Research Report

PRODUCTION AND EVALUATION OF COWPEA TEMPE POWDER

A

by

A. HAYFORD

Y.

C

—



This work was part of the Applied Research and
Training on Tempe, held at the Nutrition Research
and Development Centre, Bogor, Indonesia, July
1 - November 13, 1986, under the supervisiong of

Srikandi Fardiaz, PhD.

MO VL REESNSTIRN S NN




PRODUCTION AND EVALUATION OF COWPEA TEMPE POWDER
by

A. Hayford

~ Abstract

.égﬁpea tempe'powder produced had a greyish color, compared with
the creamy white color of cowpea flour. There tere ﬁ; marked changes
in proximate composition of the various steps during processing. Crude
protein remain fairly constant, ash and fibre contents reduced, éxcept
for a slight increase in fibre after fermentation, which was a result
of the mold fermentation.
Antinutritive factors were greatly reduced during processing, a percen-
tage lose of 917 in trypsin inﬁibitor 60% in phytic acid, and 84% in
tannin (Tannic acid). ipufin; prbcessing of tempe powder -heavy }6sses
were observed in vitamins, 87% loss in thiamine and 947 loss in niacin
before fermentation. However, after fermentation, there were slight
ifcreases. Thiamine 2 times and niacin 8 times the amount of unfer-
mented déﬁqlled soaked beans. Biscuits made from cowpea tempe flour
was highly acceptable than that from cowpea flour which, although

highly rated for appéarance'and color panelist complained of hardness

in texture and a strong beany flavour.




Introduction

World hunger and food scarcity accentuated by unequal distribut-
ion systems have stimulated increése in research and development of
relevant appropriate tgéhnologies for new protein sources.

For millions of people in developing countries in areas of tro- .
pics and subtropics, where more than half the worlds population is
concentrated, edible legumes including pulses ana beans are their main
source of dietary protein. Legumes, because of their ability to fix
atmospheric nitrogen, are very high in protein.

In countries such as Ghana the use of legtmes as a cheap protein
food is constantly stressed in nutrition extension programmes. Cowpeas,
commonly referred to in Ghana as beans, are the most popular of the le-
guminous grains used in Ghana and their economic value has long since
been recognized as a subsidary crop to be relied on during the "hungry
season" (Aykroyd and Doughty, 1964 as cited by Dovlo et al., 1976).

Its protein content (20-25%) makes it important nutritional booster to
relatively low protein cereal diets consumed in Ghana and Africa on the
whole. Traditionally (Ghana) cowpeas grains are processed into a flour
by scaking, hand dehulling, dried and ground into a flour. To combact
labour in-domestic bfoduction as well as maximizing extensive use of
the beans the cowpeas flodr is presently in the introduéting stage
being mechanically developed by food Research Institute, Ghana. Various
recipes have been developed (Dovlo et al., 1976, Randolph et al.,1981)
to encourage its consumption in order to enhance the nutritional status

of the Ghanaian people.
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Despite the high quality protein of legumes, most are unavailable
or unutilized bj the body because of the way they are processéd'before
consumption. Most beans contain antinutritive factors, and unless
cooked, boiled,soaked or ferménted, tbese factors will not be halted.
Thus the body is deprived of many important nutrients.' In the light
of nutrition, attempts have been made to increase the digestability of
cowpeas by protein supplemenfation with other - sulphur - containing
amino acids legumes (Akpapunaw and Markakis, 1981) and also processing
cowpeas by ngtural fermentation (Zomora and Fields, 1979) and by fer-

mentation using a specific microorganism Rhizopus oligosporus and other

species(Djurt@ft and Jensen, 1977, Omotala, 1984) into a product known
as tempe. The world tempe is a collective name for a food product which
is- fermented by Rhizopus species (Koswan and Hesseltine, 1979). It is
usually made from legumes ;nd it has been found from worker all over

the world to be of higher protein quality and highef digestability over
their respective unfermented legumes.

The unique mould fermentation apparently improves the digestabili-
ty, the pfotein_efficiency ratio and the vitamin contént of the soybeans,
and contributés a pleasant flavour to this food. In the light of this,
the desire to compare the traditional way (Ghana) of processing cowpéa
for consumpti;n in Ghana and that of cowpea tempe processing, with the
utimate hope that, one dé§ Ghanaians will adopt that technology because

of its good benefits.




Objective

1. The objective of this project is aimed at compairing the traditio-
nal processing of cowpeas in Ghana and that of cowpea tempe pro-
cessiné.

2. It is aimed at improvigg,the Ghanaian diet as well as introducing
tempe in the diet of Ghanaianms. ©

3. Cowpea was chosen in this project because of its high consumption
and availability as against soybeans which are unavailable.

4. Tempe in the powder form was chosen as the form in which to be
introduced, because from personal experience the acceptability of
the raw form would be difficult..

5. Cowpea temée flour (powder) can be easily replaced for cowpea flour
in the,various recipes developed. In this form the use will be
exetensive as oppose the raw tempe.

6. The ultimate objecﬁive is.aimed at introducing the technique of tem-

pe preparation in Ghana.

