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ABSTRACT

A study was conducted to assess the acceptability of soup formulated from traditional leafy
vegetables (TLVs) grown in Lindi, Tanzania. Three TLVs, Amaranth hybrids known as
amaranthus leaves (AML), Manihortesculenta known as cassava leaves (CAL) and
Ipomeabatatas known as sweet potatoes leaves (SPL) which had been optimized for Iron content,
were used to prepare 4 vegetable soup formulations (F1- 60.0:7.5:22.5); (F2 —70.0:5.0:15.0);
(F3 —-80.0:2.5:7.5) and (F4 —40.0:10.0:40.0) respectively. Descriptive sensory analysis was
performed by10 trained panelists who used 5 descriptors to quantitatively describe the sensory
characteristics of four soup formulations. Thirty consumers assessed the degree of liking of
products’ sensory attributes using a 7-point hedonic scale. External preference mapping was
performed by relating sensory data with hedonic responses. Mean intensity ratings of descriptive
attributes of the soup showed that F1, F2 and F3had significantly higher(p<0.05) mean intensity
scores in colour, aroma, and mouth feel than F4. The consumer study showed that, with
exception of mouth feel, consumers showed significant differences (p<0.05) between samples in
colour, aroma, taste and overall acceptability. It was thus concluded thatF1 was the most liked
by consumers due to colour, aroma and mouth feel followed by F2 and then F3 and finally F4.
Furthermore, the preference mapping results showed that colour, aroma and mouth feel
attributes were the main drivers for positive consumer preference for vegetable soup. Thus,
selection and processing of vegetables, which retain these attributes, is of greater importance for
consumer acceptability and hence increased utilization for consumer’s health and well-being.
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INTRODUCTION

According to the global nutrition report
2016, two billion people are still suffering
from micronutrient deficiencies and almost
800 million from caloric deficiencies on a
global scale (Achadi et al., 2016). In Sub
Sahara African Countries, people’s diets rely
heavily on rice, potato and cassava, which
are high in calories but deficient in essential
micronutrients. Deficiencies in iron, vitamin
A and iodine are widespread, affecting about
300 million people every year, with many
more at risk of experiencing these
deficiencies (Atangana et al., 2013). The use
of traditional leafy vegetables in rural
communities however has reached a low
point, as many have labeled their dishes as
‘poverty food’ (Atangana et al 2013). These
vegetables however contain a variety of
bioactive, non-nutritive health enhancing
factors such as phytochemicals including
antioxidants, essential fatty acids and dietary
fiber and are inexpensive sources of
micronutrients (Gupta and Prakash, 2011).
Unfortunately, however, they are not
consumed in sufficient amounts by the
households (Ochieng et al., 2017).
Promotion of production and consumption
of micronutrient-rich foods will improve
intakes, the overall diet, and health status
(Mwanri et al., 2011). Development of
TLVs products with extended shelf life
using locally processing technigques can help
solve the problem of under consumption
while making an important contribution to
improve population income as well as
availability (Habwe et al., 2008: Smith and
Eyzaguirre, 2007, Umuhozariho et al.,
2014).Drying either by sun or solar, is one
of the commonly wused method for

preservation of vegetables(Agiriga et
al.,2015). However, drying at higher
temperatures may cause nutritional loss and
damage to sensory attributes such as colour,
texture and flavor of the products (Kumar et
al., 2006). Sensory quality has a key
influence on how consumers perceive the
quality of a product and hence preferences
(Green-Petersen, 2010). The sensory
analysis is recognised as an important tool
for determining the viability or acceptability
of a food product (Carvalho et al., 2013).
New product development requires the
integration of sensory attributes inclu7ding
product taste, texture, and appearance with
consumer attitudes and health biases.
Acceptability of nutrient dense formulated
powders will improve the nutritional status
of the community. This research was thus
done to develop iron rich soup powders
using leafy of Amaranths
(Amaranthus hybridus L.) (AHL), sweet
potato (Ipomoea batatas) (IBL) and cassava
(Manihortesculenta) and assess their
acceptability.

