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ABSTRACT

Frafra potato (Solenostemon rotundifolius) is an underutilised climate-resilient tuber crop
commonly cultivated in the tropics, including Ghana. Several accessions of Frafra potato
have been identified and bred to broaden its application in different food products. This
study characterised the starch and flour made from ten (10) Frafra potato (FP) accessions,
from Ghana (released) and Burkina Faso (unreleased), in terms of their starch (FPS) and
flour (FPF) yield, and their physicochemical and functional characteristics. FPS yields were
similar (p < 0.05) and ranged from 35 to 39% dry matter. FPS also had similar (p < 0.05)
colour but differed in paste clarity, ranging from 51 to 63% of the FPS gels. The starches
from all accessions displayed similar (p < 0.05) amylose/amylopectin ratio, syneresis %,
granule types and shapes. Differences were observed in the thermal properties of the

starches, even though XRF and FTIR spectra revealed them to be A-type starches, which is

typical of root crops. The variations in granule size and thermal properties between FPS
likely affect FP's coo 7 |
The released accessi
to 8.7% and 5.1 to

commonly found in

ash, ranging from 5.1
essions. Four proteins
d tarin) and protease
inhibitors (Bowman-
PAGE). Amino acid
acids (Valine, Tryptc

olecular weight (SDS-
n (7) essential amino
, and Isoleucine). FPF
showed similar func typical shear-thinning
pseudoplastic flow. P jenerally fine particles,
mostly passing throu r was characterised by
a maximum allowal ] heir fine particle size
distribution, relatively in co | other fu perties, FPF was used as
a replacement for wheat 7 ree bread. The results showed that
the application igh. iti 200-gelati bination) followed by
n} ﬁfflg&chnolo allﬁbe usicmo L%/e p gluten-free bread from

FPFwith comparable attributes as that 0 taln rom wheat flour (WTB). The dough and

bread structure showed that the dough conditioners technologically mimicked the gluten-like

Transglutaminase treat

network, as demonstrated by textural and dough properties. SEM revealed the improved

network matrix and well-embedded starch granules in FPB comparable to WTB.
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A panel of nine (9) trained assessors were used to assess six (6) bread samples, five of which
were gluten-free, and one was typical wheat bread, using the Quantitative Descriptive
Analysis (QDA®) method. The products were differentiated in appearance by brown crust
(top and bottom), smooth bottom crust and homogeneous bottom crust and by a minor bitter
flavour note perceived in the gluten-free products. The top and bottom crusts of WTB and
B14 had the lowest intensity (lightest) of brown colour in the sample set, but they differed
statistically (p < 0.05) from each other. All the bread samples smelled and tasted like typical
wheat bread. Sensory profile of the products correlated strongly with the colour and dough
properties of FPF. Thus, in developing bread from FPF, attributes of colour and dough
properties should be considered.

The study showed that FPF has characteristics that make it suitable for gluten-free bakery
applications and can help address nutrition and food security in Ghana and Sub-Sahara

Africa by promoting its utilisation.
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CHAPTER ONE
1.0 INTRODUCTION

1.1 Background Information

Climate change is disrupting all aspects of food and nutrition security globally, especially in
developing countries. These countries must set up innovative ways to better manage their
natural resources in order to alleviate hunger and poverty and make sure that people have
access to nutritious food. Developing countries must adapt food production systems and
processes to mitigate the demands of climate change for everyone to have safe and adequate
food (FAO, 2008; Akanlu et al., 2005). The effects of climate change, such as extreme
temperatures, drought and unpredictable rainfall patterns are already causing significant

losses to staple crops

Consequently, it is y promoting climate-

resilient crops. Whil y communities, their
production needs to s that are traditionally
produced from non- > prospects of legumes
such as yam bean a eat flour (Altan et al.,
2009; Alozie et al., 2 osite bread.
Frafra potato (Sole climate-smart locally
cultivated crop in G Hlow utilisation. Studies
have shown the po et potato, yam and
cassava) in the pr

products (Osei Tutl et ah ‘%I%Ml@wa%&

2008). Wheat flour is widely patronized in Ghana, but it is expensive due to high

eat flour in pastry

et al., 2012: Singh et al.,

importation costs. The successful substitution of wheat flour (partially or wholly) with

locally processed (underutilised and climate-resilient) tuber flour in food applications will
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have tremendous implications for food and nutrition security as well as for the local

economy.

