

























































































































































































Table 3-1: List of Selected Markets in the Districts in Greater Accra Region

District Market District Markets

Accra Metropolis Makola Ga West Municipal Achimota
Market Market

Ada East District Kassah Kpone Katamanso Kpone Market
Market

Ada West District

Adenta Municipal

Ashaiman
Municipal

Ga Central
Municipal

Ga East Municipal

Ga South Municipal

Sege station

Adenta
Market

Ashaiman
Market

Anyah
Market

Dome
Market

Mallam
Market

La Dade Kotopon
Municipal

La  Nkwantanang
Madina Municpal

Ledzokuku/Krowor
Municipal

Ningo Prapram

Shai Osudoku
(Dangme West)

Tema Metropolis

La Market
Madina Market
Nungua Market
Dawhwenya
Market

Dodowa Market

Community 1
Market
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Table 3-2: List of selected streets in the Districts in Greater Accra Region

District Streets District Streets

Accra CMB Ga West Municipal Achimota Main
Metropolis Road

Ada East Ada Foh Kpone Katamanso Kakasunanka
District Road

Ada West Sege Road La Dade Kotopon La Park Road
District Municipal

Adenta Adjiriganor La Nkwantanang Madina  Trafic
Municipal Traffic Light Madina Municpal Light

Ashaiman Ashaiman Ledzokuku/Krowor Nungua  Main
Municipal Road Municipal Road

Ga Central Awoshie Ningo Prapram Dawhwenya-
Municipal Traffic light Afienya Junction
Ga East Dome Pillar Shai Osudoku Dodowa  Main
Municipal 2 (Dangme West) Road

Ga South Gbawe Tema Metropolis Community 1
Municipal Junction Road

A proportionate sample size determination criterion was used to obtain the number of traders
(wholesalers/retailers) to be enumerated in this study. The reason for using proportionate
sample size determination criterion was that, the number of traders (wholesalers/retailers) of
tigernuts varied greatly across the various markets, hence for each market, the sample size

obtained for the traders (wholesalers/retailers) was based on the Equation 3-1:

Intended Sample Equation 3-1

_ , X District population size
Population size of Accra 08

The 2020 population projection estimate was used as a baseline for the determination of sample
sizes for traders (wholesalers/retailers) in the respective markets. The intended sample size for
the traders (wholesalers/retailers) was 500 but as a result of non-response from some of the
retailers, a total response of 487 were gathered. Additionally, it was observed that the number

of tigernut traders (retailers) on the streets (street hawkers) were fewer than market traders
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liquefaction of starch, maltose manufacturing, manufacturing of high fructose syrups,
manufacturing of oligosaccharides mixture, maltotetraose or G4 syrup manufacture, among
others (Tapsoba, 2016). There is limited literature on the addition of alpha amylase to tigernut
milk extract. There is also limited literature on the effect of roasting of dried tigernut prior to
milk extraction as previous studies have been limited to roasting prior to sprouting which was
followed by milk extraction. The purpose of this study was to evaluate the effect of roasting

and addition of alpha amylase on the functional properties of the tigernut milk.

6.2 Materials and Methods
6.2.1 Sources of materials
Pre-sorted and cleaned tigernut purchased from markets and streets of the Greater Accra region

(Table 3-1- and Table 3-2) were used for the preparation of the tigernut milk extracts.

6.2.2 Sample Preparation of VVariants of Tigernut Milk

For each variety of tigernut, the following variants of milk were prepared:

e  Fresh tigernut milk;

e  Fresh tigernut milk + 0.2% alpha amylase;

e  Fresh Tigernut Milk + 0.5% alpha amylase;

e Roasted Tigernut milk;

e Roasted tigernut milk + 0.2% alpha amylase and
e Roasted Tigernut Milk + 0.5% alpha amylase.

Figure 6.1 highlights the process flow for the preparation of the variants of tigernut milk.
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I FRESH TIGERNUT TUBERS I

|

I

WEIGH 4006 ROASTING (OVEN PREHEATED
120° FOR 30 MINS)
WEIGH 400G
BLEND WITH 1L OF WATER
BLEND WITH 1L OF WATER
FILTRATION (MUSLIN
CLOTH) FILTRATION (MUSLIN
CLOTH)
}
FRESH TIGERNUT EXTRACT ROASTED TIGERNUT
EXTRACT
[
| | | |
ADDITION OF 0.2% || ADDITION OF 0.5% ADDITION OF 0.2% || ADDITION OF 0.5%
ALPHA AMYLASE ALPHA AMYLASE ALPHA AMYLASE ALPHA AMYLASE
TIGERNUT +0.2% || TIGERNUT +0.5% ROASTED TIGERNUT || ROASTED TIGERNUT
FRESH TIGERNUT FRESH TIGERNUT
MILK VARIANT ALPHA AMYLASE || ALPHA AMYLASE S +0.2% ALPHA +0.5% ALPHA
VARIANT VARIANT AMVYLASE VARIANT || AMYLASE VARIANT

Figure 6.1: Process flow for the preparation of tigernut milk variants used in this study
a) Fresh Tigernut Milk

400g of previously soaked tigernuts (black and yellowish-brown varieties) was blended in an
electric blender (Toni 767 Heavy Duty Commercial Grinder Blender) with 1000ml of clean
water for 60 seconds. The slurry obtained was paced in a muslin cloth and the milk was

squeezed out.
b) Roasted Tigernut Milk

Each variant of clean tigernut was placed in an oven to roast (180°C for 30 minutes). 400g of

each variety of roasted and cooled tigernut was blended in an electric blender (Toni 767 Heavy
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7.2 Materials and Methods

7.2.1 Sample preparation: Soxhlet extraction and fat content determination of tigernut
tubers
Tigernut samples purchased from traders (wholesalers/retailers) in the Greater Accra Region

(Table 3-1 & Table 3-2) were used for the preparation and analysis of the oil.

AOAC Method 920.39 (Soxhlet extraction method with diethyl ether) was used for the oil
extraction from tigernut tubers. This was done in the Botany Laboratory of the University of
Ghana. A pre-heated 2000ml volumetric flask was accurately weighed and the mass recorded.
4kg of each variety of pre-sorted and cleaned, crushed and dried. The dried tigernut was
measured and placed into separate 25% 10 cm paper thimbles. A ball of small glass wool was
used to cover the samples in the thimbles. This was done to prevent sample loss. Petroleum
ether (100ml) with boiling point 40 - 60°C was added carefully to a pre-weighed extraction
flask. A Soxhlet extraction set-up was mounted and the samples were refluxed for 5 hours at a

50°C on the heating mantle. The extraction process was performed on each tigernut sample.

The solvent for each sample was recovered by distillation after the extraction process. The oil
produced by the samples in the flasks was heated in a temperature-controlled oven at 60°C to
evaporate the solvent. The flasks were positioned in a desiccator and cooled to room
temperature. The flasks were weighed to determine the weight of the oil collected for each

sample. For each sample, the fat content was determined according to the Equation 7-1.

YsFat (drv basis) = 0Oil collected (g)x 10
bFat (dry basis) = Weight of sample (g)
Equation 7-1
_ (Weight of flask + oil) — wt. of flask (g)x100
%Fat (dry basis) =

Weight of sample (g)
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CHAPTER EIGHT

8. OBJECTIVE 6: Physical and Nutritional parameters of Tigernut tuber

and its products

8.1 Introduction

Tigernuts are rich in essential dietary constituents which include energy contents (sugars, fat,
proteins, starch), minerals (potassium and phosphorus being the dominant ones), dietary fibre,
vitamins and phytochemicals (Vitamin C, E, a-tocopherol and phytosterols). Borges et al.
(2008) have stated that these nutritional benefits make them suitable for people on weight loss
programs as well as people with diabetes. The rich calcium and iron content of the tubers also
make them excellent for growth and development. Umerie and Enebeli, (1997) postulated that
tigernuts are excellent sources of linoleic, myristic and oleic acids. Sanful, (2009) established
that, fats and oils contribute 26%, glucose contributes 21%, proteins contribute 7% and starch
contributes 31% to the total energy of 1635kJ. The author also added that the tubers comprise
substantial fibre quantities, 14% of which are insoluble while 12% are soluble. The starch
content of the tubers is mainly made of the amylose and amylopectin components which are
structurally dissimilar. While amylopectin is heavily branched, amylose is linear, however,
both have vital roles in the overall functional properties (gelatinization, swelling ability,

viscosity, retro degradation etc.) of starch and their derivatives (Satin, 2006).

Several researchers have concluded that, tigernut oil has a comparable fatty acid composition
to olive oil (Zhang et al., 1996; Arafat et al., 2009; Muhammad et al., 2011; Yeboah et al.,
2011; Lopéz-Cortés et al., 2013; Adel et al., 2015). This conclusion was derived from the fact
that, the unsaturated fatty acid composition of tigernut oil comprised 80% of the total oil, with

64.2 to 68.8% being primarily oleic acid. Yeboah et al. (2011) and Lopéz-Cortés et al. (2013)
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found linoleic, stearic and palmitic acid as other fatty acids present in oil extracted from tigernut
tubers. Even though tigernut tubers are generally low in protein compared to other
macronutrients, research has reported significant quantities of essential amino acids like

arginine in tigernuts (Aremu et al., 2015; Temple et al., 1990).

Food processing is the transformation of food from their raw state to an intermediate or finished
product. Different methods of processing cause modifications in the nutritive constituents of
food. Other processing methods are, on the other hand, essential and responsible for the
bioavailability of nutrients. In terms of the nutritional quality of food, not only is the amount
of minerals, vitamins and other macronutrients important but also, their bioavailability to the
body. Research has postulated that the presence of food components such as tannins, fiber and
phytic acid inhibit the bioavailability of certain essential minerals like zinc, calcium and iron
(Reddy and Love, 1999). Thermal processing, according to Aamir et al., (2013) causes
alterations in the structure of the cell walls of food and thus the overall food matrix. These
modifications can release phytochemicals more readily for absorption into the body. On the
other hand, thermal processing also causes the degradation of heat-sensitive nutrients in food.
The objective of this study was to determine the physical properties of tigernut tuber and

macro-nutrients in tigernut tuber, milk and oil.