Literature Review

Tempe‘also known as tempe kedele and tempe is a popular Indonesian
food generally made from soybeans fermented by Rhizopus species. It is
a highly nutritious food and for that matter many workers all over the
world have_shown a lot of much iﬁterest and as such have suggested as a
possible source of protein for developing countries.

Murata et al. (1967) in the study of the nutritive value of tempe,

observed no large differences in crude protein content and that of non-
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fermented soybeans, however freg amino acid were increased during fer-
mentation. The ‘amount of different. free amino acids in the palatable
tempe was from 1 tb 85 times as much as that of unfermented soybeans.
Riboflavin, vitamin B6, nicotonic acid and paﬁhothenic acid were in-
creased during fermentation although thiamine was little aitered.
Changes in riboflavin, nicotinic acid and vitamin B12 were alsé found
by Steinkraus et al. (1961). In his study pantothenic was shown to be
decreased.

It has also been observed that during 72 hrs fermentation lipolytic
activities occured, hydrolyzing over one-third of the nutrient fat
(Wagenknecht et al., 1961). Of the fatty acids liberated during fer-
mentation only linolenic acid showed a depletion of 40%, and there was
apparently ﬁo preferetial utilization of any particular fatty acid.
Decrease of linolenic acid including free linolenic acid was also ob-
served by Murata et al. (1967), however, changes in olenic and lino-
leic acids were not necessarily consistent with those reported by
Wagenknecht et al. (1967).

In a study by Gyorgy et al. (1964) it was observed that tempe
had antioxidant activities not demonstrated by original soybeans. The
active substances were identified as geristein, daidzien, and 6,7,4
trihydroxyisoflavone (factor 2). These substances present in bound,
inactive form in soybeans, however the last named compound has not
been isolated from natural sources.

Steinkraus, et al. (1961) determined peroxide value on the lipids
“\
extracted with others from samples of soybeans, and tempe which has
been dried, pulverized and stored for several months at room tempera-

ture, he observed that the peroxide numbers from tempe samples ranged




frqm 0 to 1.1 while that of soybeans handled in the same conditions
except fermentation ranged from 18.3 to 201.9.

The méthod of processing soybeans into.tempe has also received
much attention by various authors. As with any traditional method,
there are many minor variations in the production of ﬁempe in Indone-
sia. The essential steps éré :

1) Soybeans are h&dratgd.and cooked, they are rubbed by hand or feet
to looses the skin which are then floated off by water.
2) The deﬂulled beans are recooked, partially djried and inoculated with
ragi mold form the previous fermentation. They are then wrapped
in either banana leaves or plastics (Polyethylene) and placed in
warm places.
Variations in methods have been described and use for tempe by many wor-
kers (Steinkraus et al., 1961, Hesseltine and Wang, 1967, Hermana and
Soetedja, 1970); | '
Hermana and S;etedja (1970) observed that tempe produced by their me-
thod of processing was of a milder aroma, better texture and longer
keeping time.

The principles of tempe fermentation are such that a number of
bean types and @ven cereals or mixtures of cereals grains and beans can
be substituted‘for soybeans.

Djurtoft and Jensen (1977)'prepared cowpéa tempe using the laboratory

method discribed below.



Cowpeas

Soak in water (1:3 w/v)
17-18 hours, 20-25°C

Dehull

|

v
‘Drain C

Cool and surface dry

|

Inoculate with Rhizopus sp.

: L

Pack in petridishes or perforated
plastic bags

Incubate
24 hours at 30-32°C

L

Cowpe.a tempe

He prepared tempe by this method using different species of Rhizopus.

Tempe from Rhizopus arrihus was found to be sour and had an aromatic

aroma and flavour and after 48 hrs a bitter taste, the pH unexpectedly

fell to 5.3, accounting for acid flavour. However, tempe prepared

from Rhizopus oligosporus and Rhizopus oryzae were more yeastlike in

aroma and flavour. The pH found using Rhizopus oryzae to be slightly

higher than that of soybean tempe. In his assessment of protein qua-
lity in cowpea and cowpea tempe he observed with feeding experiments
with rats, true digestibility to be 87.5 to 89.5, Biological value 54

to 57 and NPU 50.0 to 50.5. An increase in soluble nitrogen was



observed which suggested the product to be more digestible than cow-
pea. His results was later confirmed by Omotola, 1984. He in addi-
tion, observed an increase in the total lipids during fermentation.

Free fatty acids were liberated and increased during fermentationi

Maférials and Methods o

Materials.,

1. Cowpeas

2. Cooking-utensils—fer—frying

3. Chemicals for the various chemical analysis.

Cowpeas bought from the open market were used for this study.

All chemicalé used were of analytical reagent grade.



Cowpeas (whole)

- cleaning . <

Soak in boiling water (1 hr)

behulled seeds
Dried at 50—60°C (24 hrs)

Milled (Humner mill)

COWPEA FLOUR

wet.