This study will investigate the suitability of Frafra potato flour (FPF) as a primary ingredient
for gluten-free pastry products, with similar characteristics as wheat flour, with (or without)

modifiers such as protein cross-linking agents.

1.2  Rationale
Changes in the climate have necessitated exploring the potential of neglected indigenous

climate-smart crops on the verge of extinction to ensure food security in developing

countries. Frafra pot rt crop. The crop is a

good source of car , iron, and calcium).
Frafra potato has rel ncentrations compared

to varieties of its cl . the utilisation of the

crop is limited. Trad poiled chunks. Current

studies have explored ute for wheat in pastry
production. Howeve derstand its properties
for culinary applicat Jout understanding the
tubers' physicochemi' fics. Understanding the

characteristics of Fr e utilisation of the tuber crop

can help address fo ! ition security, especially in th 7 es where the crop is

Eﬁﬂrﬁﬂ@%ﬁﬁe—aitemaﬁ\‘/e to wheat flour.

Considering the nutritional benefits of Frafra potato, this study will characterise and

cultivated. It could also prfJ’\‘#cT;

investigate the potential food applications of Frafra potato flour.
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1.3 Main Objective of Study
The main objective of this study was to process and characterise Frafra potato flour as an

ingredient for food applications.

1.4 Specific Objectives of Study

The specific objectives of this study were to determine the:

=

Yield, physicochemical and microstructural characteristics of Frafra potato starches

N

Physicochemical, functional, and rheological characteristics of Frafra potato flours

3. Characteristics of gluten-free bread made from Frafra potato flours

&

Sensory profile of gluten-free bread made from Frafra potato flours
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CHAPTER TWO
2.0 LITERATURE REVIEW
2.1 Agronomy of Frafra Potato
Frafra potato (Solenostemon rotundifolius) is an annual herbaceous plant belonging to the
family of Lamiaceae. This family includes more than 200 species comprising ornamental,
medicinal plants, and edible tubers crops (Nanéma et al., 2009; Nkansah, 2004).
Solenostemon is a tropical genus of Lamiaceae. S. rotundifolius is believed to have
originated in Central or East Africa. It spread early throughout tropical Africa and into
South-East Asia (India, Sri Lanka, Malaysia, and Indonesia) (Nanéma et al., 2009; Nkansah,

2004). It is cultivated on a small scale in numerous West African nations (Burkina Faso,

Ghana, Mali, Niger, tundifolius is variously

referred to as Chine potato, Hausa potato,
Zulu round potato, I ). It develops well in
districts getting yearl Ids usually range from
7 to 15 t/ha; howeve 5t/ha under favourable
conditions (Tortoe et etteh and Guo, 1997).
Frafra potato (Solenc on genus. The plant's
scientific name (rot asionally described as
Coleus dysentericus I., 1990; Mohankumar
and Nair, 1990; Va 1990; Yayock et al.,

1988). It is Whlte rown tubers cultivated in SOf

as Nigeria as a staple and m’TnEE@EbﬁMEQ&MG

it is eaten as a main meal (Akanlu et al., 2005; Quainoo and Bayorbor, 2002; Tetteh and

ican countries such

a staple in Ghana because

Guo, 1997). It is a neglected crop of minor economic importance due to post-harvest
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constraints and the threat of genetic erosion by high yielding close substitutes (sweet potato

(Ipomoea batatas), yam (Dioscorea spp.) varieties) in Ghana.