8.2 Materials and Methods

8.3 Sources of Materials

Tigernut samples purchased from traders (wholesalers/retailers) in the Greater Accra Region
(Table 3-1 & Table 3-2) were used for the physical and chemical analysis of the tigernut tubers

as well as the preparation and analysis of the tigernut flour, milk extract and oil.
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8.4 Sample Preparation

8.4.1 Sample Preparation of tigernut tubers

Sample preparation for the analysis of the tigernut tubers as well as the preparation of the

tigernut milk and oil included sorting, washing and drying of the tigernuts.
8.4.2 Sorting

Tigernuts sampled from the markets were thoroughly cleaned by brushing off soil particles and
debris. Both varieties were weighed separately. The nuts were sorted out to separate the

defective or damaged ones from those in good shape.

The defective ones were weighed, and the percentage loss was determined using Equation 8-1.

Wd Equation 8-1

%Loss = Wi

Where Wd = weight loss defective nut

Wi = initial weight loss before sorting

8.4.2.1 Washing and Drying
The sound tigernut samples from the sorting stage were divided into four portions for each
variety and for each location. The weighed-out portions were thoroughly washed in three sets
of clean water. The washed samples were drained out and spread on a clean mat, which had
been placed on a table in a low-ventilated room and made to dry overnight. The dried tigernut

samples were sealed into nylon bags and placed in the refrigerator prior to analysis.

8.4.3 Preparation of Tigernut Milk Extract
For each variety of tigernut, fresh tigernut milk extract was prepared following the process

highlighted in 6.2.2 (Sample Preparation of Variants of Tigernut Milk).
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8.4.4 Oil Extraction
The tigernut oil was extracted in the Botany Laboratory of the University of Ghana using the
AOAC Method 920.39 (Soxhlet extraction method with diethyl ether) as outlined in section

7.2.1 (Sample preparation).

8.5 Methods of analyses
Physical analyses were conducted on tigernut tubers. The chemical analyses were conducted
on the tigernut tubers, oil, milk and flour (moisture). Accelerated keeping quality tests were
also conducted on the tigernut oil and flour. All analyses were performed at the Mycotoxins
and Food Analysis Laboratories in the Department of Food Science and Technology, College
of Science of the Kwame Nkrumah University of Science and Technology.
8.5.1 Physical analysis of tigernut tubers

The bulk density, size and shape of tigernut tubers were determined as follows.

8.5.1.1 Bulk Density of tigernut tubers
The bulk density of the tigernut tubers was done using a well calibrated analytical mass balance

and a container of predetermined volume.
The bulk density of the tigernut sample was calculated using the Equation 8-2:

Bulk density of sample E ion 8-2
d 8 = Weight of sample quation 8

Volume of the container

8.5.1.2 Size and shape determination of tigernut tubers
Approximately ten Tigernut tubers were randomly picked from each sample set. The lengths
of these randomly selected tubers were measured using the Vernier calliper, with the nuts held
vertically between the nodes. The average measurements of each variety were compared in a

Tigernut chart (Figure 8.1) and assigned as micro, standard or large.
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The shape or morphology of 10 randomly selected tigernuts from each sample set (per location)
were analysed and compared to a shape chart as indicated in Figure 8.1 and assigned as either
Long (for cylindrically shaped tubers) or round (for spherically or circularly shaped tubers)

(TTSL, 2020)

TIGERNUT (Cyperus esculentus) CHART

1. Sizes

a) Micro Tigernuts
Length: 6 mm - 7 mm '
b) Standard Tigernuts

Length: S8mm - 11 mm .

c) Large Tigernuts

Wl
Length: 12 mm - 16 mm Q

2. Shape
a) Long : cylindrical
b) Round : spherical, circular

Figure 8.1: Tigernut shape and Size chart
Source: TTSL (2020)

8.5.2 Changes in the proximate composition of tigernut tuber when processed into its
milk and oil

The crude fibre, moisture, carbohydrate, fat, protein and ash content of the following samples

were determined using the AOAC (2012) methods and compared to ascertain their differences

as tigernut tubers are transformed into products
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e Tigernut tubers,
e Fresh tigernut milk extract and
e Tigernut oil

8.5.2.1 Moisture Content determination of tigernut tubers, fresh tigernut milk and
tigernut oil

The moisture and total solids of the samples were obtained using the difference in weight loss
after the sample had been heated in a temperature-controlled oven at 105°C. 5g of each sample
was approximately and carefully transferred onto two separate dishes that had already been
dried and weighed. The dishes were placed in an oven to be heated at a controlled temperature
of 105°C for 3 hours. After heating, the dishes were taken out and put in a desiccator at room
temperature to allow for cooling to take place. Samples were subjected to another 30 minutes
of drying and followed by cooling and reweighing. The procedures were done repeatedly until
a constant weight was achieved. Equation 8-3 was used for the calculation of the moisture

content in the samples.

Wet weight (g) — Dried weight Equation 8-3
Sample weight (g)

% of moisture content =

8.5.3 Mineral Ash content of tigernut tubers, fresh tigernut milk extract and tigernut
oil

To determine the mineral ash composition of each sample, 5g of the tigernut samples was

weighed and placed into an already weighed tarred crucibles. The crucibles were incinerated

for 12 hours at a controlled temperature of 600°C. The crucibles were taken out and left to cool

in a desiccator before weighing. The ash content of the samples was worked out according to

the Equation 8-4
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Weight of ash (g) x 100
Weight of sample (g)

% Ash =

% Ash

Equation 8-4
B (Weight of crucible + ash) — (Weight of empty crucile (g) x 100
~ (Weight of crucible + sample) — (Weight of empty crucibe (g))

8.5.4 Crude Fibre Determination of tigernut tubers and fresh tigernut milk

To determine the crude fibre, 2g of the sample was weighed for each sample and transferred
into separate Erlenmeyer flasks (750ml). 200ml of 1.25% H>SO4 was carefully pipetted and
added to the flasks. This was done to partition the samples. Each was immediately connected
to a Liebig reflux condenser and set on a temperature-controlled hot plate. Boiling was allowed
for 30 minutes for each flask, after which they were filtered separately through a clean linen
cloth placed in a filter and washed with a large volume of water. 200ml of a 1.25% of NaOH
was used to wash the filtrate back into the flasks. Each flask was then fastened to a condenser.
The flask was boiled gently for 30 minutes. Each boiled solution was filtered through a Fischer
crucible and washed carefully with water after which 15ml of 96% alcohol was added. The
crucible and content of each sample were dried for 2 hours at a temperature of 105°C and put
into a desiccator for cooling to take place until room temperature was attained. They were
weighed after drying to determine their masses. The samples in the crucible were intensively

heated in a furnace for 30 minutes, after which they were cooled in a desiccator and reweighed.

The percentage of crude fibre was calculated according to the following formulae in Equation

8-5.

% Crude fibre = Weight of crude (g) x 100 Equation 8-5
o Crude fibre = Weight of sample (g) q
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% Crude fibre

_ Weight of crucible + sample (before — after)ashing (g) x 100

Weight of sample (g)

8.5.5 Determination of Protein Content (Macrokjeldahl method) tigernut tubers, fresh
tigernut milk and tigernut oil
Approximately 2g of each of the samples was weighed into a cleaned digestion flask. 5 grams
of selenium- based catalyst together with a few grams of boiling chips and 25 ml of
concentrated H2SO4 were added to each sample in the flask. The flasks were shaken to ensure
that, the samples were thoroughly wet. The flasks were heated separately on a digestion burner
until a clear solution was produced and the boiling ceased. The digested sample solutions were
cooled to room temperature, after which they were transferred into a dry 100 ml volumetric

flask and topped up.

A 25ml portion of a 2% Boric acid (HsBOs) was carefully delivered by a pipette into two
previously dried 250ml conical flasks. Three (3) drops of a mixed indicator (Methyl Red-
Bromocresol Green) was added to each flask. The purpose of this mixture was to trap the
ammonia in the sample that would be produced. With the aid of a pipette, 10ml of each digested
sample solution was delivered into the separate decomposition flasks of the Kjeldahl unit and
fixed. After fixing, the digested sample solutions were neutralized with 40% NaOH solution.
The liberated Ammonia which was trapped into the collecting flasks containing the mixture of
the acid and indicator, was distilled until a volume of 155 ml was collected. The distillate
collected after the distillation process from each flask was titrated with 0.1 N standard HCI

solution.

The total nitrogen was calculated with Equation 8-6
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100 x (Va —Vb) x NAx 0.01401x 100

% total nitrogen =

Wx10
Equation 8-6
NFE (%) = 100 — (%EE + %CP + % CF + %ash)
Where:
e Va = volume in ml of standard acid used in e NFE =Nitrogen free extract
titration
e Vb =Volume in ml of standard acid used in the e EE = Ether extract
blank
¢ NA = normality of acid e CP = Crude protein

e W =Weight of sample taken (g) CF = Crude Fiver

8.5.6 Carbohydrate Content tigernut tubers, fresh tigernut milk extract and tigernut
oil

The carbohydrate content was determined using Equation 8-7below:

Carbohydrate (%)
Equation 8-7
= 100 — (%moisture + %fat + % Fibre + %protein + %ash)

8.6 Statistical Analyses
The Analysis of Variance test and independent samples t-test were used to determine the

significant differences in macro nutrients across the tigernut value chain for the various tigernut

products which includes oil and milk.