MATERIALS AND METHODS
Materials

Materials used included Amaranths leaves
(Amaranthus hybridus L.) (AML), sweet
potato leaves (Ipomoea batatas) (SPL) and
cassava leaves (Manihotesculenta) (CAL)
from two villages Mtumbati and Mibure in
Lindi Region, Tanzania. Samples were
collected in freezer bags from two sites
(home garden and low land) in each village
and transported in a cool box containing ice
maintained at 4°C to Sokoine University of
Agricuture (SUA), Morogoro for sample
preparation and solar drying.
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Research Design

Complete randomized block design (CRBD)
was used in the study and the principal
factors were vegetable soup formulations
representing AML: CAL: SPL respectively:

Formulation 1 — FI 60.0 :7.5:22.5.
Formulation 2 - F2 70.0:5.0:15.0
Formulation 3 - F3 80.0:2.5:7.5
Formulation 4 - F4 40.0:10.0 :40.0

The effects of these factors on sensory
attributes during drying were determined.
The following model was used
yij=p+rti+pj+ije

i =1,2,3,4
i =12,...
where,

1 = the overall mean

ti= the ith treatment effect (Soup
Formulation Samples)

Bj= the jth block effect (Assessors)

ij &= the random effect

Methods

Sample preparation

The leafy edible parts of the vegetables were
separated from the main plant .About 2.5 kg
of each of the fresh TLVs samples were
thoroughly washed with potable water to
remove adhering dust and impurities,. They
were then sliced, blanched at 80°C for 2
minutes.. Blanching cleans the raw material
and reduces bacterial load, softens plant
tissue and causes shrinkage which allowing
greater volume of materials in the pack,
helps fix colour for plants with carotenoid,
improves the texture of dehydrated products,
inhibits ~ some  micro-organisms  and
facilitates the removal of moisture during

drying (Agiriga et al., 2015). The blanched
vegetables were spread on trays for 10-15
minutes to drain. Solar drying was done at
Sugeco (Sokoine University Graduate
Entrepreneurs cooperative, Morogoro) Solar
drying of TLVs was done according to
Mongi (2013) with some modifications.
Samples were loaded into the solar dryer.
The temperature in the solar dryer ranged
between 45-55°C and drying was completed
in 3 days. About 1.5kgs of each dried TLVs
were packed separately in a freezer bag and
stored in a dark dry place at 25°CAfter solar
drying, the dried vegetables were ground
separately by a grinder (Gaoxin 1250 gx-25,
China) and passed through a fine 315-
micron sieve to obtain fine powders. The
fine powders were then packed in labeled
food grade bags and stored at25°Cin a dark
dry place prior to product formulations and
laboratory analysis.

Product formulation

Three types of TLVs samples were used to
formulate iron rich powders. Various
proportions of TLVs were used based on
iron optimization to meet the 7mg/day iron
RDA for children aged between 1-5
years(TZS 1657: 2014- EAS 797: 2013).
Table 1 shows the amount of iron in some
selected solar dried TLV samples used to
make  formulation  after  pretesting.
Quantities of solar dried TLVs and spices
used were as shown on Table 2. Soup
powders formulations were made by mixing
90 g of solar dried TLVs with 10 g of spices
to make F1, F2, F3 and F4 as shown below.
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Table 1: Iron content of selected traditional leafy vegetables

Type of dried vegetable Amount of Iron in mg/100g
Amaranthushybridus L (AML) 80.21
Sweet potatoes (SPL) 39.80
Cassava (CAL) 10.74

Table 2: Soup formulations from 3 traditional leafy vegetables (90% of formulation)

Materials (F1) (F2) (F3) (F4)
(Amount per g)
Amaranthushybridus(AMI 60.0 70.0 80.0 40.0
Manihotesculenta(CAL) 7.50 5.00 2.50 10.0
Ipomeabatatas(SPL) 22.5 15.0 7.50 40.0
Total 90.0 90.0 90.0 90.0

Table 3: Spices added to soup formulations (10% of formulation)

Spices Amount per g
Garlic 0.5
Ginger 0.5
Coriander 0.5
Cumin 0.5
Corn Flour 4.0
Salt 2.0
Sugar 2.0
Total 10
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Cooking procedures of soup powders

For descriptive test, aboutl25 g of soup
formulation was used in which 1750 mls of
water was added and boiled for 5 minutes
(Farzana et al., 2017 with modification).
Gas cooker was used for cooking the soup.
This amount served 10 panelists. The same
concentration was used to prepare for large
groups of panelists.

Quantitative descriptive analysis (QDA)

A descriptive sensory profiling was
conducted at the Department of Food
Technology, Nutrition and Consumer
Sciences, Sokoine University of Agriculture
by trained sensory panel according to the
method described in Lawless and Heyman
(2003).Tenfemale assessors aged between
21 to 39 years, were purposively chosen
because they are responsible to prepare food
for their children (1-5 years).Thus they
determine whether they accept or reject the
food on behalf of their children. The
assessors were selected and trained
according to 1SO Standard (2005). In a pre-
testing session, the assessors were trained in

developing sensory descriptors and the
definition of the sensory attributes. They
developed a test vocabulary describing
differences between samples and agreed to a
total number of attributes on colour, aroma,
texture, taste and mouth feel (Table 3). An
unstructured line scale was used for rating
the intensity of each attribute where by
assessors indicated appropriate  number
against each characteristic - colour, aroma,
texture, taste and mouth feel. The left side of
the scale corresponded to the lowest
intensity of each attribute indicated by 1 and
the right side corresponded to the highest
intensity indicated by 9 as shown in the
descriptive sensory form attached in
Appendix 1. Descriptive analyses of four
soup samples were carried in one session
and each assessor evaluated four samples
per session. The samples were coded with 3-
digit random numbers and served to each
panelist in a randomized order. Water was
served alongside samples for rinsing mouth
before evaluating other samples during the
test. Form for QDA is attached in Appendix
1.

