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PROCESS ANALYSIS AND PRODUCT QUALITY EVALUATION OF SOY PRODUCTS
BY DARKRUBY ENTERPRISES AND DELABAC VENTURES

ABSTRACT

A project was initiated under the Technology Transfer Grant (TTG) programme of SAFGRAD to
assist two small-scale enterprises in soybean processing. The beneficiary enterprises include Darkruby
Enterprise which is interested in producing soymilk and soy flours, and Delabac Ventures which is in
the area of soy-based weaning foods. This activity is to facilitate improving the utilization and
commercialization of soy processing technologies through transfer of the appropriate technologies by
the Food Research Institute to small-scale entrepreneurs. A critical evaluation of the current operations
of the enterprises was undertaken to assess their needs with respect to techniques and machinery. Both
companies were found to be operating with grossly inadequate and inappropriate equipment and
facilities with little technological and nutritional knowledge. Analysis of the products indicated that
most of them have the potential as inexpensive sources of high quality protein if the appropriate
techniques are applied and the processes standardized. A critical appraisal of the various unit
operations for each of the products revealed areas for technological intervention to ensure eflBciency of
production and product quality. Basic equipment needs are being addressed under the TTG and the
enterprises are being assisted in their installation, operation, and maintenance, as well as in training for
the application of appropriate processing techniques for improved product quality.
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I. INTRODUCTION

The importance of using plant protein sources to supplement cereal foods of poor protein quality has
increased steadily over the yem^s. Tliis development prevails even more in developing countries wh^e
animal sources of protein are often scarce and expensive. In Ghana projects Mned at helping low
income populations to produce and consume simple weaning formulations based on available legumes
and cereals have been carried out in collaboration with the Food Research Institute by organizations

such as UNICEF, theNutrition Division oftheMinistry ofHealth, thejoint FAGAVHO/OAU Re^onal
Food and Nutrition Commission for Afiica, the Ministry of Food and Agriculture, the Home Sci«ice
Department of the University of Ghana, andthe IITA/IDRC.

Developments during the last decade have shown the emergence of several mushroom enterprises

attempting to produce high protein foods in response to non-availability and unaffordability of
imported wealing foods. A survey by Plahar and Nti (1998) showed that many of these enterprises
lack technical knowledge and expertise aswell as quality control %^ies resulting in producte of low
nutritional quality. They also lack appropriate equipment and poor processing techniques resulting in
over- or under-processed food products. Sample tests undertaken for quality evaluation of some of
these products on the market indicate poor nutritional and sensory quality especially for products based
on soybeans as the protein source.

Although soybeans are known to have high protein content ofgood nutritional quality, and have been
proven to be the most appropriate vehicle for enhancing the quality ofcereal-based weaning foods in
West Africa, specific processing procedures are necessary to ensure elimination of anti-nutritional
factors and the achievement ofmaximum sensory characteristics.

Technologies, exist at the Food Research Institute to be transferred to small-scale ormicro-enterprises
for production ofweaning foods and soy-based products for middle income sectors ofthe population.
The importance of transferring these technologies and expertise especially to existing small scale
entrepreneurs cannot be overemphasised. Two companies identified in the area of soy-processmg
twdinologies were Darkruby Enterprises and Del^ac Ventures. Daikruby is a small-scale enterprise

involved in the production of Soyflour, Soymilk, and Soy-Gan (a fortified cassava product). Products

prepared by Delabac Ventures include Soyavita (a blend of soy and sorghum, maize, and groundnut
vwth vanillin flavouring); Soyalac (soy, cereal blends fortified with milk); Soyavita Plus (a soyvita
product fortified with unripe plantain supposed to be an iron supplement) and Soyflour. In recogration
ofthe inadequate processing skills and equipment for the efficient performance ofthese enterprises, a
project was initiated under the Technology Trjuisfer Grant (TTG) of the Swni-And Food Grain
Research and Development (SAFGRAD) Program to assist in the transfer of technologies by the
CSIR-Food Research Institute to support these two companies.

The purpose of this first progress report is to provide information on the activities undertaken in
collaboration with the two beneficiary companies, to evaluate the processes and quality of products

with the view to identify inefficient unit operations for necessary transfer of appropriate technologies
for improved process efficiency and product quality.