8.7 Results and Discussion

8.7.1 Physical Properties of Tigernut tuber
The physical properties of the tigernut tuber included the shape, weight and size. Sorting of

tigernuts was done to separate the bad tubers from the good ones. The percentage unwholesome
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tigernut after the sorting process (percentage loss) for the black tigernut was found to be 11.56

+ 0.41% whilst that of the yellowish-brown tigernut was 9.77 £ 0.92 %.

8.7.1.1 Classification of shape of Ghanaian tigernut tubers
The tubers were categorized into two types, based on their morphological variation using the
shape classification of the tubers of Cyperus esculentus are shown in Figure 3 5. This was done
on the basis on their colour (black or yellowish-brown) and shape (round or long) and results

are shown in Table 8-1.

Table 8-1: Summary of results on the shape of samples

Variety Shape N (%)
Round 216 65.5%

Black Long 144 34 5°

Yellowish-Brown Round 217 70%
Long 93 30°

Values are means of triplicates and £ standard deviation. Means for both varieties of tigernut
with different superscripts were significantly different at p<0.05

The types were identified as: black (round) and black (long) for the black variety, and
yellowish-brown (round) and yellowish-brown (long) for the yellowish-brown variety. In the
black samples collected, the black (round) type constituted 65.5% whereas the black (long)
consisted 34.5%. For the yellowish-brown variety, the yellowish-brown (round) made up 70%
of the samples whereas, the brown (long) variety constituted 30%. There was no significant
association between the variety and shape of the tigernuts according to the Pearson Chi-square
tests results of 1.509 which had a p-value of 0.219 (Table 8-1). The data indicates that for each
variety the round shape is far more dominant, and this has implications for equipment design

for processing.
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8.7.1.2 Bulk density and size of Ghanaian Tigernuts tubers
Table 8-2 presents the summary of the physical dimensions (bulk density and size) of the

tigernut tubers selected from the different sampling locations.

Table 8-2: Summary of the bulk density and size of Ghanaian Tigernut

Variety N Bulk Density (kg/m3) Mean size (length) (mm)
Black 33 862.35 £ 148.98° 13.39+ 1.872
Yellowish-Brown 31 738.81 + 141.41° 13.42 + 1.57%

Values are means of triplicates and + standard deviation. For each column, means for both
varieties of tigernut with different superscripts were significantly different at p<0.05

The mean bulk density of the black tigernut variety measured was 862.35 + 148.98 kg/m3

whilst that of the yellowish-brown variety was 738.81 £ 141.41 kg/m3.

The average size of the two varieties were 13.39+ 1.87 mm and 13.42 £ 1.57 mm for the black
and yellowish-brown varieties respectively (Table 8-2). There was no significant difference
between the sizes of the two varieties. The mean sizes of the tigernut tubers are greater than
the approximate average length of 12.09 mm, which was reported by Coskuner et al. (2002).
According to Gambo and Da’u (2014), the dimension of tigernut tubers ranges from 8 mm to
16 mm. Coskuner et al. (2002) asserted that, the size of tuber is proportional to the amount of

water it can absorb at a room temperature.

Therefore, the bigger the tuber, the greater the amount of water it can absorb (Gambo & Da’u,
2014). The mean lengths recorded for both the black and yellowish-brown tigernut cultivars

fall within the range of large tigernuts as shown in the tigernut chart (Figure 8.1). The sizes and
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bulk density of tigernuts have not been found to affect the properties and nutritional values of

the tubers.

8.7.2 Macro-nutritional composition of Tigernuts tubers, milk and oil
The macro-nutritional composition of the tigernuts tubers, milk and tigernut oil were

determined and results are discussed in the sections below.

8.7.2.1 Moisture content
The moisture content of the tigernut tubers, milk and oil of the different varieties were studied,

and the results shown in the Table 8-3.

Table 8-3: Moisture content of tigernut tubers, milk extract and tigernut oil

Product Variety Moisture (g/100g)

Black 24.44 + 3512
Tigernut Tubers

Yellowish-Brown 24.14 + 3.41°

Black 90.04+0.03%
Tigernut Milk

Yellowish-Brown 89.47+0.032

Black 0.054+0.00?
Tigernut Oil

Yellowish-Brown 0.0542+0.00?

Values are means of triplicates and + standard deviation. For each property, means for both
varieties of tigernut with different superscripts were significantly different at p<0.05

The average moisture content of black and yellowish-brown varieties collected in both streets
and markets was 24.44+ 3.519/100g and 24.14+ 3.41 g/100g respectively. This difference in
the moisture content between the varieties was not significant (p=0.619). It was also observed
that, the moisture content of both tigernut cultivars was higher than that of grains such as maize

(14-22%) (Weinberg et al., 2008) and cereals such as wheat (8.4%) (Nasir et al., 2003),

probably due to the high sugars level in the tigernut tubers. However, the results acquired in
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this study were lesser than those reported for other food tubers such as potato (78.759/100 g)
(Lombardo et al., 2012), yam (62.50g/100 g) (Abara, 2011) and sweet potato (70.54g/100g)
(Olayiwola et al., 2013), (Venkatachalam & Sathe, 2006). Moisture has been reported to make
food commaodities susceptible to the growth of mycotoxigenic fungi (Kortei et al., 2019). The
average dry matter content for roots and tubers vary depending on factors such as location,
climate, cultivation practices and cultivars. Venkatachalam and Sathe (2006) posited that, low
value for moisture contents in food is vital for the conservation of the quality and shelf life of

food.

The moisture content of the tigernut milk (90.04 + 0.02g/100g for black variety and for 89.47
+ 0.039/100g yellowish-brown variety) were relatively lower than the 92.90 + 0.02% that
which was reported by Adebayo-Oyetoro et al. (2019). However, results of moisture reported
in this study were higher than the 84.6 = 0.41% reported by Ogbonna et al. (2013). Moisture

content of tigernut milk is mainly due to the amount of water used in the extraction of the milk.

In this study, the moisture content of the black and yellowish-brown varieties of tigernut oil
were found to be 0.0540 + 0.0008g/100g and 0.542 +0.007g/100g respectively (Table 5 3).
Sarah & Stanley, (2018) reported higher moisture value (0.70% +0.51). The moisture content
of the oils analysed from the tigernut cultivars was higher as compared to other oils such as
palm oil (0.20%), olive oil (0.47 %) and fresh soybean oil (0.31%) as reported by Hansen et
al., (2016). According to the Asian and Pacific Coconut Community (APCC), 0.1-0.5% is the
highest limit of moisture content of most edible oil. The values obtained in this study means
they are bordering on the maximum moisture content an edible can have. High moisture content
in oil reduces its quality (colour, peroxide value, free fatty acids, acid value, iodine and
saponification value etc.) as well as the shelf life of the oil. However, according to Birnin-
Yauri and Garba, (2011), the moisture content makes tigernut oil suitable for baking, frying
and the manufacture of soaps.
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Moisture levels of the two varieties of tigernut tubers from market and streets were compared

and results presented in Table 8-4.

Table 8-4: Moisture content of Tigernuts purchased from markets and streets

Location Variety Moisture (g/1009)
Black 24.26 + 3.222
Markets
Yellowish-Brown 23.69 + 2.262
Black 24.62 +3.812
Streets
Yellowish-Brown 2458 + 4.262

Values are means of triplicates and + standard deviation. For each location, means for both
varieties of tigernut with different superscripts were significantly different at p<0.05

The market and street samples of the black variety had moisture content of 24.26 + 3.229/100g
and 24.62 +3.81¢g/100g respectively (Table 8-4). The market and street samples of the
yellowish-brown variety had moisture content of 23.69 + 2.25¢g/100g and 24.58 + 4.269/100g
respectively. From Table 8-4, it was observed that the moisture content of the tigernut cultivars
sampled from the streets was higher than those sampled from the markets, although not
significantly different. This slight difference could be attributed to the polyethene packaging
of the street-selling units (Figure 8.2), which sweats due to the heat, whereas the market

samples were packed in pans and exposed to the air (Figure 8.3).
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Figure 8.3: Packaging of tigernut in Polyethene bags by street hawkers
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8.7.2.2 Mineral Ash content of Tigernut tubers, milk extract and tigernut oil
According to Ismail (2017), the ash content is referred to the inorganic residue that remains
after the organic matter has been subjected to intense heat for a period. It is an implication of
the mineral content in the tigernuts. Table 8-5 shows the ash content of tiger tuber, tigernut

milk extract and tigernut oil.

The mean ash content obtained for both black and yellowish-brown varieties of tigernut tubers
were (1.58 £ 0.80g/100g) and (1.61 + 0.04g/100g). Pomeranz and Clinton (1981) postulated

that ash content below the ranges of 1.5-2.5 % are usually not considered suitable for animal

feed.
Table 8-5: Mineral Ash composition of tigernut tuber, milk and oil
Product Variety Mineral Ash (g/100g9)
Black 1.58+0.08?
Tigernut Tubers
Yellowish-Brown 1.61+0.432
Black 0.19+0.00?
Tigernut Milk
Yellowish-Brown 0.20+0.00°
Black 0.07+0.0072
Tigernut Oil
Yellowish-Brown 0.13+0.003"

Values are means of triplicates and + standard deviation. For each product type, means for
both varieties of tigernut with different superscripts were significantly different at p<0.05

The ash content for the tigernut of both varieties in this study fell within the range and therefore
can be considered suitable for human and animal food and feed. The ash content reflects the
quantity of minerals found in food commodities. This is very vital because minerals are
essential in assessing the physicochemical properties of food and prevents growth of
microorganism (“Moisture, Ash Testing in Food Processing”, 2010). In their work on

“Quantification of Ash and Moisture in Wheat Flour by Raman Spectroscopy”, Czaja et al.
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(2020) obtained ash content results for different flour samples in the ranges of 0.5-2.5%. The
main mineral components in ash content of flours include zinc, potassium, iron, calcium,
copper and phosphorus. Approximately 45% of ash content in flours is phosphorus, followed
by roughly 38% potassium, 13% magnesium and 3% calcium. Other mineral compounds add

up to 1% (Kulkarni et al., 2007; Piironen & Salmenkallio-Marttila, 2009).