DehullJ?machine)

Soaked dehulled beans

for 2 hrs Taken
for
Steamad 10 min. Asalysls

RS
Drain and Dried
inoculated with 0.037% laru

v
Packed in Plastic bags
incubated at 37° (24 hrs)

COWPEA TEMPE
Cut in to small pieces(0.5 x 5 cm)

Blanched for 15 mins in
boiling water

Drain, dehydrated at 50°-60°C

|

Milled (Hamner mill)

)

COWPEA TEMPE POWDER




The samples were prepared as shown above, cowpeas were cleaned

by hand and the chaff were éeparated from the beans, and then soaked

in boiling water for one.hour to allow for easy dehulling using the

behulled

dehulled¢ws . p#hulled beans were then separated from the hulls by floa-

tation
a. For
air
was
b. For

for

and hand picking.

cowpea flour, d%hulled segds were drained and dried in a hot
oven at a temperature of about 50-60°C for 24-30 hrs. This
then milled into a fine powder.

éowpea tempe powder, the dehulled seeds were further soaked

2 hrs and then steamed for 10 minutes. The seeds were then

drained, dried, and inoculated with 0.03% laru, packed in perfo-

- rated plastic bags and incubated at 37°C for 24 hrs. The re-

sulting tempe was then cut into pieces, blanched, drained and

dried in a hot air dryer at 50-60°C for 24-30 hrs and then milled

into a fine powder using a hammer mill (Hermana, 1981).

PREPARATION OF BISCUITS:

To evaluate the témpe powder for acceptability, biscuits were

prepared using a recipe formulated by Randolh et al. (1981) this

was compared to the normal recipe using cowpea flour.

INGREDIENT
s : B . : :
Flour Wheat E§§3 Marga- Sugar Nut-  Salt
et flours ity rine maly
(g)5iFe g 4 g g g g
Cowpea flour 60 120 a 60 60 5 1
Cowpea tempe 60 120 .- 1 60 60 5 1

flour
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Some quantity éf ingredients were used for the preparation, the sugar
and margarine were creamed together and beaten egg added. -All.dry
ingredients were then stirred infx:form a dough which was then rolled,
cut into biscuit shapes, and baked in a hot oven at 200°C, for 10-15

minutes.

SENSORY EVALUATION : : | e

Biscuits samples from cowpea flour and cowpea tempe powder for
sensory evaluation were served to panelists, who evaluated them for
appearance, color, aroma, texture, and flavour which were rated @n
hedonic scale of 9 to 1 (9 = like extremeiy, 5 = neither like nor.
dislike, 1 = dislike extremely) by a volunteer panel consisting of
ten persons of which three are Africans with no experience in tempe
taste and seven Indonesians.
Sensory quality scores were analyzed by standard procedures of ana-
lysis of variance and multiple comparisons testing of the significan-
ce of mean differences (p‘> 0.05) using the method employed by

Larmond (1977).

CHEMICAL ANALYSIS:

Chemical anaiysis was'done dn the raw whole cowpeas, dehulled
cowpeas (cowpeas flour), dehulled soaked and steamed'cowpeas and cow-
pea tempe powder. All the samples were dried and milled for analysis
except the whole bean which was only milled.

Proximate analysis was carried out to obtained the proximate composi-

tion of the varioﬁs steps during processing of cowpea tempe powder.
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PROTEIN :

Crude protein content was determined by.AOAC official method of
analysis A - 47,021 (1984). The weighed samples (0.059) were diges-
ted in Kjeldahl flask with recommended quantities of mercuric oxide,
sodium sulphate and concentrated HZSOA' The clegr digested mixture
was coole%5<diluted.wiéh wétér fpllowed by addition of 50% NaOH solu-
tion and héated to distill out ammoniai The distilate was titrated
. agains a known normality of HCl.

.Crude protein was calculated as below :

Protein percentage = %Z nitrogen x 6.25.

FAT :

2g sample was put in a beaker and 50 ml 4NHC1 added and boiled
for 15 minutes. Then cooled and put in a separating flask with 50 ml
ethanol absolute, 50 ml petroleum benzene ‘and ;5 ml amyl alcohol and
shaken for 30 minutes. The bottom layer was removed and top layer
poured into already weighed soxhlet flask) after the solution was
allowed to stand for a few minutes. This was repeated. The solvent
was then evaporated and flask and content dried at 130°C for 3 hours.
% fat was calculated as below :

% fat g

samp le weight x 100%

A = weight bf flask
B = weight of flask + fat

MOSTURE :

About 2g samples were dried in previously cooled tarred moisture

dishes in hot air oven at a temperature of 130°C until a constant
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weight was obtained. Moisture was calculated as loss in weight of

samples on drying (AOAC, 1981).

ASH : ’
About 2g of éample was'ashed in a cooled previously tarred porce-
" lain grusible in a muffle furnace set at 700°C for 5 hrs. until con-

trant weight was obtained. Ash content was calculated as loss of

weight of sample after ashing (AOAC 1981) A-14.006.

FIBER :

Crude fiber was determined by o AOAC official method A 7.067.
About 2g sample after extraction of fat was transfered into a 600
ml beaker + 0.5 gm treated asbestos and 200 ml boiling H2804 and di-
gested for 15 minutes, The residue after filtration was washed with
water and further digested with required quantities of boiling NaOH. This
was then popred into a prepared mat in a crusible with a known weight
and washed free of alkali by means of ethyl alcohol and suction pump.
The crusible with sample was then dried in oven for 5 hrs and
ashed at 600°C£ Crude fiber was calculated as the loss in weight

before ashing and after ashing.