Table 3: Definitions of sensory attributes used in descriptive sensory analysis Parameter

Attribute Definition

Attribute Definition

Colour Colourintensity Degree of greenish in the colour Clear, strong colour.

Aroma Vegetable romatics associated with dried vegetables.

Texture The degree of coarseness. It also includes the consistency, thickness,
fragility, chewiness and the size and shape of particles in food (The force
required to bite through the sample.

Taste The taste associated with the intensity of bitterness.

Mouth feel Feeling when the food is in the mouth is it good or bad.

(Sharif et- al., 2017 with modification)
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Consumer test

The test was carried out at Ipoipo area,
Mazimbu road- Morogoro by 30 untrained
female consumers aged between 21- 69
years, using a 7-point hedonic scale (where
1 = Dislike very much and 7 = 7-Like very
much) as described by Lawless and Heyman
(2010).Samples were poured into plastic
bowl coded with 3-digit random numbers, in
a randomized order and served to the
panelists at 4 pm. Panelists were also given
distilled water for rinsing the mouth.
Panelists were instructed to rate the colour,
aroma, taste, texture, mouth feel and overall
acceptability of each sample indicating their
degree of liking or disliking by putting a
number as provided in the hedonic scale
according to their preference. Testing was
completed in one session and each consumer
evaluated all the 4 formulations. This
evaluation was conducted under the same
conditions as for the sensory descriptive test.
Sensory form for consumer test is attached
in Appendix 2

Statistical data analysis

Data was analyzed using R software version
3.5.3 (Stats package) Data were subjected to
one-way ANOVA to establish if there was
significant (p<0.05) variation and interaction
between means of four soup powder
formulations at (p<0.05). Means were
separated by Turkey’s Honest Significant
Difference at p <0.05. Principal component
analysis (PCA) and Partial Least Squares
Regression (PLSR) were also performed.
The main sources of systematic variation in
the average sensory descriptive results were
determined by using Principal Component
Analysis (PCA) while the relationship

between descriptive data and hedonic liking
from the consumers were determined by
PLSR. The variables were standardized and
full cross-validation was  applied.
Correlation loading plots were applied with
circles indicating 50 and 100% explained
variance, respectively.

RESULTS

Quantitative Descriptive analysis test
(QDA)

Product effect

Mean intensity ratings of descriptive
attributes of the vegetable soup are shown in
Table 4. There were significant (p<0.05)
differences in mean intensity scores between
soup formulations. In terms of colour, F1
had the highest score which was statistically
(p<0.05) different from the rest of the
samples. The aroma scores for F1 and F2
were not statistically (p>0.05) different but
signicantly differed from F3 and F4 which
were similar. F3 and F4 scored the highest
scores for taste and differed significantly
(p<0.05) from F1 and F2 which did not
differ. F1 scored the highest for mouth feel
and was statistically different from F2 and
F3. Texture scored highest in F4 and F3
which were not statistically different but
differed from F1 and F2. F1 samples had
higher mean intensity scores in colour,
aroma, and mouth feel than F 4 samples,
which had higher texture and taste scores.
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Table 4: Mean attribute intensity descriptive scores of vegetables soup samples

Sample Colour Aroma Taste Mouth feel Texture
F1 7.7+0.822 5.1+1.272 4.1+0.57° 6.5+0.712 5.8+0.92°
F2 7.1+1.60P 5.1+1.272 4.1+2.00° 5.9+1.20% 5.4+1.00°
F3 6.0+0.94¢ 4.5+1.43° 4.7+0.482 5.3+0.67"° 6.2+0.922
F4 6.3+1.16"° 4.2+41.32° 5.4+0.84% 4.8+1.23° 6.5+0.85%

Values are expressed as mean +SD (n=10). Mean values with different superscript letters
along the column are significantly different at p<0.05

Hedonic test

Mean hedonic scores of the vegetable soup
are shown in Table 5. Colour ranged from
4.3 to 5.9 whereby F4 had the lowest score
which was statistically different (p<0.05)
from the rest of the samples. Aroma score
ranged between 4.00 and 5.40, and F4 had
the least score and was significantly
different (p<0.05) from the rest of the
samples. For taste, values between 4.2 and
5.3 were recorded, whereby F3 and F4 had
the lower scores which statistically differed
(p<0.05) from both F1 and F2 which were

not different (Table 5). No significant
differences (p<0.05) were observed for
mouth  feel scores between the 4
formulations. In conclusion, the general
acceptability for samples F1 and F2 were
higher and statistically different (p<0.05)
from F3 and F4 which had lower values.