The ash content of the black and yellowish-brown varieties of tigernut milk extract were 0.19
+ 0.00g/100g and 0.20 * 0.00g/1respectively. These values were lower than values obtained
by Adebayo-Oyetoro et al. (2019) (0.28 + 0.02) and by Ogbonna et al. (2013) (1.80 £ 0.02).
This trend may be because the ratio of water to tigernut tuber was less as compared to what
was used in this study. The total ash content of the tigernut milk makes it a beneficial source
of minerals essential for both growth and development (Ogbonna et al., 2013). Many studies
have postulated the ash content of milk to be approximately within a range of as low as 0.1%
and as high as 22% (American Dairy Products Institute Brochure, 2002; Cerbulis and Farrell,
1975). The values obtained in this study, although low, fall within this range and as such,
indicate that tigernut milk provide some form of mineral content when consumed. However,
recipe formulation should be revised by the addition of less water in order to obtain a higher

milk ash content and more minerals when consumed.

The ash content of the black and yellowish-brown varieties of the tigernut oil were 0.07+
0.007g/100g and 0.13 + 0.003g/100g respectively. These values were found to be higher than
that of soybean oil (0.015 %) but lower than that of sunflower oil (0.925%) (Mengistie et al.,
2018). Mengistie et al. (2018) concluded from their study that, the ash content of various edible
oils ranges from 0.012 to 0.925. The results obtained in this study shows that tigernut oil has a

moderately suitable mineral composition. Since the ash content is an indication of the mineral
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content (Ismail, 2017), the moderate ash content of the oils makes them suitable for food

preparation.

8.7.2.3 Protein content of tigernut
Table 8-6 shows the protein content of tigernut tuber, tigernut milk extract and tigernut oil of

both varieties of tigernut.

Table 8-6: Protein composition of tigernut tubers, milk extract and oil

Product Variety Protein (g/100g9)
Black 5.15+ 0.41°
Tigernut Tubers
Yellowish-Brown 6.49+0.27°
Black 0.52+0.012
Tigernut Milk
Yellowish-Brown 0.65+0.012
Black 0.24+0.002
Tigernut Oil
Yellowish-Brown 0.30+0.1%

Values are means of triplicates and + standard deviation. For each product type, means for
both varieties of tigernut with different superscripts were significantly different at p<0.05

The protein content of the tubers of yellowish-brown tigernut variety (6.49 + 0.27g/100g) was
significantly higher than that of the black tigernut variety (5.15 £ 0.41g/100g). The level of
protein in the tigernut tubers is independent of colour or size (Bado et al., 2015). The value of
the yellowish brown variety obtained from this study was lower (7.15g/100g) than those
reported for tigernuts from Nigeria by Oladele and Aina (2007) but higher than those reported
for Burkina Faso (3.479/100g, 4.33g/100g and 3.3g/100g for morphotypes 1,2 and 3

respectively) (Bado et al., 2015).
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The protein content of both tigernut cultivars of the tigernut tubers in this study was found to
be higher than those in other tubers; 1.97% for potatoes (Lombardo et al., 2012), 2.55% for
yam (Abara, 2011) and 1.40% for cassava (Maieves et al., 2012). Due to the high protein
content, tigernut can be used as a natural source of plant protein (Suleiman et al., 2018).
Research has shown that, tigernut can provide more than 17% and more than 26% of daily
protein requirement for adults and children respectively (FAO/WHO/UNU, 2012). In this
regard, tigernut can be used in food formulations or incorporated into our diets. In cases where
the protein contribution is most desired, the yellow-brown variety should be used in the

formulations.

The protein content of the tigernut milk from the black and yellowish-brown varieties were
0.52 £0.019/100g and 0.65+ 0.01g/100g respectively. However, the values obtained from other
researchers such as Adebayo-Oyetoro et al. (2019) (2.11 + 0.01 %) and Ogbonna et al. (2013)
(8.19 + 0.11%) were higher than those obtained in this study due to recipe differences.
According to an article on the Nutritional Components of Milk, milk contains roughly 3.3%
proteins. Even though the proteins in tigernut milk as compared to dairy milk is low, tigernut
milk can be used as beverage for children and adults alike. It can also be used for tigernut
yoghurt production since it contains relatively higher protein content as compared to other
tubers and can give flavour to yoghurt. In their study, WWongnaa et al. (2019) conducted a survey
to determine consumers’ willingness to purchase tigernut yoghurt in Kumasi. Their findings
showed high acceptability and willingness by people to purchase the products at a higher price
(Gh¢ 3.50) as compared to the normal yoghurt sold at (Gh¢ 2.50). They found out that the
willingness was a result of the fact that, people were cognizant with the nutritional health
benefit of tigernut consumption and its aphrodisiac property which was one of the sole

motivation factors for the men. This shows that if people are made aware of the nutritional
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health benefits, tigernut yoghurt can have brighter market prospects in both the rural and urban

setting.

The protein content of the tigernut oil from the black and yellowish-brown varieties were 0.24
+0.00 g/100g and 0.30 + 0.1g/100g respectively. Sarah & Stanley (2018) reported higher

protein values of 0.37 + 0.04 as compared to the results of this study.

8.7.2.4 Fat content of Tigernut

Table 8-7 presents the fat content of tigernut tubers, tigernut milk extract and tigernut oil.

Table 8-7: Fat composition of tigernut tubers, milk extract and oil

Product Variety Fat (g/100g)
Black 22.16 + 0.50?
Tigernut Tubers
Yellowish-Brown 19.82 + 0.48°
Black 1.21 £0.00%
Tigernut Milk
Yellowish-Brown 0.89 £ 0.012
Black 99.64 + 0.008%
Tigernut Oil
Yellowish-Brown 99.03 = 0.022

Values are means of triplicates and + standard deviation. For each product, means for both
varieties of tigernut with different superscripts were significantly different at p<0.05

The crude fat or lipid was the second highest constituent in the tigernut tuber samples. The
values obtained from the analysis were 22.16 + 0.50g/100g and 19.82 + 0.48g/100g
respectively for both the black and yellowish-brown varieties. The values from the analysis
were lower than those reported in literature: Sabah et al. (2019) reported a crude oil value of
30. 01 +0.229¢/100g for tigernut sampled from Egypt; Alegria-Toran and Farré-Rovira, (2003)
reported values of 24.49g/100g for tigernut in Spain; Suleiman et al. (2018) also reported a

value lower than those obtained in the analysis (17.0 %).
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The crude lipid content obtained for tigernut tubers in this study (22.16 g/ 100g and 19.82 g/100
g for the black and yellowish-brown varieties respectively), were found to be lower than for
other commodities such as peanuts (49.20 g/100g), pine nuts (68.40 g/ 100 g) and walnuts
(65.20 g/ 100 g) ( Sanchez-Zapata et al., 2012). The variation in the crude lipid has been
connected to differences in genetic material and geographical location (Bado et al., 2015). The
significantly higher fat content according to FAO/WHO/UNU, (2002) could contribute more

than 73% and 49% of the daily fat requirement for both adults and children respectively.

The fat content of the tigernut milk extract were 1.21 + 0.009/100g and 0.89 + 0.01g/100g for
the black and yellowish-brown varieties respectively. The low-fat content of the tigernut milk

extract makes it an ideal replacement for skimmed milk.

The fat content of the tigernut oil was 99.64 + 0.008g/100gand 99.03+ 0.02g/100g for the black
and yellowish-brown varieties respectively. These values were lower than those reported by
Sarah & Stanley (2018) (92.78 £ 0.01%). In their study to assess the use of tigernut oil emulsion
as replacement for animal fat in Beef Burgers, Carvalho et al. (2020) reported a decrease in fat
and protein contents in the samples with tigernut oil emulsion. They concluded that, the 100%
substitute of animal fat with tigernut oil resulted in a healthier meat product with a significant
reduction in saturated fat content and increase in unsaturated fatty acids. Due to the high oil
content, studies have shown that, tigernut oils can be used as an alternative source of fuel,
which is far cheaper and environmentally safe relative to other burning fuels (Wongnaa et al.,
2019). It has also been recommended as a potential crop for biodiesel production (Zhang,
1996). Another study found that tigernut produced 1.5 metric tonnes of oil per hectare
contingent on a tuber yield of 5.67t/ha and a 26.4% oil content (Makareviciene et al., 2013).
This benefit of tigernut oil, if properly exploited by the government, can generate revenue for

the country, which will help boost the economy. This, however, can be materialized through
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the establishment of tigernut cultivation factories in districts where tigernuts are produced and

harvested.

8.7.2.5 Carbohydrate content of tigernut tuber and tigernut milk
Carbohydrate constitutes the major components of tigernut tubers (Sanchez-Zapata et al.,
2012). Table 8-8 presents the carbohydrate content in tigernut tubers and tigernut milk of the

black and yellowish-brown varieties.

Table 8-8: Carbohydrate composition of tigernut tubers and tigernut milk

Product Variety Carbohydrates (g/100g)
Black 60.57+0.85%
Tigernut Tubers
Yellowish-Brown 62.17+0.62"
Black 1.04+0.03?
Tigernut Milk
Yellowish-Brown 1.69+0.03?