ANTINUTRITIVE FACTORS:
TANNINS:

Tannin content of the various steps during processing of cowpea
tempe powder were determined following AOAC official method of ana-
lysiBeces.. A=9,098 1975. About 50 mg sample was weighed into 600 ml
and 200 ml distilled water added and refluxed for 2 hrs. The fil-

trate after filteration was diluted to 200 ml. 1 ml of this solution
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was pipetted in triplicate into 15 ml tubes and required quantities
of NaCO3 solution, Folin-Dennis reagent and distilled water was added
mixed well and allowed to stand for 10 mins. Distilled water was
used yés b;ank and tannic acid as standard. The resulting color

after mixture was read at absorbance of 760 mm.

Absorbance x slope x dilution factor
weight of sample

% Tannin was calculatéd‘as:

PHYTIC ACID:

Approximately 1g sample and 50 ml solution of 1.52 HC1 10% Na2

SOA was added and shaken for 2 hrs. 10 ml filtrate after filteration
was put in 50 ml erlemmeyer flask and 10 ml deionized water and 0.2%

FeCl, 6H,0 in 1.27% HCl added and boiled for 30 minutes in a waterbath

3772
to precipitate phytic acid as Fe 4-phytate. The solution was then

centrifuged and pellet washed twice with 2.5 ml Na280 in 0.6% HCl.

4

The pellets were then diluted with 5 ml conc. HNO3 and transfered into

a flaskwhere 4 dropsof conc H was added and heated till & drops

220
of H2804 remained. ’H;%L-vrdropsﬂzoz was added and heated till bubbles
ceased. 10 ml 3M HCl was added heated for ten minutes and diluted
in a 100 ml volumetric flask. 5 ml filtrate, 0.5 mlbhydroxylamine-
HC1l 2.5 ml buffer acgiate and 1 ml alpha-alpha dypyridine was put
into a test tube and colored develobed after 30 minutes was read on
spectrophotomepér at absorbance of 515 nm. A working solution of

iron was used ds standard and HC1l (0.02%) as blank. 7 phytic acid

was calculated as in AOAC official method of analysis (1975).

/
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TRYPSIN INHIBITOR:
Trypsin inhibitor (T1 aétivity) was-determined by AACC official
method of analysis A 71-10 :.(1974). The weighed grind sample plus
50 ml 0.01N NaOH was éhaken‘gn‘as electric shaker for 3 hrs. Enzyme

assay determination was done following the method employed by

Hamerstrang} et al. (1980);

AMINO ACID: :

Amino acid pattern for cowpea .flour and cowpea tempe powder were

analyzed with Beckman Amino Acid Analyzer.

VITAMIKS:

The vitamins were determined by chemical method.

THIAMINE:

Thiamine conten‘kwas determined by AOAC officiai method of ana-
lysis, 1979. The weighed sample (25 g) were boiled for 15 minutes
with recommended quantities of 0.05N H2804 (150 ml) and pH was adjus-
ted with rééommended quantity of 3N CH3COONa, 10 m1 Taka diastase was
used as the enzyme and incubated at 37°C over night. Samples were
diluted till 400 ml and filtered. 250 ml of filtrate was taken and
recommended quantities-of.solution‘A and B (phenol fed indicator,

Alcohol-phenol, 0.2N NaOH P-amino acetophegon NaNO0 0, NaOH NaHCOB)

3 B
were added and kept in a dark room for 2 hrs. After seperation in

a seperating fungel the bottom layer was disc%éed and the top layer
was put iﬁto centrifuge tubes containing 1 gm NaSO4 this was centrifu-

ge for 5 minutes. Color developed was read @n the spectrophotometer

at absorbance of 520 nm. The samples were compared with standard
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solution containing 10, 20 and 30 ug of thiamine, mg/% thiamin was

calculated as

100 : Abs.sample _ 10 ug
wt sample * dilution Tecror X Abs.stand . 1000
NIACIN :

Niacin content was also determined by AOAC official method of

thed.) The weighed sample (10g) was mixed with

analysis A-43.044 (13
200 ml of 1N H?-‘SO4 and-autociaved for 30 min at 151b pressure. The
sample was then ¢ooled and adjusted to pH of 4.5 with 10N NaOH using
a pH meter, this was then diluted in 250 ml volumetric flask and-fil-

tered 40 ml of the filtrate was added to 17g(NH SO4 and diluted to

4)2
50 ml. 1 ml filtrate was pippetted after vigorouslyshaking and used

for color development. - Standards of Blank and samples were prepared

using recommended quantities of standard solutions, HZO’ NH4

sulfanilic acid, HC1l and HBR. Color development was read with spec-

OH, 107

trophotometer at 440 nm (AOAC, 1979).

Results and Discussion

Cowpea tempe powder processing involved a first soaking in boi-
ling water for 1 hr.,2nd soaking for 2 hr of dehulled beans, steaming
inoculating with 0.03% laru inéubating at 37°C for 24 hrs.