2. METHODOLOGY

Process appraisal visits

Several visits were paid to the premises of the two enterprises to help appraise their operations and
collect samples for analysis. Unfortunately, as a result oflack ofinfrastructural and processing facilities,

the enterprises had to undertake different unit operations at different locations, making use of any
available public service facilities. Several different sites had to be visited for the two companies for the
process appraisal.

Product quality evaluation

Raw materials as well as intermediate and finished products were collected from the two enterprises

and analyzed for their chemical composition, nutrient content, microbiological quality and sensory
properties at the Food Research Institute laboratories. For chemical composition the sample (raw,
intermediate and final products) were analyzed for proximate composition and trypsin inhibitor activity,
as indication ofinadequate processing. Analytical methods used are described below.
Otemical composition

Samples of the weaning foods and soy products were analyzed for moisture, protein, fat and ash by
standard procedures (AOAC, 1980). Carbohydrate was determined by difife-ence, energy by
calculation and iron, phosphorus and calcium were measured using the AACC (1983) standard
methods.

Sensory ey^tUuation

Acceptability scores ofSoymilk was determined by aten member trained panel using a9-point hedomc
scale technique described by Larmond (1977).
Determination ofanti-nutritionalfactors

Trypsin inhibitor activity was determined by the method of Hamerstrand et ii/.(1981). One gram
portions of the samples were extracted by soaking overnight at 4°C in 50 mL 0.01 NaOH (pH was
adjusted to 8.4 - 10.0). The suspensions were diluted so that 2mL ofthe sample extract inhibited 40 60% ofstandard trypsin used in the analysis. For the analysis on inhibition oftrypsin, synthetic benzoyl

DL arginine-p-nitro anilide (BAPNA) was used as substrate. Residua! enzyme activities were
deteimined in systems containing 2 mL aliquots ofthe sample extracts by measuring the absoibance at
410 nm. Trypsin inhibitor activity (TIA) in terms of milligrams pure trypsin per gram sample was
calculated as:

2.632 xDxAi

TIA =

mg pure trypsin inhibited g"' sample

where

Ai =change in absorbance due to trypsin inhibition mL"' diluted sample extract
D = dilution factor

S = weight of sample (g)

Microbiological Qjuality Assessment

For the determination of aerobic bacteria counts the Pour plate technique was used. A lOg portion

of product was weighed into stomacher bags and 90 mL of Saline Peptone solution was added and
mixed thoroughly by shaking vigorously. The suspension was allowed to stand for 5 min to soak
well. The mixture was again shaken vigorously and 1 ml portion was pipetted and used to prepare
la' to 10^ serial dilutions. One milliliter of each serial dilution was then pipetted into sterile plates

in duplicate. Each plate was overlaid with about 20 ml of Plate Count Agar cooled to 45°C and
incubated at 30°C for 72h (Anon, 1986).

Mould and Yeast Counts were determined by the Pour Plate technique. One milliliter of the 10"'
dilution of sample suspension was pipetted into duplicate sterile petri dishes. This was pour-plated
with Malt Extract Agar, mixed and incubated at 25°C for 5 days (Anon, 1987).

For the enumeration of Enterobacteriaceae (Coliforms), One milliliter of 10* and 10"^ dilutions of

sample suspension were pipetted into sterile petri dishes where about 5ml of Tryptone Soya Agar
was added and the procedures completed according to Anon, 1992a. For direct plating out, streaks
wer^ made onto MacConkey ^ar plates using the stock product solution. The plates were then

incubated at 37°C for 48h. Pathogenic Organisms were determined as Staphylococcus sp. and

Salimnella sp. For the detection of Staphylococcus sp., a 5g sample of product was aseptically
weighed and placed in cooked meat medium. A0.1 mL portion of the undiluted stock solution was
transferred to Baired-Parker's medium. The inoculum was distributed with a sterile angle bent glass

rod and incubated for 12 - 18h at 3TC (Anon, 1992b). Salmonella sp. was determined as follows:

For pre-enrichment, 25g sample was weighed and macerated in 225 ml of Buffered Peptone Water
using a stomacher. This was incubated at 37®C for 16-24 h. The contents were mixed thoroughly
by shaking, upon removal from the incubator; and 0.1 ml of the pre-enrichment broth was
transferred to 10 ml Rappaport-Vassiliadis (RV) broth which had been pre-warmed to 42°C. This
was then incubated at the same temperature for 24h. Using a loop, sample from the enrichment
broth was inoculated onto the surface of Xylose-lysin-deoxycholate (XLD) agar and Brilliant green-

phenol red agar (BGA). The plates were incubated in inverted position at 37°C for 18-24h.
Presumptive colonies were then picked for biochemical verification. From each agar plate, 3t least
two typical or presumptive colonies were picked and inoculated onto a suitable non-selective plates,
so that well isolated colonies develop. The plates were incubated at 3TC for 18-24h. For the
biochemical confirmation, tests carried out include urea, mannitol utilization, omithine
decarboxylase, lysin decarboxylase and Triple sugar iron (TSI) agar test (Anon, 1991).
For culture identification, smears of growth from the plates were made on clean slides with sterile

loop. These were Gram-stained and viewed under the microxope to identify the morphology and
Gram rextion. Selective identification for Aspergillus flavusfparasiticus was performed using a

specific medium prepared with Aspergillus Flavus Parasiticus Agar (AFPA) Base (Oxoid Limited,
Hampshire, England). pH of the samples were determined with a Metrohm 620 pH meter (Swissmade). Approximately lOg of sample was weighed into 200 ml beakers and 90 ml of carbon
dioxide-free distilled water was added and thoroughly mixed. The mixture was leflt to stand for 5

min. before pH measurements were taken. The pH meter was calibrated prior to sample
measurements using a standard buffer solution of pH 7.0.

3. RESULTS AND DISCUSSION

PROCESS DESCRIPTION

Site visits to the processing companies provided an overview ofthdr operations and methodologies.
These are described below.

Darknibv Enterprise

Sqyjlour Production:

The enterprise produces full-fat soy flour by soakir^ raw soybeans beans for about 1 hr, washing,
hand-dehulling under running water, boiling for about 30 min. and sun-drying for three days on raised
platforms. The dried boiled beans are then sent to a commercial disc attrition meal for milling into a
flour which is packaged in polyethylene bags, sealed and distributed for sale at hospitals and in the
markets. The process is illustrated inFig 1.
Production ofRoastedSoyPotvder:

The enterprise produces roasted soy flour which is sold sealed in polyethylene packaging materials and
sold as 'coffee'. For the preparation of this product, raw soybeans are cleaned and roasted. The beans
are then dehuUed by breaking in acommercial mill and winnowed. The dehulled broken beans are then
milled to obtain a dark brown powder.

Si^milk Production:

Soymilk is one major product that the Darkruby enterprise is veiy much interested in. Raw beans are
washed, boiled for 30 min, wet dehulled and wet milled in acommercial com mill. The resulting paste
is mixed with cold water to form a slurry and sieved with a muslin cloth. The aUquot is boiled and
brown sugar and salt added to taste with vanilla added for flavouring. The finished product is then
stored under cold storage for a shelf life of 3 to 7 days.
Soy-gari:

Raw beans are washed, boiled for 30 min, wet dehulled and milled to form apaste. Acassava mash is

prepared by grating raw peeled cassava roots. The grated mash is fennented and dewatered and
7

blended with the soypaste. The blend is then roasted in a shallow pan to prq)are soy-gari.
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Fig 1. Flow diagrams for the preparation of products by Daikniby Enterprise
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Delabac Ventures;

Soyavita:

Soyavita is a vanilla flavoured soy-fortified blend of different cereals and groundnut. The company's
method of preparation involves roasting and milling raw maize, groundnut, sorghum and soybeans
separately, and blending in a ratio 60% maize flour, to 20% soy flour, 10% g^'oundnut and 10%
sorghum. Vanilla powder is added for flavouring. The flow diagrams for the preparation ofthis and
other Delabac products are shown in Fig 2.

Soyalac:

This is a soy-fbrtified blend ofcereals and groundnut wth a small amount ofmilk added. To prepare
the blend, raw maize (60%), groundnuts (5%), sorghum (10%) and soybeans (20%) are roasted
separately, milled, blended together with 5% powdered milk added.
Soyavita Pius:

Soyavita plus is prepared in the same way as soyavita with the addition of 1% milled dried unnpe
plantain. The addition of the unripe plantain is under the false notion that it is a good source ofiron,
and is thus used as a micro-nutrient fortifier..