Table 5: Mean hedonic scores for the vegetable soup formulations

Sample Colour Aroma Taste Mouth feel  Acceptability
F1 5.93+1.012 5.30+1.228 5.30+1.158  5.30+1.20°  5.60+1.502
F2 5.63+1.712 5.10+1.68%° 4.90+2.00®°  5.00+1.63*  5.00+1.552
F3 5.30+1.15% 5.40+1.28% 4.50+1.70° 4.80+1.218  4.50+1.60°
F4 4.30+2.22° 4.00£1.81° 4.20+2.08°  4.80+1.36°  4.40+1.81°

Values are expressed as mean £SD (n=30) where Mean values with different superscript
letters along the column are significantly different at p<0.05.

Relationship between descriptive data
and acceptability data by Partial Least
Square Regression (Preference mapping)
Principal component of descriptive
sensory data

Figurel. shows a bi-plot on average sensory
attributes of the soup. where by the two first

significant principal components from
Principal Component Analysis (PCA) are
indicated on Fig 1. The obtained results
showed principal component (PC) 1
accounted for 96.6% of the systematic
variation in the data while principal
component (PC) 2 accounted for 2.96%. PC
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1 was a contrast between formulation 1 and
2 which correlated positively with colour,
mouth fell and aroma attributes on one side
and formulation 3 and 4 which correlated
positively with texture and taste attributes on

the other side. PC 2 was contrast between F1
and F4 which correlated positively with
mouth feel, colour and taste in one side and
F2 and F3 which correlated positively with
aroma and texture attributes on other side.
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Figure 1 Bi-plot from PCA of descriptive sensory data for vegetable soup formulations

Relationship between descriptive data
and hedonic liking by PLSR

The partial least square regression (PLSR)
shows descriptive data as X-variables and
liking rated by the consumers as Y-variables
as indicated in Figure 2. Variance was
relatively high; the two first significant
components described 85% of the variation
in X and 71% in Y. The figure shows that
many consumers fall to the right of the
vertical Y-axis, outside the 50% explained

circle which means that, the acceptance
values of these persons go in the direction of
F1 sample associated with colour, mouth
feel and aroma intensities. Taste and texture
attributes correlated positively sample F4
very few consumers on that side. This
implies that, colour, mouth feel and aroma
were the main drivers for consumers liking
of the vegetables soup formulations in this
study as supported by regression coefficient
(Figure 3)
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Figure 2: Correlation loadings from a partial least squares’ regression of vegetable soup
formulations with descriptive data as X variables and hedonic rating as Y variables.

Figure 3 shows the importance of each
attribute in consumer liking of the vegetable
soup formulations. It shows that colour,
aroma and mouth feel are positively
correlated with liking while texture and taste

are negative correlated with liking. Most of
the consumers liked the soup formulated due
to its colour, aroma and mouthfeel and few
consumers liked the vegetable formulated
soup due to its taste and texture.
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DISCUSSION

Quantitative descriptive analysis

The F1 formulation had high intensity scores
for color, aroma and mouth feel as shown in

3 4 5

Sensory Attributes
Figure 3. Regression coefficients of PLSR showing importance of each attributes on
consumer liking of vegetables soup formulation/ 1= Colour, 2= Aroma, 3=Texture, 4=Taste
and 5 =Mouth feel.

Table 4. The high color, aroma and mouth
feel score in F1 may be due to high
proportional of sweet potatoes leaves which
was an excellent source of chlorophylls and
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carotenes. This is also revealed by Dinu et
al., 2018 who explained on the importance
of sweet potatoes leaves as an excellent
source of chlorophylls and carotenes which
are primary photosynthetic pigment that
determine the green colour of plants. The
green colour is an aesthetic quality highly
valued in vegetables. Moreover, the degree
of greenness attributed to chlorophyll
pigments is important in determining the
final quality of these kinds of vegetables
since colour is one of the major quality
indicators for vegetable products (Nisha et
al., 2004). The higher the concentration of
this pigment the greater the color intensity.
However, itis easily degraded during
processing and is susceptible to chemical
and physical changes during processing. It is
less stable to heat due to conversion of
chlorophyll to pheophytin. This occurs
through the magnesium substitution of the
chlorophyll by hydrogen which results in
colour changes in green vegetables
(Turkmen et al.,2006). The drastic
irreversible changes, causes a change from
bright green to olive brown (Kumar et al.,
2013).