2.1.1 Frafra Potato Varieties
There are two main types of varieties of Frafra potato. They include the traditional and
improved varieties. (Tortoe et al., 2018). Table 2.1 shows ten common varieties of Frafra

potato cultivated in Ghana.
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Table 2.1: Physical characteristics of some common varieties of Frafra potatoes

cultivated in Ghana

Variety Local name Status (improved/ Shape / Colour
traditional)

AC0102 “Nutsugah Piesa (Nutsugah’s Improved Oblong/Light brown
Frafra potato)”

UEO009 “Garu Piesa (Frafra potato Traditional Elliptical/Brown
from Garu)”

uwo10 “Jirapa Piesa (Frafra potato Traditional Oblong/Light brown
from Jirapa)”

Uwoo01 “Wa Piesa (Frafra potato from Traditional Elliptical/Brown
Wa)i,

Uwo22 “Naachem-Tiir (hope for the Improved Obovate/Brown

UE023 Fairly round/Brown

UEO19 Obovate/Brown

Uuwo20 Elliptical/Brown

UEO021 Elliptical/Dark

Brown
AC0201 Fairly round/Brown

Source: Tortoe et al.,

2.1.2 Frafra Pp% jon and Varietal Distribution i

In Ghana, Frafra potato is maﬁg'altﬁaﬂmﬁaﬁbwme-l

evel |n northern Ghana,
specifically in districts such as Builsa, Kassena-Nankana, Frafra, Lawra-Nandom, Jirapa-

Lambussie, Nandawli, and Wa. Frafra potato ranks highest among the tuber crops in Ghana
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in protein and some micronutrients (Tetteh and Guo, 1997; Sugri et al., 2013; Tortoe et al.,
2018).

Frafra potato is usually cultivated as a mono-crop but may sometimes be intercropped with
yam, okra, maize, rice, sorghum, cowpea and bambara groundnut. It is usually grown on
mounds and sometimes on ridges but not on flat surfaces. Tubers are primarily used for
propagation, but softwood stem cuttings can also be used. Farm sizes range between 0.05
and 1.2 ha. When it is very much developed, 50 kg of potatoes may be harvested from just
one of the small hills (Akanlu et al., 2005; Quainoo and Bayorbor, 2002; Tetteh and Guo,
1997). A wild type referred to as "Tug-piece", meaning “shrub Potato”, has been identified

by farmers. In descending order of importance, constraints to production include rapid tuber

deterioration in sto' ‘ts and diseases, and

insufficient soil moi bor, 2002; Tetteh and
Guo, 1997).

Frafra potato does n . They can do well on
marginal lands, eve matter. They do not
require chemical fert ps and harvested when
required. They are ¢ prouting (Sugri et al.,
2013; Quainoo and B e undersized tubers to
utilise as seed-tubers.
ure until the next
mé)o and Bayorbor,

In some cases, the seed-tub

season or stored in
2002; Tetteh and Guo o 9"7‘)" ﬁ%;ﬂaﬂ@ﬁ%ﬂ%&mple farmers utilize millet

straw to cover the seed-tubers and store them in a cool, dry place. After sprouting the

environment to keep them as;

tubers are planted on raised beds. The crop is planted between October to December. Frafra

potato takes approximately 100 days from planting until maturityand the yield ranges
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between 5 and 15 t/ha with natural and excellent planting conditions. Planning the soil to
develop Frafra potatoes is exceptionally monotonous and work seriously. Making raised
edges or hills sometimes requires more cultivated hands, depending on the measure of the
cultivation. The sprouted tubers are planted at a 15 cm spacing (Quainoo and Bayorbor,

2002; Tetteh and Guo, 1997).

2.1.3 Post-harvest Losses and Strategies for Controlling Post-Harvest Losses
Frafra potato has a relatively low yield and high post-harvest loss due to its perishable nature
(Akanlu et al., 2005). Its perishability is due to the high moisture content and size of the

tubers. Therefore, breeders and food processors need to develop a protocol to control the

high post-harvest los I., 2013; Tortoe et al.,

2018). One of the w. 0sses is to process the
crop into a very lo roperly packaged and
stored, tuber flour i road potential in food
applications (Akanlu in the crop due to high
post-harvest losses, )97; Sugri et al., 2013;

Tortoe et al., 2018).