Tempe formed wasblancﬁed for 15 minutes dried and milled into a fine
powder. Cowpea flour was obtained after dried dehulled beans were
milled into a\fine powder. Cowpea tempe powder was darker in color

as compared to the creamfusrwhite color of cowpea flour. This could

be due to the darker color observed when the beans were steamed.
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DEHULLING: i
Removal of seed coat of cowpea variety used in this project was

found to be difficult.Wet Aehulling by hand not only consumed time but
water. Beans had to be soaked in boiling water for 1 hrs to allow
easy dehuliing using-é debqliing ﬁaqhi@e. However it was not easy to
separate hull completelyxdue fo inefficiency of the dehullér (machine).
Complete separation was attained during the second soaking period. As
a result of the difficulty in dehulling a Yot of beané were lost
through dehulliﬁg which reflected in the low‘récoyery of 40% (%

dry weight) after tempe powder was made.

FERMENTATION:
Inoculatgd beans needed an initial high temperature of about

‘370 - 40° to start fermentationms. Bgans incubated at room tempera-
ture all failed to ferment, unless wrapped to increase temperature,

all the beans resulted into bacteria fermentation which produced a

bad odour. Tempe were always removed after 12 hrs of incubation from |
the incubator and incubated at room temperature. High temperature
observed in the incubator as a result of increase in temperature:in

/

the fermenting beans were found to bedetrimental to the mold growth.

Although high temperature favour the growth of mold, prolonged in-
cubation at high temperature could cause a high temperature in the

bean mass which may damage subsequent growth of the mold (Steinkraus,

1981).
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PROXIMATE COMPOSITION:

Proximate composition of cowpeas in the various steps during
processing of tempe powder and céwpea flour are shown in Table 1.
From the data it may be seen at there were no marked differences in
crude protein of the raw beans till after fermentation. Crude fibre
decreased but slighly incféaéed'after fermentation, from dehullii
steamed beans to cowpea tempe powder, this results confirms with;that of
Murata et al. (1967). Ash content decreased from raw whole cowpeés
till after fermentation and blanching to cowpea tempe powder. This

could be due to leaching of soluble minerals during soaking periods

and blanching (Akpapunam, 1985).

ANTINUTRITIVE FACTORS:

The degradation of three antinutritive factors, Trypsin inhibi-
tors, phytic aci& and tannins were observed ana the results are shown
in Table 2. The results obtained in this study suggests a high phytic
acid and tannin content for the cowpea variety used.

Tl activity in the whole cowpea was less than in the cotyledons
(dehulled cowpeas). Elias et al (1979) in his study with different
variety of Phaseolus vulgaris observed also that with one variety the

Tl activity was higher in the cotyledon than the whole seed. This in-

crease in Tl activity after dehulling could be due to at least two
factors, £hat this. could Be characteristically present in the cotyle-
don fractions of the beans, and secondly that the seed coat contribu-
tes a substantial portion of the whole seed weight, so that removal
of the seed coat may lead to increase in concentration on a unit

weight basis (Deshpande et al., 1982). Tl activity (trypsin inhibitor
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Table 1. Prokimate composition of the various steps in the
processing of cowpea tempe powder (% dry weight)

. Carbohyd-

Samples Protein Fat "~ Fiber Ash  rate (by
difference)

Cowpeas whole - 26.4 2.3 4.90  3.31  63.09
Cowpeds. dehuiles 27.3 2.4 4.7 2.1 66.50
(cowpea flour)
Cowpea dehulled
sosked steamed 27.7 23 1.8 1.78 66.42
Cowpea tempe
(blanched dried) 29.7 4.04 2.60 1.3 62.36

(cowpea tempe powder)

Table 2.

The degradation of three antinutritive factors:

trypsin inhibitor, phytic acid and tannins during
processing of cowpea tempe powder (7% dry weight)

Trypsin

Phytic

Tannins
inhibitor % Loss  acid % Loss /% % Loss
- (T1 mg/%) (/%) ki
Cowpea whole 836.92 0.58 © 315.56 -
Cowpea. soaked
dehulled 902.57 - 0.64 - 96.79 69
(cowpea flour)
Coﬁpea soaked,
dehulled soaked, 102.06 88 0.31 51 49,26 84
steamed
Cowpea tempe
blanched dried 78.38 91 0.25 . 60 56.38 82

(Cowpea tempe
powder)
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inhibites fhe activities of proteolytic enzymes in both animals and
humans, active antitryptié aétivities have often resulted in growth
retardation in rats, trypsiﬂ inhibitors such as lima-beans have been
found to inhibit proteolytic activity of both human trypsin and chy-
motrypsin thus resulting in inhibition of protein digestion in the
bod}; (Liener,1969). Hoxyde;rérj.ini this ‘study further processing resul-
ted in a decrease in Tl activity, after soaking and steaming for 10
minutes about 58% loss was recorded and further loss of 23% affer
fermentation and'bléncﬁing in boiling water for fifteen minutes.
There is no record on the actual fate of Tl activity during tempe
fermentation, but it is thought that about 91% Tl activity is lost
during the 30 minufgs boiling of soybeaﬁs (Liener & Kakade, 1969).
Tl activity was reduced by 917 after processing of cowpea tempe powder,