It is well-known that excessive heating of
food products causes considerable losses in
the organoleptic quality of food. Blanching
inactivates  chlorophyllase and  other
enzymes responsible for senescence and
rapid loss of green colour. Alkalizing agents
in  brine solutions, such as sodium
bicarbonate, disodium glutamate, sodium
hydroxide, and magnesium hydroxide, have
been used to raise the pH of green
vegetables and therefore, retain chlorophyll
after processing (Koca et al., 2007). The
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degree of greenness, attributed to
chlorophyll pigments, is important in
maintaining the final quality of these kinds
of vegetables (Nisha et al., 2004).
Chlorophyll  compounds  fulfill  certain
biological functions that are effective as
long as the chlorophyll derivative conserves
the basic porphyrin ring  structure.
Chlorophyll  absorbs  sunlight  during
photosynthesis and converts it to energy to
plant as well as stimulating immune system,
help combat anemia, normalize blood
pressure, purifying blood and liver
detoxification, help prevent cancer and is
being used in cancer therapy (Inanc et al,.
2011). Thus, the presence of chlorophylls
and their transformation products contribute
organoleptic attributes such as colour and
odour to the soup product (Minguez-
Mosquera et al., 2002 and Turkmen et al.,
2006).

The quantity of sweet potato leaves was
highest in formulation F1, followed by F2
then F3 and F4. The concentration of the
leaves affected the greenish colour which
increased with increasing concentration of
sweet potato leaves. High intensity of taste
in this study described by bitterness, was
revealed DbyF4 which scored highest
intensity for taste. The bitterness in F4could
have been contributed by high proportional
of Cassava leaves compared to other
formulation. F4 soup formulation was found
to be the least acceptable probably due to
high levels of residual cyanogen.
Umuhozariho et al., 2013 demonstrated a
strong correlation between bitter taste and
cyanogen (HCN) potential in cassava. The
high texture of F4 may be attributed by high
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proportional of Sweet potato leaves
compared to other formulations which is
associated with tenderness, thus make the
texture softer than all formulations. The
finding supported by the Bonsi et al., 2014,
who explained on the tenderness of sweet
potatoes leaves was due to lower fiber
content than other tropical root crops such as
cassava and the low fiber content coupled
with high moisture content makes them
generally much tender than cassava leaves.
Followed by F3 where the bitterness may be
due to high concentration of Amaranth
among all formulation.

Consumer test

Table 5. Shows that consumers acceptance
to the formulation where FI and F2 were
highly accepted than F3 and F4. Colour is a
primary attribute, which attracts consumer
attention  and  therefore  influences
acceptance (Nkuba et al.,, 2018). The
currentstudy also found that acceptability
scores reduced with increasing concentration
of amaranth, F1 with 60% amaranth, F2
with 70% amaranth and F3 with 80% with
acceptability mean score of 5.6, 5.0 and 4.5
respectively. This is probably caused by
proportional of amaranth in the vegetable
soup formulation since as proportional
increase the colour were changed to dark
green colour. A study by (Gupta and
Prakash2011) found similar observations
whereby a micronutrient-rich traditional
product incorporated with Amaranths at 4, 8
and 12% levels resulted in an inverse
relationship where the overall acceptability
score at (p<0.05) was 7.97 ,6.99 and 6.57
respectively. Another study of soup mix
made in three different proportions of
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amaranths leaves powder and arrow root
starch in the ratio of 5:55, 10:50, 15:45
respectively revealed that soup prepared by
using 5:55 (amaranths leaves powder:
arrowroot starch powder) had maximum
acceptability  (Peje, 2019).  Another
consumer study for the four varieties of
maize flour were composited with amaranth
leaf powder at the level of 0, 1 and 3%
(w/w) substitution respectively and extruded
into snacks showed that the acceptability of
the snacks decreased with increasing
amaranth concentration, only a very small
proportion (2-8%) of the panel liked the
snacks extremely (Beswa,2016). The
findings from Ssepuuya, (2018) on the
contribution of instant amaranth soup to
boarding school and adolescents showed
that formulated soups acceptability ranged
between 6.0 and 6.7 for all the sensory
attributes, except mouthfeel and aftertaste
(had scores between 5.4 and 6.0). Thus,
different consumer has different choice and
preference towards product liking and
acceptance. = The  varied consumers’
preferences provided insight into the sensory
attributes that are important to individual
consumer acceptability of samples (Mongiet
al., 2013). According to literature, drivers of
liking defined as the attributes, which have
the most important effects on overall liking
(Kuesten and Bi, 2018). This is also
supported by Barrett et al., (2010) who
explained that once customer is attracted by
the appearance and color of a product, this is
usually followed by putting it into the
mouths, where the aroma and taste take
over. Another study also described the
importance of colour as primary attribute
which attracted consumer attention therefore



Abdallah, A.1 and Chove, L.M, Tanzania J. Sci & Technol., (2021), Vol. 4(1), 1- 17

influences the mind of the consumer when
choosing food and therefore acceptance
(Pobee et al., 2017). Therefore, to attract
consumers, food colour is an important
attribute to be considered when preparing
food.