Values are means of triplicates and + standard deviation. For each product, means for both
varieties of tigernut with different superscripts were significantly different at p<0.05

The carbohydrate content in the yellowish-brown variety of the tigernut tuber (62.17 +
0.6¢/100g) was higher than that of the black variety of the tigernut tuber (60.57 £0.85g/100g).
The values obtained for tubers of both varieties in this study were higher than those reported
by Bado et al. (2015) for tigernut tubers grown in Burkina Faso (68.24+1.28 g/100g and 69.21

+1.309/100g respectively for black and yellowish-brown morphotypes).

Also, the reported values by Oladele and Aina (2007) for the carbohydrate content of tigernut
tubers sampled from a local market in Nigeria were lower than those obtained from this study
(46.99% and 41.22% respectively for the yellowish-brown and black variety respectively. This

same trend was observed when compared to the carbohydrate content (45.73 + 0.035g/100g)
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of tigernut tubers from Egypt (Sabah et al., 2019). The values were however higher than those
from Spain with a reported value of 43.30% (Alegria-Toran & Farré-Rovira, 2003). Generally,
tigernut tubers are rich in carbohydrates. However, the disparities in profile and content has
been reported to be as a result of difference in varieties and ripening stage (Sanchez-Zapata et
al., 2012). The main composition of carbohydrates of tigernut tubers are starch and dietary fibre
(Sanchez-Zapata et al., 2012). Tigernuts have been found to contain higher amounts of
carbohydrates than other nuts. Freitas and Naves (2010) reported a value of 7.48g/100g for the
carbohydrate content for peanuts. A value of 3.90g/100g by Venkatachalam and Sathe (2006)
for walnuts and 6.10g/100g carbohydrate value for almonds was reported by Ros (2010). Also,
the carbohydrate contents for tigernuts have been reported to be higher than those of root
tubers:18.17g/100g for potato (Lombardo et al., 2012), 34.609/100g for yam (Abara, 2011),
13.809/100g for sweet potato (Scher et al., 2009) and 38g/100g for cassava (Maieves et al.,
2012). Consumption of food with high carbohydrate content can be a very good source of
energy for our daily activities. Due to its high carbohydrate content, the tigernut, if consumed,
can contribute significantly more than 40% of the daily carbohydrate needs of a child (4-9 yrs.)
and higher than 32% of that of an adult (FAO/WHO/UNU, 2002). Research has shown that
tigernut flours contribute to the lowering of glucose levels when used in combination with other
meals and as such, can be used in diets suitable for diabetic patients (Oluwajuyitan et al., 2019).
The carbohydrate content of the black and yellowish-brown tigernut milk extract were 1.04 +
0.03g/100g and 1.69+ 0.03g/100g respectively. Oyetoro et al. (2019) reported higher values of
carbohydrates (2.07 + 0.01%) in tigernut milk extracts. Ogbonna et al. (2013) also reported
higher values (58.01 + 1.24%) in tigernut milk. Furthermore, since it is plant milk, tigernut

milk is ideal for lactose intolerant milk consumers.

Tigernut oil in this study did not contain carbohydrates, which is consistent with results from

researchers such as Sarah & Stanley, (2018).
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8.7.2.6 Dietary fibre content of tigernut tuber and tigernut milk

Table 8-9 shows the results of the fibre content of tigernut tubers and tigernut milk.

Table 8-9: Dietary fibre composition of tigernut tubers and milk

Product Variety Dietary Fibre (g/1009)
) Black 10.54+0.22°
Tigernut Tubers )
Yellowish-Brown 9.90+0.24°
] _ Black 7.00 +0.01°
Tigernut Milk ]
Yellowish-Brown 7.13+0.00?

Values are means of triplicates and + standard deviation for n= 3. For each product, means
for both varieties of tigernut with different superscripts were significantly different at p<0.05

The fibre content obtained for both varieties of the tigernut tubers was 10.54 + 0.22g/100g and
9.90 + 0.249/100g for the black and yellowish-brown respectively The fibre content obtained
from the analysis were found to be higher than those of potatoes (0.68) (Lombardo et al., 2012),
yam (1.68) (Abara, 2011) and cassava (1.18) (Maieves et al., 2012). This makes tigernut ideal
for weight loss. Due to the high fibre content, tigernut can be used to formulate diets for the
treatment of colon cancer, heart disease, constipation and obesity (Bender, 1973; Ball, 1994).
Generally, tigernuts have been reported to be high in fibre content. Tigernut as a bakery
product ingredient will also present the added advantage of enriching the baked product with
dietary fibre. Also, the high dietary fibre makes tigernut a good meal for diabetics, as dietary

fibre is known to lower the absorption of sugars through the gut.

Milk extracts from black and yellowish-brown tigernut varieties contained 7.00 + 0.01g/100g
and 7.13 = 0.00 g/100g respectively. The high fibre content of the tigernut milk helps in the
prevention and curing of obesity, diabetes and colon cancer (Anderson et al., 1994). In

comparison to other milk extracts, the tigernut milk extracts was found to have higher crude
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fibre than that of recombined milk (0.50 £ 0.19%) (Ogbonna et al., 2013). Also, the crude fibre
content for the tigernut milk extracts analysed in this study was found to be higher than those
reported for soymilk (0.70 + 0.04%) and almond milk (1.70 £ 0.20%) (Alozie-Yetunde &

Udofia, 2015).

Tigernut oil from both varieties in this study did not contain any fibre, which is consistent to

works of Sarah & Stanley, (2018).

8.8 Conclusion
The bulk density (weight) of the yellowish-brown tigernut variety was significantly lower than
that of the black variety. Physically however, the black variety looks smaller in size compared
to the yellowish-brown variety, showing that physical properties are dependent on external and

innate conditions which may not result in a significant difference in dietary benefits.

The average moisture content of the fresh tubers of both varieties was approximately 24%.
Among all analysed food derivatives of tigernut, moisture content was highest in milk extracts.
Moisture of the oil was the lowest among all the food products obtained from the tubers with
a moisture content of roughly 0.05%. This establishes the fact that tigernut oil is ideal for food
applications such as frying, baking and soap manufacturing. The mineral content, as quantified
by ash content, was approximately 1.6% for both tigernut tubers which is fitting for both human
and animal consumption as minerals play crucial functions in the body. The ash content of the
milk extract was low. The ash content of the oil was however relatively high, irrespective of
this observation, oils do not require high ash contents to make them suitable for food
application but usually, just a reasonable quantity is suitable. The protein content reported for
the tigernuts was higher as against other tubers and as such can serve as a natural protein source
in diet. The yellowish-brown tigernut tuber had a significantly higher protein content as

compared to the black variety and can therefore be applied in the production of weaning mixes
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for growing children. The average protein content of tigernut milk extract was however high
and can be used in food applications such as beverage and yoghurt production. This is a viable
product that will survive on the market due to the health benefits and especially aphrodisiac

property of the tubers.

Crude fat was the second most abundant macronutrient in the tigernut tubers. The milk extract
had a low-fat content, and this is a suitable alternative for lactose intolerant persons. The oil
constituted the highest percentage of the total fat content of tigernut tuber with about 99% fat.
Aside food applications, these can also be used as cheaper and environmentally friendly fuel
sources. The carbohydrate component of tigernuts is mainly starch and dietary fibre. The
carbohydrate component of tigernut was quite high for a tuber. The high carbohydrate content
is an indication of high energy content when tigernut tubers are consumed. Due to the high
dietary fibre content also, tigernut tuber is suitable for diabetics as they reduce glucose levels
when incorporated with other foods. The milk extract had an adequate carbohydrate content,
while no carbohydrate was found in tigernut oil. The tigernut tubers had high fibre content and
as such can be used in recipe formulation for people with health conditions such as obesity,

colon cancer, heart disease and constipation.
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CHAPTER NINE

9. Summary and Conclusion

Tigernut is grown on a very low scale in Ghana although the soil profile and climatic condition
of the country are ideal for its cultivation. While there are occasional media awareness created
on some of the nutritional and health benefits of the tuber, tigernut still remains one of the most
underutilized crops in Ghana due to its limited use in food applications. Increase in the
consumption would require knowledge in the safety (mycotoxin levels) of the tuber as well as
the influence of stakeholders of the value chain on the mycotoxin levels. Additionally,
inclusion of the tubers in the Ghanaian diet would require knowledge on the functional
properties of the tuber and its products. The study aimed to characterise Ghanaian tigernut as

an ingredient for possible food application.

Majority of the farmers and consumers, unlike traders (wholesalers and retailers) who
participated in this study, had appreciable knowledge on mycotoxins and displayed notable
attitude towards its prevention. Even though majority of the traders knew exactly how to
identify and segregate bad tubers, some looked at superficial parameters such as colour, texture,
general appearance etc. Some of the stakeholders confirmed that they feed their farm animals

with mycotoxin contaminated tigernut tubers.

The results of this work showed that mycotoxins (Aflatoxins and ochratoxin A) progressed as
tigernut tubers travelled further along the value chain. Irrespective of precautionary measures
(sorting, washing with lime/water/salt) applied in the value chain, these mycotoxins still
survived throughout all stages and were found in higher concentrations at the ready-to-eat stage
(trade) due to the poor handling practices and packaging techniques. This postulates that once
contamination occurs at the initial planting stages, progression continues throughout the

lifecycle of the tuber.
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The physicochemical properties of the tigernut flour such as its high amylose content contribute
to the flour’s resistance to swelling and may indicate that the starches within the tuber have the
capacity to resist decomposition during heating and contribute to retrogradation. The high
dietary fibre and resistant starch content of the flour may present an option for inclusion into
diets of diabetics and weightwatchers. The tigernut flour was characterised by pasting
properties that may promote its application in the baking industry. Titratable acidity was
identified as the shelf-life indicator of tigernut flour and using the Arrhenius equation, it was

predicted that storage at lower temperatures increase the shelf stability of the flour.