the loss could be'due mainly to cboking, steaming and blanching during |

_—

processing (Ologhobb and Fetuga, 1984). Phytic acid content observed
in this study was quite high.0.58 g%. Phytic acid content of cowpea
varieties have been repbrted to range from between 0.28 g% = 0.792 g7
(Longe, 1983, Ologhobo and Fetuga, 1984) values above 0.330 g% were
considered to be nﬁtritionally harmful, Phytic acid has been known
to interfere with mineral absorption and utilization in the body thus
causing deficiencies iﬁ minerals such as calcium, irén, magnesium,
zinc and other trace elements in human and animals (Sutardi & Buckle,
1985;0beleas, 1973). VI;~forms complexes with proteins thus inhibiting
.peptic digestignv(OIOghobo and Fetuga, 1984). In this study phytic
acid was higher ;n ﬁhe cotyledons after the first soaiing period than

~ in the whole raw compea 0.64 g% an increase of about 10%. Sutardi and
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Buckte (1985) in their study observed similar results, an increase
during first soaking‘of dry beans from 1.07% - 1.09%. This may be due
to formation of complexes Between phytic acid and the seed coat frac-
tions so that during extraction they may be retained in the residue
fraction after centrifuga;iqn leading to a lower estimation in the
whole bean (Deshpande et al., 1982). However in all of the treatment

[0

during tempé production resulted in a decrease of phytic acid content i

by about 1/3 (Sutardi and Buckle, 1985, Sudarmadji and Markakis,1977),
they didnot find any positive result with phytic acid during soaking.
Chang, = (1977) observed that‘presoaked beans in water at 60°C for 10
hrs resulted in 90% ioss of phytic aéid and for soybean 337% decrease

only when soaked in distilled water at room temperature, which many

indicate that phytase in soybeans has different properties. 517 dec-
rease was observed is this study after second soaking for two hours
and steaming of COtyledons; and a further decreag of 197 also after
fermentation and blanching to tempe powder. Overall 60% reduction
in phytic acid was observed during processing of cowpea teﬁpe powder.
The reduction of phytic acid can b;,accounted for by the activity of
phytase elaborated by the mold responsible for fermentation and by
some loss due to phytic acid solubility in water (Lolas and Markakis,
1975).

.Cowpea also has a high tannin content ranging from 175 mgZ -
780 mg% which could be nutritionally harmful (Reddy gnd Person, 1985,
Ologhobo and Fetuga, 1984, Lamrena et al., 1984). Tannins are poly--
phenolic compounds which form complexes with protéin and thus causes

an inhibitory action in digestive enzymes (Kumar and Singh, 1984).
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Work with animals have shown that high concentration of tannic acid
in the bloodsteam could cauﬁes toxic effects in liver, and as well as
carcinogenic, although no such evidence with humans the caution is
certainly suggested (Singleton and Kratzer, 1973). The reduction of
tannin content during proﬁessing.of cowpea tempe powder was high in
this study; 657% of tanniﬁ (fannic acid) wa%}lost after the first
one hour sdaking period of the who;e beans and dehulled. Further
loss of about 50% was observed after the an soéking and sﬁeaming.
So that a total of 84% tannic acid was lost before fermentation pro-
cess. Tannic acid was lost though leachingof a small fraction of hyd-
rolyzable phenolic compounds, located in seed coats of dry beahs
(Elias et gl., 1979) in soaking medium, some amounts had been found
in soaking and cooking water indicating that large amount could be
eliminated by soakingiand cooking. Most of tannin in legumes resides
in the seed coats,aftef-dehulling about 69-977% is lost (Narasinga Rao
and Prabharathi,1982).There was a slight increase of about 7% in the
soaked steamed dehulled seeds and in the cowpea tempe'powder. Tannic
acid have been known to from complexes with protein which readeré them
undetected by routine methods (Reddy and Pierson, 1985, Kumar and
Sing, 1984). 7% increase>of‘tanﬁin pbserved may.have been bound to
proteins and released after to fermentation. Overali the tannin con-
tent reduced about 827 during processing of tempe powder. Tannin con-
tent can be reduced‘bv processine like dehulline. soakingz coatine and
- germination (Reddv and Pierson. 1985). However there are no records

in the effect of fermentation bv Rhizovous oligosporus an tannin content

of legumes.
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VITAMINS:

The fate of this nutrients (vitamins) were observed during pro-
cessing of cowpea tempe poﬁder. According to the results shown on
Table 3. There were heavy 1losses of the two vitamins after the
first soaking period 87% and 977% for thiamine and niacin. ,
Thiamin one of the more lébile v;tamin tendghffer consideréble %ggﬁ
during food processing as a resuit of leaching, greater still when
soaked'én large volumes of.water for long periods (Bender, 1971).
Niacin which is the most stable is also lost my leaching during pro-
éessiug with water (Bender, 1971, Lund, 1975). This could account for
the high losses obéerved dﬁring soaking in boiling'water for 1 hr.
However there were slight incréases in both - vitamins after fermen-

tation. 47% increase in thiamin and » 100%increase in niacin were ob-

served between unfermented dehulled soaked steam beans and the resul-
ting tempe powder, this results conforms that of Murata et al., 1985.