2.1.4 Value Additio

Value addition, jally fory ] i "tal to promoting

their utilisation. \/alue Wﬂ ch or b!y fortification is
essential to sustalnmg and mprc%ﬁ'ﬂiof Im%gns #ood securlty, especially in the

rural areas where 80% of poor, hungry people live (Akanlu et al., 2005; FAO, 2008).

by processmg into flour,
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2.2 Importance of Frafra Potato

The significance of Frafra potatoes as a staple food has been supplanted by other tuber crops
such as cassava (Manihot esculenta), yam (Dioscorea spp.), and sweet potato (Ipomoea
batatas). The crop serves as an essential food crop, especially during the dry season in the
northern parts of Ghana (Nkansah, 2004). The crop’s potential in meeting the nutritional
needs of consumers and replenishing soil fertility cannot be overemphasized (Sugri et al.,

2013; Nkansah, 2004; Tetteh and Guo, 1997).

2.2.1 Nutrient Composition of Frafra potato

Frafra potato is an essential source of dietary nutrients. The nutritional profile does not vary

significantly among : al factors (geographic)

and the stage of ma al composition of the
crop (Nkansah, 2004 Ily, the crop is mainly
a carbohydrate foo Icium, iron and beta-
carotene (vitamin A lso been reported that
Frafra potato, with serve as an excellent
alternative to flour i et al., 2013; Tortoe et

al., 2018). Table 2.2
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Table 2.2: Composition of the Frafra potato per 100 g edible portion

Composition Per 1009 Source

Energy 94 kcal (Tetteh and Guo, 1997)
Carbohydrate 21.9¢

Protein 7949

Fat 0.2¢g

Fibre 119

Calcium 17 mg (Nkansah, 2004)
Iron 0.6 mg

Thiamin 0.05 mg

Riboflavin 0.02 mg

Niacin 1.0 mg

Ascorbic acid 1.0mg

Water 75.6 g (Tetteh and Guo, 1997)

While the tuber is mainly a starchy food, it is also rich in protein (7.9 g/100 g). Compared

with sweet potato (0 /100 g), Frafra potato

ranks highest in pro in Ghana (Tetteh and

Guo, 1997; Sugri et

2.2.2 Agricultural Si
Frafra potato is a po n the northern parts of
Ghana (Akanlu et a tiny portions of millet
farming lands (Sugri programs to replenish

soil nutrients since it d Guo, 1997). The crop

develops well in@r hle ensiv Ie crop does well
with very little ,étten io | ial industri nd may be prepared into

10
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2.3 Utilisation of Frafra Potato

It is consumed in various forms depending on the food preferences and eating habits of
consumers. The tubers are a staple food in West Africa and an alternative food (vegetable) in
countries such as India, where part of their production is used for animal feeding (Sugri et
al., 2013; Tetteh and Guo, 1997).

According to Tetteh and Guo (1997), the potatoes are more often than not broiled, browned
or steamed, and served as an early morning meal. This is popularly called ‘children food’ by

the local people of Northern Ghana (Tetteh and Guo, 1997).

Newborn babies are fed with porridge made from Frafra potatoes (Sugri et al., 2013; Akanlu

et al., 2005; Tetteh etable soup and cakes,

which is believed to d and mashed and used
like yam balls. Most knowledge of how to
prepare them is dim cumented (Tetteh and

Guo, 1997).

2.4 Flour and Co

2.4.1 Cereal Flou

Cereals such as maize

cereal for flour @n glo S
cultivated since the beg .of human civilization. There;

e M INTEA D vt i bl f—e
namely hard or soft, springﬁrﬁﬁﬁyﬁeﬂgﬁ%@&%ﬁgﬁv eat (Mongi et al., 2011;

Pasha et al., 2011; FAO, 2009).

heat is a widely used

rliest food crops

rious vzilrieties of wheat,
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The great demand for wheat comes from increasing population, urbanization and changing
food habits and preferences (Euromonitor, 2011). Wheat’s characteristic protein and gluten
content make it the best cereal for flour production and the most suitable primary constituent

in bread and other baked foods (Mongi et al., 2011; Pasha et al., 2011).