The physicochemical and functional properties of milk extracted from tigernut tubers are
influenced by heat (roasting) and alpha amylase thereby, offering various food applications in
the beverage industry. Percentage brix, total solids, emulsion stability and foaming stability
increased whereas the pH and colour (lightness) decreased with increasing addition of alpha
amylase and application of heat. Tigernut milk was observed to exhibit pseudoplastic fluid

characteristics.

In this study, the tigernut tuber contained notable amounts of oil with a yield of 15% to 17%.
The findings of this study confirmed that the tigernut oil could be a good substitute for olive
oil. Application of heat appeared to have influenced the levels of phenolic compounds and the
quality of the tigernut, as indicated by the flash and smoke points, acid value, free fatty acids,

peroxide value, saponification value, ester value and iodine value.

The nutritional composition of tigernut tuber differs from its flour, milk and oil. Tigernut tubers
had high fibre content whilst the tigernut flour was characterised by high starch content. The
fat content of tigernut milk is comparable to that of skim milk whilst the tigernut oil had high

phenolic composition (Quercetin and gallic acid).
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9.1. Recommendations

This study established the presence of aflatoxins and ochratoxin A in some tigernut
tubers grown and sold in Ghana. However, countries such as Spain have identified
fusarium in tigernut tubers (Sebastia et al., 2012) and other mycotoxins (aflatoxins and
Ochratoxin A) in tigernut beverages (Sebastia et al., 2010). In order to understand the
scale of mycotoxin occurrence and concentration in Ghanaian tigernut value chain, a
full-scale mycotoxin analysis is recommended on tigernut tubers and its products.

The results of the surveys from this work have provided baseline information on the
knowledge of mycotoxin amongst stakeholders of the tigernut value chain (Aduamoah
and Adwoa (farmers) and Greater Accra Region (traders and consumers)) and determine
if measures were in place to mitigate the risk of fungal colonisation of tigernut along
the supply chain However, tigernut is grown on a small scale in many other areas in
Ghana and is sold and consumed throughout the country (Asare, et al., 2020). Surveys
involving more farmers, traders and consumers from other parts of Ghana is
recommended in order to give a complete and general outlook of mycotoxin knowledge
and practices of stakeholders of the tigernut value chain in the country.

Results from this study provided initial information on the shelf life and optimal storage
temperatures for Ghanaian tigernut flour using the Arrhenius equation. It is
recommended that further real time studies are conducted to confirm these storage
conditions as well as determine the influence of packaging material on the shelf stability
of tigernut flour. Furthermore, tigernut flour is proposed as a substitute for flour in the
baking industry based on the properties of the flour assessed in this work. It is
recommended that studies on the right recipe for composite flour for various food
options are conducted in order to give ready information to consumers and the food

industry.
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Results from this study provided information on the possibility of using heat (roasting)
and alpha amylase to improve the fluidity of tigernut milk. However, it is recommended
that further study is done to establish the ideal hydrocolloid which would guarantee the
homogeneity of the milk. This is because the integrity of the interface created by the
appreciable amount of oil in tigernut and the water added to make the milk (oil in water
emulsion) may weaken overtime and lead to separation.

This study used the solvent extraction method (Soxhlet method) to extract Ghanaian
tigernut oil and provided baseline information on the effect of heat on the functional
properties and phenolic composition of the oil. It is recommended that other edible oil
extraction methods such as cold pressing are used and compared to establish the method

that produces the most yield and best quality oil.
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APPENDICES

APPENDIX 1

QUESTIONNAIRE TO DOCUMENT TIGERNUT KNOWLEDGE, ATTITUDE AND

PRACTICES AMONG FARMERS

ID OF RESPONDENT....ccciitiiiiiiinecnennne. TOWN..coviiiieinnnnnn.
DISTRICT OF INTERVIEW........cccccceueeeee

DEPARTMENT OF NUTRITION AND FOOD SCIENCE

P.O. BOX LG 134, LEGON, GHANA

Hello! I am a PhD student pursuing Food Science at University of Ghana. | am currently
working on a project aimed at establishing knowledge of the existence and effects of
mycotoxin contamination on tigernut and safety measures taken to™ minimize occurrence
of mycotoxin contamination among traders in Ghana. | would be grateful if you could
spare 10 minutes of your precious time to complete this questionnaire.

Please be assured that any information provided will not be linked to personal information

and data that will be published will not reveal the identity of participants.

SECTION I: DEMOGRAPHIC INFORMATION AND GENERAL INFORMATION

Please indicate your responses by ticking against your preferred choice(s) and provide
answers where applicable.
1. What is your age?

21-40 years[ ] 41-60yrs[ ] More than 60years| ]

2. What is your sex?
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9.

Male[ ] Female[ ]
What is your marital status?
Single[ ] Married[ ] Divorced [ ] Widowed [ ] Other please specify
What is your level of education?
Elementary / Primary School [ ] Junior High School [ ]
Secondary / Technical School [ ] Vocational School [ ] None[ ]
What is your family size?
Lessthan3[ ] 4-6[] Greaterthan6[ ]
How many dependents do you have?
Lessthan3[ ] 4-6[ ] Greaterthan6][ ]
What is your major occupation?
Farming [ | Other please specify..........cccooeeiiiiiiiiiiiiinn.n [ ]
What other occupations do you engage in?

What is your monthly income?

Less than 500 Ghana Cedis [ ] 600 — 1000 Ghana Cedis [ ] More than 1000 Ghana Cedis [ ]

SECTION II: TIGERNUT HANDLING AND SUPPLY

10.

11.

13.
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Which variety of tigernut do you cultivate?
Black[ ] Yellow[ ] Both[ ]

What is the approximate amount of tigernut harvested at each season?

Is this period considered early harvest/ late harvest?

Early harvest [ ] Late harvest|[ ]



14. Why is this harvest time chosen to harvest tigernuts?
15. Is there any form of sorting/grading done after harvesting?
Yes[] No[ ]
16. What criteria is used for sorting/grading (what do you look out for to certify good/bad
tigernuts)?
Presence of moulds [ ] Presence of insect infestation [ ] Other please specify [ ]

17. What drying method do you use?

19. How long does this drying method take?
Lessthan 1 week [ ] 2—3 weeks[ ] Lessthan1month|[ ] Morethan 1 month[ ]

20. Do you have knowledge of any other drying method?
Yes[ ] No[ ]

21. If yes, please specify.

22. How do you identify the end of the drying process?

Hard Texture [ | Shriveled tubers [ | Sweet Taste [ | Other please specify........ [ ]

23. How do you store harvested tigernuts? (Indicate storage conditions and pre-storage

treatments if any)

24. Is there any form of cleaning of storerooms/houses before tigernuts are stored in them?

Yes[] No[ ]
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25. In what form do you prefer to store tigernuts?
Fresh[ ] Semi-Dried[ ] Dried[ ]
26. How long do you store them after drying?
Lessthan 1week [ ] 2—-3weeks[ ] Morethanamonth|[ ]

27. In what way do you prefer to store tigernuts?

On bare floor [ ] Injutesacks[ ] Intray/Basins[ | Other please specify...... [ ]

28. What method of preservation do you employ during storage?

Use of chemicals[ ] No preservations [ ] Other please specify................c.e... [

29. Do you encounter any losses during storage?

Yes[] No[ ]
30. If yes, what are the causes of the losses?

Moulds / Fungi [ ] Insects infestation [ ] Rodents[ ] Other please specify
31. What is the peak period of insect infestation?

Lessthan 1 week [ ] 2-3weeks 1-—3months[ ] Morethan 4 months|[ ]

32. What method is used to protect the tigernuts?

Use of fertilizers [ | Combination of chemicals [ ] Other please specify............ [ ]

33. Do you observe the presence of mouldy tigernut in your crops?

Yes[ ] No[ ]
34. How are mouldy tigernuts handled?

Animal feed [ ] Sold at low prices [ | Discarded [ ] Other please specify...... []
35. Who do you sell tigernuts to?

Traders[ ] Manufacturers[ ] Consumers [ ] Other please specify [ ]

36. How do you sell your produce?
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SECTION I11: MYCOTOXIN AWARENESS

37. Do you have any idea of the word mycotoxin/aflatoxins?
Yes[ ] No[ ]
38. Do you have any idea on effect of mouldy tigernut on human/animal health?
Yes[ ] No[ ]
39. If Yes, list some of them.
Headache [ ] Stomach upset[ ] Nausea[ ] Other please specify...............
40. What is your opinion on what causes spoilage/moulds?
Heaping of tigernut during drying [ ]
Inadequate drying between sales and retail stage [ ]
Insect infestation [ ] Use of chemicals on crops [ ]
Other please specify................ [ ]
41. Do you have any idea on measures to take to control moulds and fungi in storage?
Yes[] No[]
42. If Yes, state them
Periodic drying [ ] Proper washing with lime and dry [ ]
Proper washing with salty water [ ] Other please specify......................... [ ]

43. Why do you think sorting/removal of mouldy nuts are important?

THANK YOU
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APPENDIX 2

QUESTIONNAIRE TO DOCUMENT TIGERNUT KNOWLEDGE, ATTITUDE AND

PRACTICES AMONG TRADERS

ID OF RESPONDENT.....cccceiiiiiininniinennen. LOCATION....ccccvvuvinnrnnnnnne

DISTRICT OF INTERVIEW.........ccccuueeee LOCATION TYPE.............

DEPARTMENT OF NUTRITION AND FOOD SCIENCE

P.O. BOX LG 134, LEGON, GHANA

Hello! I am a PhD student pursuing Food Science at University of Ghana. | am currently
working on a project aimed at establishing knowledge of the existence and effects of
mycotoxin contamination on tigernut and safety measures taken to- minimize occurrence
of mycotoxin contamination among traders in Ghana. | would be grateful if you could
spare 10 minutes of your precious time to complete this questionnaire.