Relationship between descriptive
attributes and acceptance by the Partial
Least Square Regression (PLSR)

Figure 1 shows correlation between
descriptive attributes and hedonic through
Principle Component Analysis (PCA). F1
was closely associated with colour, aroma
and mouth feel. This is supported by Figure
3, which shows the contribution of each
attribute  towards the acceptance of
vegetable soup formulations and provide
insight into the sensory attributes that are
important  to  individual’s  consumer
preference of soup. Good color, aroma and
mouth  feel  attributes were  strong
contributors while texture and taste being
negatively related implying H—was—net—a
weak contributor for soup preference.
Vegetables soup formulation F1 and F2
were positively correlated to colour, aroma
and mouthfeel (Figure 3). This may—be
might have been enhanced by the high
proportional of sweet potato leaves and the
average proportional of amaranth (60,70,80
and 40) % for F1, F2, F3 and F4
respectively Although F4 was positively
correlated with texture and taste, most
consumers did not prefer the taste and
texture of the formulated soup vegetables
(Figure 3). However, color and appearance
are the preliminary attributes that attract
consumers to a food product and hence
considered as guide for a good quality of
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foods associated with acceptability (Singh,
2014). Though in the current study
acceptability of the formulated soup
increased in the following order F1, F2, F3
and finally F4 which was based on the
colour, aroma and mouth feel.

CONCLUSION

Acceptability of healthy solar dried
vegetable powders is important for the
nutrition and well-being of consumers. The
current study revealed that colour, mouth
feel and aroma were the drivers for positive
consumer preference. These attributes were
positively correlated with liking while
texture and taste were negatively correlated.
All formulated soups were acceptable. F1
was the most acceptable and F4 the least
acceptable. Solardrying of vegetables to
produce powdered soups, may be considered
as a practical way to preserve fresh
vegetable which can be used during off
season.This would ensure availability of the
soups throughout the year and hence
improve the health and well-being of the
community.

ACKNOWLEDGEMENT

The authors would like to acknowledge for
financial support from VEGI-LEGG project
(Germany) and Sokoine University of
Agriculture (Tanzania) for laboratory and
office spaces.

REFERENCES
Abeysinghe, C.P. and Illepruma, C.K.
(2006) Formulation of an MSG

(Monosodium Glutamate) Free Instant
Vegetable Soup Mix. Journal of the



Abdallah, A.1 and Chove, L.M, Tanzania J. Sci & Technol., (2021), Vol. 4(1), 1- 17

National Science Foundation of Sri
Lanka, 34, 91-95

Agiriga, A. N., lwe, M. O., Etoamaihe, U. J.,
&Olaoye, O. A. (2015). Impact of
different blanching treatments on the
nutritional and sensory properties of
oven dried carrot slices. Sky Journal of
Food Science, 4(7), 102-107.

Ahmed, J., Shivhare, U.S. &Debnath, S.
(2002) Colourdegradation and rheology
of green chilli puree duringthermal
processing.International  Journal  of
Food Scienceand Technology,37, 57—
63.

Baradey, Y., Hawlader, M. N. A., Ismail, A.
F., Hrairi, F., &Rapi, M. (2016). Solar

drying of fruits and vegetables.
International  Journal of Recent
Development in Engineering and

Technology, 5(1), 1-6.

Barrett, D. M., Beaulieu, J. C., &Shewfelt,
R. (2010). Color, flavor, texture, and
nutritional quality of fresh-cut fruits and
vegetables: desirable levels,
instrumental and sensory measurement,
and the effects of processing. Critical
reviews in  food science and
nutrition, 50(5), 369-389.

Beswa, D., Dlamini, N. R., Siwela, M.,
Amonsou, E. O., &Kolanisi, U. (2016).
Effect of Amaranth addition on the
nutritional composition and consumer
acceptability of extruded provitamin A-
biofortified maize snacks. Food Science
and Technology, 36(1), 30-39.

Bonsi, C. K., Jackai, L. E., Dingha, B. N.,
Numfor, F. A., Ntonifor, N. N.,
Nkongho, G. O., &Achidi, A. U.
(2014). Sweet potatoes in Cameroon:
Nutritional profile of leaves and their

14

potential new use in local foods. African
Journal of Agricultural Research, 9(18),
1371-1377.