Although there is a loss of thiamin duriné tempe fermentatioqJ Murata

et al. observed an increase after 24 hrs fermentations. When fresh
tempe in this study was analigad it was observed that in 7% dry weight
basis, Thiamin was 1.15 mgZ% while niacin 13.04mg%, there were heavy
- losses of 80% thiamin 91% niacin after blanching and drying of
tempe. About 567% thiamin and 90% niacin losses are observed after
blanching (Lund, 1984) of legumes. Although the loss during blanching
is quite high there is stiil a slight increase in both vitamins in the
tempe powder 'over the unfermented beans, values though 1less than the
raw whole beans,were still higher than that of cowpea flour (dehulled

beans). -Amino acid composition of cowpea tempe and cowpeé flour can be



Teble 3. Vitamin contents (thiamine,niacing) during pro-

cessing of cowpea tempe powder (% dry weight)

23

.Thiamine

9 .. . Niacin
o fo o G o qo vo
(mg/%) % Loss 7 Gain (mg/1%) % loss 7 Gain
Cowpea whole 0.97 - - 2.51 - -
Cowpeas soaked ‘ 0.18 81 - 0.184 92 -
dehulled
Cowpeas soaked de- 0.12 87 = 0.131 - 94 =
hulled soaked &
steamed
Cowpea tempe blan- 0.23 76 91 1.06 57 100

ched dried
(cowpea tempe pow-
der)

Table 4. Essential amino acid composition of cowpea flour
: and cowpea tempe powder (mg/gN)

Cowpea tem-

Cyst.

* Cowpea *
Essential amino acid Cowpea £lour pe powder FAO
Isoleucine 417 328 380 25C
Leuvcire 531 566 635 440
Lysine 414 547.2 584.4 340
Methionine + cystine 120 ° 113 131.1 220
Phenylalanine + Tryosine 487 695 784.4 380
Threonine 250.9 273 277.8 250
- Tryptophan - . 88.9° - - 65
Valine 428 323 346 310
Limiting amino acid Meth.
(chemical score) T 33 51 &0

* Data from FAO, 1973.
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seen in Table 4. These values were compared with FAO provisional com—
position, all the values were ﬁigher than FAO values except for Methio-
nine and cystine, an inbreﬁse of about 97 was observed in the cowpea
tempe fléur although the value s€ill lower. All the other amino acids
showed increases althougﬁ‘vgry small. A decrease in isoleucine was éb-
served in cowpea flour asrwell as cowpep, tempe _powder thrﬁugh increase
was observed between the two flour.

These results agreed with that of Djurteft and Jensen (1977) and Omo-
tala (1981) in‘their studies on cowpea tempe. The increase in the amino
acid coﬁposition suggests an'increase in the nutritive quality of cowpea
and also the possibility of fortification of cowpea tempe powder with
~other legumes or cereals with high methionine and cystine content to

raise its content to the required value (FAO, 1977).

Sensory Evaiﬁation

| In an aﬁtempt to evaluate cowpea tempe powder for acceptability in
snack foods etc cowpea biscuits were prepared using cowpea tempe powder
and c;wpea fléur the two were compared for appearakce, color texture aro-
ma and flavour, results of the test are shown in Table 5. Cowpea tempe
powder were bettef prefered or accepted than the cowpea flour biscuits

at p » 0.05 according to the referehce test using si%yple paired compari-
sons test (according tovehartz for two sample test in Larmound, 19}?}
;Although this was highly accepted panelist did not like the appearance
v“and color of the products. Although color ana appeafance were rated
high for cowpea flour . biscuits panelist complained of hardness in tex-
ture and a strong beanyflavour. It wouid be premature to ;onclude that

cowpea tempe flour used in preparation of snack foods and others would
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be accepted by Ghanaians as this is the ultimate aim of this evaluation,

_ N 50«};%:"'“—47m
but the possibility of the institution of cowpea tempe flour in the va-
rious recipes déveloped (Dovlo, et al¥, 1976; Randoph et al,1981) is con-

firmed, but th"n more work will have to be done to improve the appea-

rance and color of these products.



Table 5. Taste panel scores assigned by Africans and seven
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Indonesians

Product . Appearance Colour Texture Aroma Flour

‘ A * * * *% *%
Cowpea flour - P ned « ¥ Bk * 6.5 6.9 6.3
biscuits

* * * * *

Cowpea tempe powder 6.5 6.0 7.4 7.6 7.5
(biscuits)

* based on a 9 point scale with 9 = like extremely
5 = neither like or dislike, 1 = dislike extremely.

*%* when mean score within a given panel differ significance at
(p = 0.05) level. Higher value indicate greater preference.

Conclusion

1. The processing of cowpea into cowpea tempe powder as against the

Ghanaian traditional processing into cowpea flour is beneficial

in terms of nutritional aspects.

2. Antinutritive factors which reduces the nutritional quality of

foods is greatly reduced during this process, to levels which is

nutritionalqharmless.