2.4.1.1 Importance of Wheat Flour

Wheat is considered a great source of protein, minerals, B-group vitamins, and dietary fibre,
an excellent nutritional component of food (Komlaga et al., 2012; Sanful et al., 2010). Apart
from human and animal consumption, wheat can be used for brewing wheat beer. In

addition, wheat is incorporated into food production as a partial or complete substitute for

meat and makes whe the increased price of

petroleum and allied ction (FAO, 2009).
2.4.1.2 Nutritional
The grain is usually @ 7% bran and 80 - 85%
mealy endosperm ( fibre, which makes up
53% of its structure; erals. The outer layer
of the endosperm ( In contrast, the inner

endosperm, which is | energy-yielding starch,

fats, major B vitamins such as and protein such as albumins,
] (==
globulins, glladlns ins that will form gluten (makesitip, 47% of the total protein

content in Wheat) This glveg/\;r:éﬁﬂlrfﬁm&&h&p’gpertles that make it excellent

in foods such as bread, pasta, and noodle production (Sramkova et al., 2009; Javed et al.,

2012).

12
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2.4.1.3 Economic Impact of Wheat Flour Patronage in Ghana

In Ghana, all the wheat consumed is obtained from imports, making Ghana one of the largest
wheat importers in Sub Saharan Africa (SSA) (Washington et al., 2012). According to
Washington et al. (2012), Ghanaians consumed an estimated 827,000 metric tons (MT) of
wheat mainly as flour, with 80% of wheat flour utilised for bread making. In contrast, the
remaining 20% was utilised for cakes and other baked goods. Three wheat-milling
companies exist in Ghana with an add up capacity of 1,500 tons per day, but this caters for
less than 10% of the total demand required to sustain the baking industry in Ghana. The
demand for wheat in Ghana is soaring, resulting in more significant expenditure on wheat

importation despite increases in world prices (USDA, 2021).

Ghana spent about to 2020. Wheat flour

consumption is likel growth, meaning the
amount spent on whe 21).
With the steady in Ghana, adoption of
underutilised local cr ducing the import bill
of the country and ad )f extinction, to sustain
them in the food cha erating income for the

local farmers and con

%J
2.4.2  Tuber Flour roﬁp in Ghana
There have been extensive stugg'ﬁi Rﬂ%&p&'ﬂ%r flour in Afrlca and Ghana.

Among these is the Gratitude Project (G.P.) through the Food Research Institute (CSIR-FRI)
developed technologies to produce high-quality cassava, yam, and Frafra potato flour (Osei

Tutu et al., 2019; Tortoe et al., 2018; Gratitude Project, 2015). Osei Tutu et al. (2019) and
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Tortoe et al. (2018) investigated the potential of Frafra potato flour in making composite
bread and ‘koose’ (a local snack in Ghana). Ofori et al. (2009) also investigated the potential

of sweet potato flour in food applications.

Cassava and yam are important food security crops in most of sub-Saharan Africa and Asia
because their farming framework expands the capability of manageable cultivation despite
drastic environmental changes (Gratitude Project, 2015). After harvesting, losses in cassava
and yam are huge and come in three structures; physical waste, monetary waste, and wastes
from the biowaste. Out of the products that can be derived from the tubers, High-Quality

Flour (HQF) stands out because of the potential of utilizing the tubers on a large scale,

which will accelerate ector. Possible uses of

HQF include instan flour) for producing
pastry products and ¢ atitude Project, 2015).

Figure 2.1 shows a fl

14
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2.4.2.1 Tuber Flour Processing

Wholesome tubers

1

2.4.2.1.1 Washing, Weighing, and Peeling

The tubers are washed to clean the soil residue on the tubers. They are weighed to determine

their weight before processing. They are peeled to remove the outermost skin, which is not

15



University of Ghana http://ugspace.ug.edu.gh

edible, and washed again afterwards to ensure any exposure to dirt during the peeling

process is gotten rid of (Tortoe et al., 2018; Gratitude Project, 2015).

2.4.2.1.2 Cutting and Blanching
The peeled tubers are then blanched to prevent enzymatic browning by denaturing enzymes
that may catalyze such a reaction and destroy microorganisms on the tubers (Tortoe et al.,

2018; Gratitude Project, 2015).