Soyflour:

Although this product is referred to as soy flour by the Delabac Ventures, it is similar tothe Soy Coffee

produced by the Darkruby Enterprise. For the preparation of this product, raw soybeans are cleaned
and roasted. The beans are then dehulled by breaking in a commercial mill and winnowed. The dehuUed
broken beans are then milled to obtain a dark brown powder. The method ofpreparation is illustrated
in Figure 2 below.
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Fig 2. Flow diagrams for the pr^aration of products by Delabac Ventures
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Milling

QUALITY CHARACTERISTICS OF PRODUCTS
Darkrubv Enterprise;

Proximate composition and anti-nutritionaJfactors

Results ofthe composition ofsoymilk, soy flour and soypowder produced by Darkruby Enterprise are
shown in Table 1. All the products had high protein contents and appreciably low levels of antinutritional factors with regards to trypsin inhibitor activity. Soybeans used in the preparation ofthe soy

products are known to contain trypsin inhibitor activities of20 -25 mg pure trypsin inhibited per gram
sample. The processing techniques used however, reduced this value to about 3mg/g sample which
represents a decrease of 88% trypsin inhibitor activity. Reducing trypsin activity to about 80% is
sufficient to achieve maximum Protein Efficiency Ratio (PER) insoy products (Rackis, 1981).
Sensory quality characteristics ofsoymilk

Results of sensory evaluation of the soymilk samples showed that the soymilk produced by Darkruby
Enterprise was quite acceptable in terms of colour and consistency (Table 2). The milk was found to
coat glass well indicating that it was not watery. The colour ofthe milk was more whitish than creamcoloured which is the typical colour ofsoymilk. The process need to be standardized to maintain this
colour for all batch productions. In spite ofthese good attributes ofthe soymilk produced by Darkruby

Enterprise, acceptability would be aproblem because ofthe poor sensory score for taste. The taste of
the milk requires agreat deal ofimprovement as it was evaluated to have abeany aftertaste with some
degree ofbitterness detected (Table 2).
Microbiological quality

The microbiological quality of the soy milk and the roasted indicated fairly high quality

products with low total viable counts (Table 3). Mould and yeast counts were also low in the
two products with no pathogenic or indicator organisms found. The heal treatment involved in
the preparation of the milk and the roasting of the soybeans could account for the high
microbial quality. The full-fat soyflour produced by the company, however was found to have
high microbiaf loads. Although faecal coli was not found in the soy flour, the presence of
coliform, an indicator organism, makes it unacceptable. The contamination could be traced to
the sun-drying method used, which exposes the product to all possible environmental
11

Table 1. Chemical composition of soymilk,soy flour and soy powder samples from the

production lines ofDarkruby Enterprise^
Soy flour

Soymilk

Soy powder

Total solids

9.7

Moisture (%)

88.8

8.0

2.5

Fat (%)

1.0

27.5

29.1

Ash(%)

0.5

4.8

5.1

Protein (%)

3.7

46.0

48.8

Carbohydrates (%)

6.0

13.7

14.5

47.6

505.0

515.1

0.3

3.0

3.5

Energy (kcal)

Trypsin inhibitor
activity (mg/g sample)

-

-

Values are means oftriplicate determinations expressed on as-is basis

Table 2. Sensory evaluation ofsoymilk: a subjective assessment ofthesensory characteristics of
the soymilk produced by Darkruby ventures
Subjective evaluation

Sensory characteristic

1—•

^

Colour

White

Dark

Consistency

•

4

•

Smooth

Gritty

•

•

Aroma

Beany

Typical

•

Taste

Bitter/beany

•

Typical
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Table 3. Microbiological quality of SSF-fish based weaning foocte
Soy milk

Soy flour

Roasted soyflour

5.2

6.3

6.5

Total viable Count/g

5.8x10

6.9x10"

<10

Mould & Yeast count

3.8x10

7.9x10*

6.4x10'

Coliforms (in O.lg)

not found

present

not found

E. Coll (in O.lg)

not found

not found

not found

Sal/nonella (in 25g)

not found

not found

not found

S. aureus

not found

not found

not found

not found

not found

not found

pH

(cfu/g)

V. parafiaeinolyticus
(in 25g)

Microrganisms
isolated

Bacillus sp.