3. Color of the tempe powder was slightly daﬁker then that of the

: Y 53 O3
traditional cowpea flour ( creamy whill ) this resulted in low

score for appearance and color of cowpea tempe biscuits during

sensory e¥aluation of the powder with that of cowpea flour.

4. Vitamins although heavily lost during processing was slightly hig-

her in tempe powder as against cowpea flour.

5. Slight increases were observed in the amino acid composition of

cowpea tempe over cowpea flour,
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No significant difference ik color among the samples.

APPENDIX
ORGANOLEPTIC EVALUATION RESULTS
APPEARANCE :
Samples )
Judges 435 641 Total
1 6 8 14
2 5 5 10
3 8 8 16
A ’ 6 7 13
5 9 9 18
6 4 8 12
7 7 7 14
8 5 6 11
9 8 7 15
10 ( . 7 8 15
Total ’ 65 73 135
Mean ‘ 6.5 7.3
ANALYSIS OF VARIANCE TABLE
Source of variation dF SS MS FCAL FTable 5% 17
Samples 1 3.2 3.2 3.2 5.12 10.56
Judges 9 25.8 2.8 2.8 3.23 5.46
Error 9 8.8 0.97
Total 19 37.8

>
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COLOR
Samples
Judges 435 641 Total
1 7 8 15
2 4 7 11
3 7 8 15
4 6 7 13
5 8 9 17
6 4 7 rie |
7 6 7 13
8 6 8 14
9 7 8 15
10 6 8 14
Total 60 77 137
Mean 6.0 77
ANALYSIS OF VARIANCE
Source of variation dF SS MS FCAL FTABLE 5% 1%
Samples -1 14.45 14.45 32.1 5.12 10.56
Judges / 9 16.05 1.78 8.9 3.23 5.46
Error 9 4i05 0.45
Total 19 34.55

There is a significént difference

TURKEY TEST RESULT

Samples code

Sample mean

r

641
7.7a

Any two means not followed by the same

different at the 5% level.

Sample 641

at 5% level.

435
’ 6.0b

letter are significantly

las best color.
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TEXTURE
Samples
Judges 435 641 Total
1 5 7 12
2 7 4 11
3 8 8 16
4 7 7 14
5 9 9 18
6 7 6 13
7 7 6 13
8 8 4 12
9 8 6 14
10 8 8 16
Total g , 74 65 139
Mean 7.4 6.5
ANALYSIS OF VARIANCE
Souree of veristion = dF Ss MS FCAL FTable 5% 1%
Sample 1 4.1 4.1 2.9 5.12 10.56
Judges "/ 9 21.45 2.3 1.6 3.23  5.46
Error 9 13.4 1.4
Total 19 38.95

There is no significant difference in the texture of the two sam-

ples.



33

AROMA
Samples
Judges 435 ' 641 Total

1 7 7 14

2 7 5 12

3 8. 8 16

4 7 7 14

5 9 9 18

6 7 6 13

7 7 7 14

8 8 6 14

9 8 6 14

10 8 8 16
‘Total . o 76 . 69 145

Mean e 7.6 © 6.9
ANALYSIS OF VARIANCE
Source of variation dF SS MS FCAL " FTABLE 5% 1%
Samples i | 2.45  2.45 5.4 5.12
Judges / 59 118025 1.4 3. 5.23
Error 9 4.05 0.05
Total 19 19.75

There is a significant difference at 5%.

TURKEY TEST
Sample code ' 435 641
Mean , 7.6a 6.9b

Any two meéns not followed by the same letter are significantly

different at 5% level. Sample 435 has the best. aroma.
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FLAVOR
Sample
Judges 435 641 Total
1 6 8 14
2 6 5 11
3 8 7 15
4 7 6 13
5 9 8 17
6 8 6 o . 14
7 7 6 13
8 8 4 12
9 8 6 14
10 8 . 7 15
Total / 75 63 138
Mean 4 7.5 6.3
ANALYSIS OF VARIANCE
Source of variation dF ss MS FCAL FTABLE 57 17
' Samples 1 7.2 7.2 6.6 5.12
Judges 9 12.8 1.4 1.2 3.23
Error 9 9.8 1.08
5 / .______—
Total 19 29.8

There is a significant difference at 57 level.

TURKEY TEST RESULTS
Sample code 435 641
Sample meak 7.5a 6.3b

Any twd means not followed by the same letter are significantly
different at 5% level. The sample 435 has the best flavour.




‘Amino acid cémposition of Cowpea Flour, Cowpea Tempe Powder

g/100g
Rudno  acid Cowpea Cowpea
Flour Tempe Powder
Lysine 2.32° 2.63
Histidine 1.02 1.20
Amrmonia 1.41 .57
Arginine 2.38 2.63
Acpartic Acid 2.55 2.90
Threnonime - 1.16 1.25
Serine , 1.68 1.86
Glutamic Acid 5.76 - 5.87
Proline 1.52 1.67
Glysine 1:23° 1.37
Alanine 1.58 1.83
: bystine .11 .13
Valine Y.37 1.56
Methionine / .37 .46
Isoleusine 1.39 1.71
Leusine 2.40 2.86
Tryosine 1.01 1.29
Phekylalanine 1.94 2.24