2.4.2.1.3 Drying and Milling

Drying is done in a controlled environment in an oven at a desirable temperature such as 50 -

60 °C for 10 — 12 hou . The dried tuber slices

are then milled in a | eness of flour (Tortoe

et al., 2018; Gratitud

2.4.2.1.4 Packagi
The flour is package , dry place to prevent
moisture absorption, e causing the flour to

deteriorate (Tortoe et

2.4.2.2 Importan

st losses in tuber
1

cultivation. Tuber flour pl"gﬁtrcﬁ;m;ﬁ)m@@wgve t management, reducing

Tuber flour prp sontributes greatly to controllin

physical losses through value-added processing (Gratitude Project, 2015; Ofori et al., 2009;

Tortoe et al., 2018).
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2.4.2.3 Economic Impact of Tuber Flour Production

Approximately 30% of cassava and 60% of yam are lost annually, which occurs throughout
Ghana's food chain. The waste associated with cassava and yam comes in various forms, as
peeling losses can be 15 - 20% or higher. Tuber waste often has no economic value, making
processing this waste into good form a negligible business plan. Tuber flour production
improves the post-harvest management of tubers, leading to reduced economic losses
through value-added processing and valorization of waste products (Gratitude Project, 2015;

Ofori et al., 2009; Tortoe et al., 2018).

2.4.3 Composite Flour

Several institutions Food and Agriculture

Organization of the | of composite flour in
the face of populati r the years. This has
mainly been becaus the need for variety,
coupled with a trem t, 2015; Ofori et al.,
2009). The FAO has te flour and alternative
flour to reduce the o ping countries that are
most affected by the nate conditions, cannot

cultivate wheat to Slj ‘

1988; Dendy, 19

=
Composite flour Ts"made dg‘l otgﬁg‘ofl tﬂ@@ﬁﬁ?&lhﬂ? wheat fic;ur with flour from

local food crops such as tubers (cassava, cocoyam, sweet potato, yam) and protein-rich flour

006: Fellers and Bean,

(soy, peanut) and cereals (maize, rice, millet) that serve as a means of diversifying and

improving utilisation of local agricultural food products (Akubor et al., 2013; Seibel, 2006;
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Akubor, 2004). The secondary flour obtained can be incorporated into various staple foods.
Yam, sweet potato, cocoyam, tapioca, cassava, Frafra potato, cowpea, African yam bean,
and many other indigenous crops have been used to form a composite with wheat flour to
improve the nutritional and fibre content of flour and flour products, combat dietary-related
challenges such as protein-energy malnutrition (PEM) in Sub-Saharan Africa as well as
reduce the over-dependence on wheat (Yadav et al., 2012; Sanful et al., 2010; Olaoye et al.,
2006). The extensive studies conducted on tuber flours provide a solid background for
investigating the feasibility of processing Frafra potato into flour and assessing its potential

in baking applications.

2.4.3.1 Importance of

There is adequate he studies conducted

investigated the fe ectionary and bakery

industries (Alam et 2013). The Gratitude

Project (2015), expe posite flours in bread

production. Results r assava flour produced

which was rated ali involving the use of

cowpea-wheat comp -puff” production was

investigated, 10% - 5 d products with similar

sensory and physi at” flour..It_showed that the

|
ed in products that

replacement of W baked foods was achievabl
satisfied consumers (Alozﬁyg%abﬁﬂmgﬂaﬁ‘lg%po

employed to produce various products (Alam et al., 2014; Ali and Halim, 2013). In addition,

site flour has also been

10% substitution of either cocoyam flour, cassava flour, plantain flour or breadfruit flour

resulted in bread which scored 81% - 100% during sensory analysis, with cocoyam being the
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closest (91%) to the control 100% wheat flour bread (Olaoye et al., 2006; Mongi et al.,
2011). Several studies have reported on composite flour technology with varying levels of
success (Gratitude Project, 2015; Chinma et al., 2012; Ofori et al., 2009; Ikegwu et al.,
2010; Yadav et al., 2012; D’ Appolonia, 1997).