Please be assured that any information provided will not be linked to personal information

and data that will be published will not reveal the identity of participants.

SECTION I: DEMOGRAPHIC INFORMATION AND GENERAL INFORMATION

Please indicate your responses by ticking against your preferred choice(s).
1. What is your age?

21-40years|[ ] 41-60yrs|[ ] More than 60years| |
2. What is your sex?

Male[ ] Female[ ]
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3. What is your marital status?
Single[ ] Married[ ] Divorced [ ] Widowed [ ] Other please specify................. []
4. What religion do you belong to?
Christian[ ] Islam[ ] African tradition [ ] Other Specify........................... [ ]
5. What region do you come from?
Ashanti[ ] Brong Ahafo[ ] Central [ ] Eastern[ ] Greater Accra| ]
Northern[ ] Oti[ ] Savannah[ ] UpperEast[ ] Upper West[ ] Volta[ ]
Western [ ]
6. What is your level of education?
Elementary / Primary School [ ] Junior High School [ ]
Secondary / Technical School [ ] Vocational School [ ] None[ ]
7. How long have you been selling tigernuts?
<lyr[ ] 1-5yrs[ ] 6-10yrs[ ] other please specify .................ccveven.n. []
8. Do you belong to any traders association or group?
[ 1Yes [ ]No

9. If yes, which association or group do you belong to?

10. Is the retailing of tigernuts your only business?

Yes[ ] No[ ]

11. Who are your major customers?

Caterers[ ] Individual Home Users [ ] Other retailers[ | Other please specify....[ ]
SECTION II: TIGERNUT SUPPLY

12. Where do you source your tigernuts from?

Another retailer [ ] Directly from Farmer[ ] Wholesaler [ ]  Other please specify...[ ]
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13. Which city/ town or village does your tigernuts come from?

Kumasi [ ] Dormaa[ ] Accra[ ] Otherplease specify .........cccoevvvnvnnnnne []
14. How often do you purchase tigernuts?

Weekly [ ] Monthly[ ] Quarterly[ ] Other please specify ................ [ ]

15. How do you assess raw material quality?
Colour [ ] Buying from same Supplier [ ] Absence of insects activity [ ]
Texture [ | Other please specify.................... [ ]
16. Have you ever rejected supplied tigernuts?
Yes[ ] No[ ]
17. If yes, how often in the past two months?
Once[ ] Twice[ ] Threetimes[ | Fourtimes|[ | Others please specify....... [ ]
18. If yes, what is the main issue?
Colour change [ ] Insectactivity [ | Other please specify [ |
19. What is the approximate quantity you buy per batch?
1-5kg[ ] 6-10kg[ ] 11-15kg[ ] 16-20kg[ ] >20kg[ ]
20. In which form do you buy your tigernuts?

Fresh (undried) [ ] Semi-dried[ ] Dried [ ] Other please specify................ [ ]

SECTION IlI: TIGERNUT SAFETY PRACTICES

21. How do you display your tigernut?
In an open basket [ ] Intied polythene [ ] In a big open polythene [ ]
Other please specify..................... [ ]

22. Do you do anything to the tigernuts before and in between sales?

Yes[ ] No[ ]
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23. If yes, which of the following do you do?
Soak in water overnight [ ] Wash with water [ ] Sun drying on bare floor [ ]
Other please specify.......... [ ]
24. If you dry your tigernuts, how do you determine the end of drying?
Hard texture [ ] Shriveled tubers [ ] Sweet taste [ ]
25. How long does it take to completely sell out a batch?
<2weeks[ ] 2-3weeks[ ] <lmonth[ ] >1month

26. Where do you store tigernuts during this period?

Athome [ ] Container in the market [ | Market Store [ ] Other please specify... [ ]

27. In what form do you prefer to store tigernuts?
Basket[ ] Jute Sack [ ] Poly Sacks|[ ] Tray/Basin|[ ]

28. Is there any form of cleaning of storage rooms/houses before tigernuts are stored in them?
Yes[ ] No[ ]

29. What method preservation do you employ during storage?

Use of chemicals [ ] No preservations [ | Other please specify......................... [ ]

30. Do you grade your tigernuts?
Yes[] No[ ]
31. If yes, which parameters do you use in grading tigernuts?
Presence of moulds [ ] Presence of insect infestation [ ] Other please specify [ ]
32. What packaging material do you use in packaging tigernuts for sale?
Polythene bag [ ] Paperbag[ ] Jutesack[ ] Other please specify[ ]
33. In what units do you sell tigernuts.
Per 100g (1/2 margarine tin) [ ] Per 200 (margarine tin) [ ] Per kg (Olonka) [ ]

Other please specify................ [ ]
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34. Do you frequently experience deterioration including breakages, foul smell, insect
infestation, fungal growth?
Yes[ ] No[ ]
35. If yes which deterioration observation do you encounter most?
Breakages [ ] Fungal growth [ ] Rodent/ Insect infestation [ ]
Other please specify.................. [ ]

36. How many of your tigernuts get deteriorated per each batch of tigernut supply?

Lessthan1/4[ ] 1/4-1/2 [ ] Morethan 1/2[ ] Other please specify............. [ ]

37. What is the peak period of deterioration after purchase?

Within2weeks[ ] 2—4weeks[ ] >1 month[ ] Other please specify............. []

SECTION IV: MYCOTOXIN AWARENESS

38. Do you observe the presence of mouldy tigernut in your crops?

Yes[ ] No[ ]
39. How are mouldy tiger nuts handled?

Animal feed [ ] Sold at low prices [ | Discarded [ | Other please specify...... []
40. Do you have any idea on effect of mouldy tigernut on human/animal health?

Yes[ ] No[ ]
41. If Yes, list some of them.

Headache [ ] Stomach upset[ | Nausea[ ] Other please specify............... [ ]
42. What is your opinion on what causes spoilage/moulds?

Heaping of tigernut during drying [ ]

Inadequate drying between sales and retail stage [ ]

Insect infestation [ ] Use of chemicals on crops [ ]

Other please specify................ [ ]
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43. Toxins in tigernuts due to moulds growth can be completely destroyed through cooking.
Agree [ ] Disagree[ ]
44. Toxins in tigernuts due to moulds growth can be completely destroyed through washing.
Agree [ ] Disagree[ ]
45. Do you have any idea on measures to take to control moulds and fungi in storage?
Yes[] No[ ]
46. If Yes, state them
Periodic drying [ ] Proper washing with limeand dry [ ]
Proper washing with salty water [ | Other please specify......................... []
47. Do you receive advice on how to prevent moulds from growing on tigernuts?
Yes[] No[ ]
48. Who has the primary responsibility to ensure that tigernuts are free from toxins/fungal
growth?
Farmer[ ] Trader[ ] Both[ ]
49. Why do you think sorting/removal of mouldy nuts are important?
To prevent rejection by consumers [ ] To retain consumers [ ]

Others please specify................... frs]

SECTION V: ATTITUDE

50. I have a responsibility to ensure that tigernuts sold are safe and of good quality.
Agree [ ] Disagree[ ] Not Sure[ ]

51. Tigernuts exposed to insects and rodents are prone to contamination by fungal.
Agree [ ] Disagree[ ] NotSure[ ]

52. Tigernuts kept in cool, dry storage facilities keeps longer than hot humid areas.

Agree [ ] Disagree[ ] NotSure[ ]
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53. Infected tigernuts must be sorted from wholesome ones frequently.
Agree [ ] Disagree[ ] NotSure[ ]
54. Tigernuts stored in polythene bags deteriorates faster.
Agree[ ] Disagree[ ] NotSure[ ]
55. Basins/baskets used to display tigernuts should be washed and dried to avoid
contamination.

Agree [ ] Disagree[ ] NotSure[ ]

THANK YOU
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APPENDIX 3

QUESTIONNAIRE TO DOCUMENT TIGERNUT KNOWLEDGE, ATTITUDE AND

PRACTICES AMONG CONSUMERS

ID OF RESPONDENT.........ccccccuueeeen. DISTRICT OF INTERVIEW.......cccccveenennne

LOCATION TYPE.......ccccenennnenns PLACE OF INTERVIEW.......cccoceviiuieennnnne

DEPARTMENT OF NUTRITION AND FOOD SCIENCE

P.O. BOX LG 134, LEGON, GHANA

Hello! I am a PhD student pursuing Food Science at University of Ghana. | am currently
working on a project aimed at establishing knowledge of the existence and effects of
mycotoxin contamination on tigernut and safety measures taken to™ minimize occurrence
of mycotoxin contamination among traders in Ghana. | would be grateful if you could
spare 10 minutes of your precious time to complete this questionnaire.

Please be assured that any information provided will not be linked to personal information

and data that will be published will not reveal the identity of participants.

SECTION I: DEMOGRAPHIC INFORMATION AND GENERAL INFORMATION

Please indicate your responses by ticking against your preferred choice(s).
1. What is your age?

21-40 years[ ] 41-60yrs[ ] More than 60years| ]
2. What is your sex?

Male[ ] Female[ ]
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3. What is your marital status?
Single[ ] Married[ ] Divorced [ ] Widowed [ ] Other please specify................. []
4. What religion do you belong to?
Christian[ ] Islam[ ] African tradition [ ] Other Specify........................... [ ]
5. What region do you come from?
Ashanti[ ] Brong Ahafo[ ] Central [ ] Eastern[ ] Greater Accra| ]
Northern[ ] Oti[ ] Savannah[ ] UpperEast[ ] Upper West[ ] Volta[ ]
Western [ ]
6. What is your level of education?
Elementary / Primary School [ ] Junior High School [ ]
Secondary / Technical School [ ] Vocational School [ ] Tertiary [ ] None[ ]
7. What is your employment status?
Student[ ] Employed [ 1 Self-Employed [ ] Unemployed [ ]
8. Do you eat tigernuts?
Yes[] No[ ]
9. How long have you been consuming tigernuts?

