 

Moisture 18.0 10.0 -15.0 
Total protein 28.0 21.5 1.4 
Thiamine 17.7 5.0 9.1 
Riboflavin 27.3 171.1 -99.6 
Arginine 3.3 10.8 3.9 
Histidine -1.5 -0.5 1.0 
Isoleucine -0.3 3.0 2.3 
Leucine 4.8 8.0 -1.3 
Lysine 0.6 -1.6 -1.9 
Methionine -0.5 -1.4 -1.6 
Cystine — — — 
Phenylalanine -0.2 10.2 3.8 
Tyrosine 0.3 2.6 2.5 
Threonine 1.1 7.8 6.2 
Tryptophan 2.4 -0.3 2.0 
Valine -1.0 11.0 3.7 
Alanine 1.0 1.9 1.5 
Aspartic acid -0.5 5.8 3.3 
Glutamic acid 3.9 11.6 20.1 
Glycine 0.2 7.6 4.2 
Proline 0.2 -1.2 2.5 
Serine 0.7 16.8 10.3 

degrees  of  freedom =   (3+3) 

Vos = 2-776 

Voi = 4-604 

Vooi = 8-61 