The incorporation of local food crops was feasible and increased the resultant flour's
nutritional properties and the final product's health benefits. These studies will serve as an
excellent bedrock for investigating the potential of Frafra potato-wheat composite flour in
baking applications.

Yam-wheat composite flour showed a corresponding increase in B-complex vitamins,

calcium, potassium, iron, phosphorous and manganese content of the flour and bread

produced with incre uted to the high levels

of these nutrients in ce in many emerging
countries where indi onally adequate meals
(Olaoye et al., 2006 found that lysine and
tryptophan are the i oration of African yam
bean flour in wheat wheat flour, thereby
producing cakes of b an et al., 2009). Frafra
potato flour which is mixed with Moringa
flour rich in provita > was incorporated into
wheat flour. This in

composite flour w content decreased from 189 ] .‘ 0 13.69mg/100mg.

1

This resulted in éb?nposﬂe‘#eggﬁ\ﬂaé’tmma%ﬁgaa le rﬁiﬁérals, were low in

starch and had high protein digestibility (Chinma et al., 2012). Composite flour prepared
from various roots and tubers, legumes, and cereals can supply the required amount of

amino acids, fibre and minerals resulting in numerous health benefits.
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Ohimain (2014) posited that implementing the composite flour program in five selected
countries would promote the cultivation of 700,000 new hectares of indigenous tuber crops
for local grain production, generate 51,000 new jobs, US $110 million in value-added
products and $100 million in foreign exchange. These findings make it imperative for Ghana
to adopt a composite flour program. It will utilize indigenous crops and reduce expenditure
on wheat importation while contributing to overall health and wellbeing. However, it will

also improve the livelihood of farmers and society in general.

2.5 Chemical Characteristics of Cereals and Root Tubers

Cereals and root tub erals as their primary

constituents. Howev ounts of beta carotene,

a precursor of vitami

2.5.1 Starch
Starch is a carbohyd e essential sources of
energy for humans & land, delicate whitish
substance made by g rg, 1995). The starch

molecule's arrangeme

vegetables dehw@{— -

|i N
In 2012, plant- based starch-gen e%ﬁbﬁhﬂﬂ%ﬁgm@d 0 be at around 75 million

tons (Aprianita et al., 2013). Starches can differ broadly in how rapidly they thicken, how

glycosidic bonds. All

much they thicken, the quality of the thickening, and their flavour after thickening. Choosing

one starch over the other implies understanding its properties and how it behaves when
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utilised for a particular reason (Abo-El-Fetoh et al., 2010; Ikegwu et al., 2010; Radosta et

al., 2001). Starches may be categorized into the following:

2.5.1.1 Native Starch

Once extracted, native starch could be a white bland and unscented powder that is insoluble
in alcohol or cold water, which is utilised broadly within the culinary and paper industry
essentially for thickening and binding purposes (Radosta et al., 2001; Madsen and

Christensen, 1996; Jane et al., 1994).

2.5.1.2 Modified Starch

Native starch can b hatic process to make

‘modified starches’, industries such as the

culinary, paper, and ind Christensen, 1996;

Jane et al., 1994). Ta ew of the conventional

capacities of starch ment of applications,

nourishment, or non El-Fetoh et al., 2010;

Roger et al., 1999; s have been useful for
their properties, suc able consistency with
temperature changes ' ¢ n culinary applications,

the vital alterations ions coming about

for case from co ing/thawing, canning or st

ST PR RS RRD MR

high temperatures) (Abo-El-Fetoh et al., 2010; Radosta et al., 2001). One of the destinations

d to create them

arrangements, and ultra-

consistent with present-

common to most of these changes is to restrain the characteristic propensity of starch to

retrogress. Amid the cooking of soup, for instance, the local starch is hydrated in contact
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with water. The starch granules extend, and the thickness of the arrangement increments as

well, giving it a surface (Abo-El-Fetoh et al., 2010; Radosta et al., 2001; Roger et al., 1999).