Asp. sp, Micrococci,

Asp. sp,

Bacillus sp. Gm +ve

Micrococci,

COCCI
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contaminants. Culture examination gave Gm +ve rods, Aspergillus spp and Micrococci as the
organisms present.

Delabac Ventures:

Proximate composition and anti-nutntionaifactors

Table 4shows the chemical composition ofSoyalac, Soyavita, Soyavita plus and Soy powder samples

taken from the production lines ofDelabac Ventures. Chemical analysis ofthe samples indicated atme
reflectance ofthe nutrient values based onthe ingredients used in the formulations.

hi the case of Soyavita plus, a product fortified with iron from unripe plantain, the increase in iron
content was not significant due to the high carbohydrate content of the iron source which n^tralised
the effect of any increase. The iron content of unripe plantain has been found to range between 0.5 -

1.0 mg/lOOg (Eyeson and Ankrah, 1975) and its contribution to iron in the formulations may not be
significant at the low levels it was used. All products were observed to have high fat contents which
indicates the need to take measures to improve the shelf-life of the products. Hgh protein levels
observed for all products show the suitability for use in weaning food formulations.
Microbioltfgicalquality

The high-protein blends produced by Delabac Ventures were found to have relatively low total viable
counts as weU as mould and yeasts (Table 5). The highest counts were observed in the Soyavitaplus
which had some dried plantain added. The dried plantain could be the source ofthe extra load. Despite
the use of relatively unstandardized techniques in the preparation of the weaning foods, there were no

pathogens nor indicator organisms in any ofthe samples. Faecal coli was also absent in all the samples
examined.
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Table 4. Chemical composition ofsoy-based products by Delabac Ventures'
Soyalac

Soyavita

Soyavitaplus

Soyapowder

Moisture

5.3

Fat

19.2

Ash
Protein

3.0
27.7
44.8

5.3
19.5
3.1
28.9
43.2

6.4
15.0
2.6
22.3
53.7

3.7
21.9
4.5
41.9
28.0

11.9
384.6

12.5

12.7
382.6

Component (%)

Carbohydrates
(by difference)
Iron (mg/lOOg)
Calcium

12.2
493.3

264.0

(mfi/lOOg)

Values are means oftriplicate determinations expressed on as-is basis
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Table 5. Microbiological quality of Delabac products
Soyalac

Soyavita

Soyavita plus

Soya powder

5.9

6.0

6.0

6.1

Total viable Count/g

3.2x10

2.7x10

3.8x10'

<10

Mould & Yeast count

2.8x10^

2.0x10'

3.0x10"

3.6x10'

Coliforms (in O.lg)

not found

not found

not found

not found

E. Coli (in O.lg)

not found

not found

not found

not found

Salmonella (in 25g)

not found

not found

not found

not found

S. aureus

not found

not found

not found

not found

V. paralmemolyticus

not found

not found

not found

not found

Micrococci,
Bacillus sp.

Micrococci,
Bacillus sp.

Bacillus sp.

Micrococci

pH

(cfu/g)

(in 25g)

Microrganisms
isolated
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CRITICAL ANALYSIS AND EVALUATION OF ENTERPRISES' PROCESSING TECHNIQUES
Darkrubv Enterprise:

Soymilk

Soymilk by Darkruby enterprise results in a product with acceptable colour, aroma and consistency.
However, a beany aftertaste is reported. Work at the Food Research Institute has found solutions to

this problem. The method used by Darkruby involves a cold break technique. This method does not
prevent the activation of lipoxygenase enzymes responsible for producing a beany aftertaste. A
preferable method is the hot break technique. In this method the soybeans are blended into miJk
immediately after boding together with the boiling water. The lipoxygenase enzymes are therrfbre
inactivated before at the time that they are being brought in contact with the substrate for the reaction
that will result in the development of the beany flavour. The use of a commercial com mill for the

preparation of the paste before mbdng to produce the milk is highly unacceptable for the scale of
operation.