Carvalho, A. V., Bassinello, P. Z., Mattietto,
R.D. A., Rios, A. D. O., de Lima, A. C.
P., Koakuzu, S. N., &Carvalho, R. N.
(2013). Physicochemical, technological
and sensory characteristics of a rice (O
ryza sativa L.) and bean (P haseolus
vulgaris L.) soup prepared by
extrusion. International journal of food
science & technology, 48(10), 2057-
2063.

Dinu, M., Soare, R., Babeanu, C., &Hoza,
G. (2018). Analysis of nutritional
composition and antioxidant activity of
sweet potato (Ipomoea batatas L.) leaf
and petiole. Journal of Applied Botany
and Food Quality, 91, 120-125.

Farzana, T., Mohajan, S., Saha, T., Hossain,
M. N. &Haque, M. Z. (2017).
Formulation and nutritional evaluation
of a healthy vegetable soup powder
supplemented  with  soy  flour,
mushroom, and moringa leaf. Food
science & nutrition, 5(4), 911-920.

Gupta, S., &Prakash, J. (2011). Nutritional
and sensory quality of micronutrient-
rich traditional products incorporated
with green leafy
vegetables. International Food
Research Journal, 18(2).

Green-Petersen, D. (2010). Sensory Quality
of Seafood-in the chain from catch to
consumption. Technical University of
Denmark.

Inang, A. Levent. "Chlorophyll: Structural
Properties, Health Benefits and Its
Occurrence in Virgin Olive



Abdallah, A.1 and Chove, L.M, Tanzania J. Sci & Technol., (2021), Vol. 4(1), 1- 17

Oils." Academic Food
Journal/Akademik GIDA (2011).

Jain, A., & Grewal, R. B. (2015).
Development and quality evaluation of
value-added extruded snacks by
supplementing Amaranth and Guar gum
in mixed cereal flour formulation
constituting maize, rice and

wheat. International Journal of Recent
Scientific Research, 6(9), 6221-6227.

James, A., &Matemu, A. (2018).
Formulation of a novel mixed dried
vegetables product for improved iron,
zinc and vitamin A accessibility. Cogent
Food & Agriculture, 4(1), 1531806.

Koca, N., Karadeniz, F., &Burdurlu, H. S.
(2007). Effect of pH on chlorophyll
degradation and colour loss in blanched
green peas. Food Chemistry, 100(2),
609-615.

Kuesten, C., & Bi, J. (2018). Temporal
Drivers of Liking Based on Functional

Data Analysis and Non-Additive
Models for Multi-Attribute  Time-
Intensity Data of Fruit

Chews. Foods, 7(6), 84.

Kumar, D. P., Hebbar, H. U., & Ramesh, M.
N. (2006). Suitability of thin layer
models for infrared-hot air-drying of
onion slices. Lebensmittel-Wissenschaft
and Technologie -Food Science and
Technology, 39(6), 700-705.

Kumar, R., Rajamanickam, R., &
Nadanasabapathi, S. (2013). Effect of
Maillard Reaction Products (MRP) on
Chlorophyll Stability in Green Peas.
Food and Nutrition Sciences, 04(09),
879-883.

Lawless, H. T and Heymann, H. (2003).
Sensory Evaluation of Food: Principles

15

and Practices. (2" Edition). Springer,
New York, USA. 596pp.

Lawless, H. T., & Heymann, H.
(2010). Sensory evaluation of food:

principles and practices. Springer
Science & Business Media.
Manhivi, V. E., Sultanbawa, Y.,

&Sivakumar, D. (2020). Enhancement
of the phytonutrient content of a gluten-
free soup using a composite of
vegetables. International Journal  of
Food Properties, 23(1), 1051-1065.

Minguez-Mosquera, M.I., Gandul-Rojas, B.,
GallardoGuerrero, L. &Jaren-Galan, M.
(2002) Chlorophylls. In: Methods of
Analysis for Functional Foods and
Nutraceuticals (edited by W.J. Hurst),
Pp. 159-218. Boca Raton: CRC Press

Mongi, R. J., Bernadette, N., Chove, B.,
&Wicklund, T. (2013). Descriptive
sensory analysis, consumer liking and
preference mapping for solar dried
mango cv Dodo. Food Sci. Qual.
Manag, 16, 16-23.

Nisha, P., Singhal, R.S. &Pandit, A.B.
(2004) A study onthe degradation
kinetics of visual green colour in
spinach (Spinacceaoleraceal..) and the
effect of salt there in.Journal of Food
Engineering,64, 135-142

Nkuba, M. D. E., Joyce, K., Wendelin, M.
A., & Beatrice, E. (2018). Sensory
evaluation of improved and local
recipes for children aged 6 to 23 months
in Bukoba, Tanzania. African Journal of
Food Science, 12(11), 297-308.