<lyr[ ] 1-5yrs[ ] 6-10yrs[ ] otherplease specify ............................ []

SECTION II: TIGERNUT SUPPLY

10. Where do you purchase your tigernuts from?
Open market [ ] = Street hawkers [ ] Other please specify...[ ]

11. How often do you eat tigernut or tigernut products?

Onceaweek [ ] More than once aweek [ ] Occasionally [ ]

12. How many varieties do you know?

298



299

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

111 2[] 3[] Otherplease specify ................ []

Which variety do your prefer?

Black[ ] Brown[ ] Both[ ]

Why do you prefer this variety?

Sweeter [ ] Appealing appearance [ ] More juicy [ ] Other please specify [ ]
What is the approximate quantity you buy per batch?

<200g[ ] 200g-500g[ ] 500¢g-1000g[ ] =>1000g] ]

In which form do you purchase your tigernuts?

Dried[ ] Overly Dried[ ] Other please specify [ ]

Check from the list below all the tigernut products you know.

Raw Tigernut Tuber [ ] Tigernut Porridge [ ] Tigernut Oil [ ] Tigernut flour [ ]
Tigernut Alcoholic drink [ ]

Are tigernut products easily accessible?

Yes[] No[]

Which product would you want to see more on the market?

Raw Tigernut Tuber [ ] Tigernut Porridge [ ] Tigernut Oil [ ] Tigernut flour [ ]
Tigernut Alcoholic drink [ 1 Other please specify............cc........o... [ ]

Which is your favourite tigernut product?

Raw Tigernut Tuber [ ] Tigernut Porridge [ 1 Tigernut Oil [ ] Tigernut flour [ ]
Tigernut Alcoholic drink [ ] Other please specify............................ [ ]

Why do you eat tigernut?

AsaSnack [ ] For Nutritional benefits [ ] For Health benefits

Other please specify..........cccoevvvninnn.. []

If you chose medical reasons in the previous question, which of the following is the

medical reason?



Antioxidants [ ] Control Diabetes [ ] Eyedisorder [ ] Fertility [ ]
Good Digestion[ ] Improve IQ [ ] Sexual Enhancement [ ]
Other please specify.........coevvviiiiiiiininnnn.n [ ]
23. Are you willing to try new tigernut products?
Yes[] No[ ]

24. What major quality criteria/parameter do you consider when buying tigernuts?
Colour[ ] Size[ ] Buying from same supplier [ ] Absence of Insect activity [ ]
Texture [ ] Absence of moulds

25. Have you refused to eat or use purchased tigernut?

Yes[ ] No[ ]

26. If yes how often in the past 12 months?

Half the time [ ] More than half the time [ ] Once inawhile [ ]

27. If yes, what is the main issue?

Presence of moulds [ ] Presence of insect activities [ | Other please specify.......... [ ]

SECTION I11: TIGERNUT SAFETY PRACTICES
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28. Do you do anything to the tigernuts before and in between consumption?
Yes[] No[ ]
29. If yes, which of the following do you do?
Wash with water [ ] Wash with salty water [ ] Other please specify [ ]
30. Where do you store tigernuts before use?
Kitchen[ ] Fridge[ ] Yard[ ] Other please specify [ ]
31. In what form do you prefer to store tigernuts?

Aluminium basins [ ] Basket[ ] Polythenebag| ]



32. Do you grade your tigernuts?
Yes[] No[ ]

33. If yes, which Parameter(s) is/are used in grading tigernuts?

Presence of moulds [ ] Presence of insect infestation [ ] Other please specify......... [ ]

34. Do you frequently experience deterioration including breakages, foul smell, insect
infestation, fungal growth?
Yes[] No[ ]

35. If yes which deterioration observation do you encounter most?

Fungal growth [ | Presence of insect infestation [ | Other please specify............. [ ]

36. How many of your tigernuts get deteriorated per each batch of tigernut supply?

Lessthan 1/4 [ ] About1/2 [ ] Morethan1/2 [ ] Other please specify........... [ ]

37. What is the peak period of deterioration after purchase?

Less than 1 week [ ] Within 2 weeks [ ] After 2 weeks [ ]

SECTION IV: MYCOTOXIN AWARENESS

38. Would you buy mouldy tigernut at a reduced price?
Yes[] No[ ]
39. Do you observe the presence of mouldy tigernuts?
Yes[ ] No[]
40. What do you do with mouldy tigernuts?
Bite mouldy part off [ ] Consume them anyway [ ] Discard them [ ]
Process into other product [ ] Use as animal feed [ ] Wash with salty water [ ]

Other please specify [ ]
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41. Do you have any idea of the word Mycotoxin/Aflatoxins?
Yes[] No[ ]

42. Do you have any idea on the effect of mouldy tigernut on human/animal health?
Yes[] No[ ]

43. If Yes, please list some of them

44. Toxins in tigernuts due to molds can be completely destroyed through cooking.
Agree [ ] Notsure[ ] Disagree]| ]

45. Toxins in tigernuts due to molds growth can be completely destroyed through
washing.
Agree[ ] Notsure[ ] Disagree][ ]

46. What is your opinion on what causes spoilage/moulds in tigernuts?
Poordrying[ ] Hottemperatures [ ] Use of chemicals on tigernuts[ ]

47. Do you have any idea on measures to take to control moulds and fungi in storage?
Yes[] No[ ]

48. If yes, please state some of them.

SECTION V: ATTITUDE

49. Who has the primary responsibility to ensure that tigernuts are free from toxins/fungal
growth?
Farmersonly [ ] Tradersonly [ ] Both Farmerand Traders[ | Consumers [ ]

50. Why do you think sorting/removal of mouldy nuts are important?

302



51. I have a responsibility to ensure that tigernuts consumed or processed are safe and of
good quality.
Agree [ ] Disagree[ ]

52. Tigernuts exposed to insects and rodents are prone to contamination by fungal.
Agree [ ] Disagree[ ]

53. Tigernuts kept in cool, dry storage facilities keeps longer than hot humid areas.
Agree [ ] Disagree| ]

54. Infected tigernuts must be sorted from wholesome ones frequently.
Agree [ ] Disagree| ]

55. Tigernuts stored in polythene bags deteriorates faster.
Agree [ ] Disagree [ ]

56. Basins/baskets used to display tigernuts should be washed and dried to avoid
contamination.

Agree [ ] Disagree [ ]

THANK YOU
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APPENDIX 4

LSD POST-HOC ANALYSIS OF TIGERNUT MILK

Table 10-1: Significance of the changes in Total Solids and % Brix with the addition

of alpha amylase and roasting to Fresh tigernut milk

Fresh+  Fresh + EOS szt:/sl R;og ;tf/:)j
Property Variety 02% a- 0.5% a- Roasted ' )
amylase amylase o “
amylase amylase
Black 0.149 0.175 0.154 0.488 0.593
Total Solids i
Yellowish- 576 0.036 0.005 0014  0.046
Brown
Black 0.492 0.012 0.910 0.063 0.038
Yellowish-
% Brix Brown 0.303 0.07 0.720 0.039 0.260

Table 10.2: Significance of the changes in pH and Titratable acidity with the

addition of alpha amylase and roasting to Fresh tigernut milk

Fresh + Fresh + Roasted + Roasted +
Property Variety 0.2% a- 0.5% a- Roasted 0.2% a- 0.5% a-
Amylase ~ Amylase Amylase  Amylase
Black 0.251 0.000 0.001 0.000 0.000
PH YCUBRISIENN 60 0.000 0.027 0.000 0.000
Brown
. Black 0.220 0.076 0.833 0.220 0.052
Titratable vellowish
acidity VIS 0,278 0.035 0.833 0.157 0.024
Brown
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Table 10.3: Significance of the changes in Emulsion stability with the addition of

alpha amylase and roasting to Fresh tigernut milk

Fresh+  Fresh + Roasted  Roasted
0, 0, 0] (0)
Property Variety Xlirﬁ Xlzrﬁ Roasted J:A(I)bzhf J:A(I)pif
Amylase Amylase Amylase Amylase
: Black 0.00 0.000 0.00 1.000 0.000
Emulsion vellowish
stability %OW'S T 000 0.00 0.001 1.00 0.000
rown

Table 10.4: Significance of the changes in Foam capacity and Foam stability with the

addition of alpha amylase and roasting to Fresh tigernut milk

Fresh + Fresh + Roasted + Roasted +
. 0.2% 0.59% 0.29% 0.59%
Property  Variety Alpl‘(l)a Alpr?a Roasted Alpl’(l)a Alpr?a
Amylase  Amylase Amylase  Amylase
Black 0.011 0.00 0.000 0.000 0.00
Foam
Capacity ;e"OW'Sh' 0.034 0.000 0.000 0.000 0.000
rown
Black 0.016 0.000 0.000 0.000 1.000
Foam Yellowish-
stability B 0.085 0.001 0.000 0.000 0.000
rown
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Table 10.5: Significance of the changes in colour constituent L*, a* and b* ‘a’ with the

addition of alpha amylase and roasting to Fresh tigernut milk

Fresh + Fresh + Roasted Roasted
Colour Variet 0.2% 0.5% +02%  +0.5%
constituent y Alpha Alpha Roasted Alpha Alpha
Amylase Amylase Amylase Amylase
N Black 0.1340 0.070 0.357 0.002 0.001
L Yellowish-
Brown 0.047 0.003 0.385 0.024 0.002
N Black 0.681 0.196 0.027 0.230 0.00
a Yellowish-
Brown 0.018 0.00 0.001 0.00 0.000
N Black 0.068 0.008 0.108 0.007 0.00
b Yellowish-
Brown 0.448 0.146 0.00 0.00 0.00
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