Soyjlour and RoastedS(^powder

The method ofsoyflour production although acceptable is laborious and time consuming. The method
of sundrying although effective is subject to changing weather conditions such as humidity and
temperature. Where these factors are unfavourable and the soybeans may turn mouldy and result in a
final product of unsuitable sensory characteristics, particulary, in terms of colour and aroma. With

regards to the micro-biological quality, the sun-drying technique has been found to result in high
microbial loads and can expose the product tovery harmful organisms. Amore standardized procedure
need to beintroduced to theenterprise for the production offull-fat soy flour.
At the Food Research Institute equipment for wet and dry dehuUing of beans have been fabricated.

Also fabricated are cabinet air driers capable of drying soybeans under standardized temperature and
humidity conditions. These are available for transfer.

The method ofroasting in the production ofsoy powder is less acceptable since moist heat processsing
has been found to be more effective in destroying anti-nutritional factors than dry heat (Weingartner,
1987). In addition, the degree to which roasting is done influences the quality of digestible protein.
Roasting by Darkruby Enterprise to produce soypowder resulting in a very dark product is indicative
of excessive roasting. Excessive roasting results in the destruction of available lysine and essential
17

amino acids which are important for high protein quality.

Needed Equipment:

For the efficient operation of the Darkruby company, the following infrastructural facilities and
equipment are required:
1. Building: A building to house the factory under one roof The present situation where the
operations are undertaken at dififerent locations is not appropriate for any meaningflil
process standardization and production efficiency.

2. Mill: For the products being currently manufactured, a mill for both dehuUing and milling is
an essential requirement for the factory. The enterprise currently relieson a commercial mill
used for milling all sorts of commodities, most of which could have adverse impact on the
sensory, microbiological, nutritional and chemical attributes ofthe products.

3. Milk Press: This is an essential equipment for the commercial production of soy milk. The
most difficult unit operation in soy milk production is pressing to sievethe hot extract.

4. Hot air dryer: A hot air cabinet dryer is necessary for drying under more standardized
conditions in preference to the sun drying beingcurrently used.

Delabac Ventures:

SoyalaCy Soyavita and Soy pmvder

The processes involved in soy products produced by Delabac ventures involve roasting techniques in
all cases. The proportionsof ingredients used are good resulting in products with highnutrient content.

However, proper processing of soyfiour will produce blend formulations of better protein quality.
Soyflour produced at the Food Research Institute is processed to destroy over 90% trypsin inhibitor
activity and reduce destruction of amino acids. The method uses moist heat treatment and mild
temperature (70°C) cabinet airdrying. This method is available fortechnology transfer.
Soyavita Plus

The use of unripened plantain as a means of increasing iron content in weaning foods is not acceptable
since unripened plantain contains relatively little iron. It would require large proportions of unripened
plantain to make any significant increase on the iron content of weaning foods. It is recommended that
imported mineral mixes be usedto improve the mineral content ofthe weaning foods.

Needed Equipment
The facilities and equipment needed by Delabac Ventures for efficient operation include the following:

1. Building: As was identified for the Darkruby Enterprise, the Delabac Ventures also
require a building to house the factory under one roof. The present situation where the
operations are undertaken at different locations is not appropriate for any meaningfiil
process standardization and production efficiency.
2. Roaster: The acquisition of a mechanical roaster will be a great booster for the operations
of the company since all the products are dependent on roasting of the raw materials.
Mechanical roasters are produced locally.
3. Hot air dryer: A hot air cabinet dryer is necessary for drying under more standardized

conditions in preference to the sun drying being currently us^.
4. Industrial Hammer Mill: This is needed for dehulling and Millingoperations.
5. Packaging and sealing equipment: Needed for more efficient packaging and sealing of
the finished products,
6. Dry mix blender: For uniform mixing of dry ingredients.

FOLLOW-UP ACTIVITIES

Follow-upactivities to be undertaken include the following:

1. A training programme to transfer improved processing technologies for soy products based on
deficiencies identified in the various unit operations. This will be done using the recommended
equipment.

2. Process and product evaluation after application of improved technologies.

3. Preparation of a quality assurance system by developing a Hazard Analysis Critical Control Points
(HACCP) programme for the technologies being used. This will ensure soy-products of consistent
and high quality.
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