Obiakor-Okeke, P. N., Obioha, B. C.,
&Onyeneke, E. N. (2014). Nutrient and
sensory evaluation of traditional soups
consumed in Igbere community in



Abdallah, A.1 and Chove, L.M, Tanzania J. Sci & Technol., (2021), Vol. 4(1), 1- 17

Bende local government area, Abia
State, Nigeria. mental, 2, 4.
Peje, S. G. (2019). Dehydration studies of

amaranthus (amaranthuscruentus)
leaves for making rts  soup
mix (Doctoral dissertation, dbskkv.,
Dapoli).

Pobee, R. A., Johnson, P. N. T., Akonor, P.
T., &Buckman, S. E. (2017).
Nutritional, pasting and sensory

properties of a weaning food from rice
(Oryza sativa), soybeans (Glycine max)
and kentmango (Mangiferaindica) flour
blends. African  Journal of Food,
Agriculture, Nutrition and
Development, 17(1), 11533-11551.

Singh, D., and Maharaj, R. (2014). Sensory
evaluation as a tool in determining
acceptability of innovative product
development by undergraduate students
in Food Science and Technology at the
University of Trinidad and Tobago.
Journal of curriculum and teaching,
3(1): 10-27

Senanayake, S. A., Ranaweera, K. K. D. S.,
Gunaratne, A., & Bamunuarachchi, A.
(2014). Formulation of Vegetable Soup
Mixture Using Physically Modified

16

Sweet Potato Starch as a
Thickener. Journal of Food Processing
& Technology, 5(4), 1.

Sharif, M. K., Butt, M. S., Sharif, H. R.,
&Nasir, M. (2017). Sensory evaluation
and consumer acceptability. Handbook
of Food Science and Technology, 361-
386

Ssepuuya, G., Katongole, J.,
&Tumuhimbise, G. A. (2018).
Contribution of instant amaranth
(Amaranthushypochondriacus L.)
-based vegetable soup to nourishment of
boarding  school adolescents. Food
Science & Nutrition, 6(6), 1402-1409.

Tanzania Bureau of Standards (2013).
Tanzania Standard on Vitamin and
mineral food  supplements  —
Requirements TZS 1657: 2014- EAS
797:  2013.Tanzania  Bureau of
Standards, Dar es Salaam, Tanzania

Turkmen, N., Poyrazoglu, E. S., Sari, F., &
SedatVelioglu, Y. (2006). Effects of
cooking methods on chlorophylls,
pheophytins and colour of selected
green vegetables. International Journal
of Food Science &Technology, 41(3),
281-288.



Abdallah, A.1 and Chove, L.M, Tanzania J. Sci & Technol., (2021), Vol. 4(1), 1- 17

APPENDICES
Appendix 1: Quantitative Descriptive Sensory Evaluation Form

Sensory Evaluation Form Quantitative Descriptive Analysis (QDA) of Iron rich product.
SeX.uiiiiiiiiii Age............. Date.....ooovviiiiiii Time..........ceeee.

Please evaluate each coded sample in the order they are listed. Choose appropriate number in a
scale from 1 to 9, where 1 is low intensity and 9 is high intensity. How do you find the
following characteristics for Product? Put the appropriate number against each characteristic.
Colour, aroma, texture, taste and mouth feel

Sample number ...

Colour

Faint 1 2 3 4 5 6 7 8 9
Very concentrated

Aroma
Not aromatic 1 2 3 4 5 6 7 8 9
Aromatic

Texture
Not soft 1 2 3 4 5 6 7 8 9
Soft

Taste
Not bitter 1 2 3 4 5 6 7 8 9
Bitter

Mouth feel
Not good 1 2 3 4 5 6 7 8 9
Good

What is your total liking of the product?

17
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Appendix 2: Consumer test form Sensory Evaluation Form

Consumer test of Iron rich product

Please evaluate each of the coded samples from left to right. Indicate how much you like or
dislike each sample by checking the appropriate sample attribute and indicate your preference
(7-1) in the column against each attribute. Put the appropriate number against each attribute. Key

:7-Like very much, 6- Like moderately, 5-Like slightly, 4-Neither like nor dislike, 3-Dislike
slightly, 2-Dislike moderately, 1- Dislike very much.

Sample code
Attribute Coded number | Coded number | Coded number | Coded number
(Sample 174) | (Sample 668) | (Sample 296) | (Sample 353)
Color
Taste
Aroma
Mouth feel

Overall Acceptability

Comments
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