2.5.1.3 Wheat Protein

From bread baking to cookies, wheat protein content is an important concern for all end
products. Wheat proteins include gliadins, albumins, globulins, and glutenin (Kumar et al.,
2011; Musa Ozcan et al., 2006). Gliadin and glutenin are gluten proteins that account for
around eighty percent of total protein in wheat flour and are found in roughly similar levels.
The most important factors of wheat flour's functional characteristics are gliadin and
glutenin (Muyonga et al., 2014; Washington et al., 2012). A correct balance of gliadin

(which contributes red for ideal dough

characteristics (contr he functional qualities

of dough are made u , 2013; Washington et
al., 2012). If all oth higher protein wheat
have a higher water read volume capacity,
depending on the ba al., 2012; Mongi et al.,
2011). Rehydrated g sible and hermetically
sealed flexible struct ' 7 . vi : (Chinma et al., 2012;
Mongi et al., 2011). 7 Ichlas 0 not contain sufficient
gluten and are us | at” breaks..down easily, hasa
small volume, an 7
INTEGR| PROCEDAMUS |
2.5.1.4 Root Tuber Proteins

Root tuber usually contains storage proteins. Storage proteins can be defined as proteins

whose primary role is to act as nitrogen, sulfur, and carbon stores. They may enable the plant
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to survive periods of adverse conditions or between growing seasons and may provide
nutrients to support the growth of new plants as seedlings (from seeds) or shoots (from
tubers) (Alozie et al., 2009; Shewry, 2003). They serve as a reservoir for nitrogen and sulfur,
stored in more significant quantities under conditions of excess nutrient supply. They are
also located in the cell in protein bodies which facilitates high-level accumulation without
adverse effects on other cellular functions (Shewry, 2003). Most proteins in these groups
have no known biological activity and are thought to function solely as storage proteins.
Though they are related in their structures and evolutionary origins to groups of biologically
active proteins, some 2S albumins have been shown to exhibit antifungal properties and

inhibit serine proteinases when tested invitro. These activities may represent a substantial

secondary role, but
ancestral proteins wit
Compared to cereal so have albumin and
globulin proteins. Hc are the gluten proteins
that give wheat flour at flour most suited for
baked products suc uyonga et al., 2014;

Washington et al., 20

2.5.2 Cereal Starch

Wheat starch anc@c are cereal sta globally (Le-Bail
. } |

etal., 2018). In cereals, onstitutes 65% to 75% of lhg ' ain Weight, with amylose
T ‘ e — —f,_ i o

and amylopectin content i# tE‘eEﬁE* ﬁﬁ%@&kﬂ%‘%—to 30% and 70% to 80%

respectively. Previously, wheat with more than 28% amylose was classified as high amylose,
but other studies have reported utilising wheat with 38% amylose. In recent years, scientists

have developed a wheat variety with an 85% amylose concentration (Ang et al., 2020).
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Structurally, cereal starches’ semicrystalline nature has been shown to be mostly an A type
crystallinity, with diffraction pattern of X-ray showing characteristic peaks at 20 angles (A =
0.15405 nm): 10.1, 11.3, 14.9, 17, 18.1, 23, 23.9, and 26 degrees (Ang et al., 2020; Le-Bail
et al., 2018). Cereal starches have medium-sized starch granules, with an average diameter
of 10 um, that gelatinize at higher temperatures than root starches (Abo-El-Fetoh et al.,
2010). However, once that temperature is reached, thickening happens very rapidly. These
starches are nearly unadulterated starch, with cornstarch being a more efficient thickener
than wheat starch. Cereal starches contain higher fats and proteins, making sauces thickened
with these starches opaque and matte-like. These starches tend to have a particular cereal

taste once cooked (Abo-El-Fetoh et al., 2010; Radosta et al., 2001; Roger et al., 1999).

The main role of st and breaded foods is

adhesion (Le-Bail e t starch, is still most
commonly used in b around which baking
recipes and procedu ization occurs during
baking and is import ell as the changes that
occur as the product not occur in all baked
goods, and the amo water available. For
significant gelatiniza iscuits and pastes, the
water content is oft intense (Ang et al.,
2020; Le-Bail etal, eat starch dilutes wheat glutefs .‘ uaite consistency in
leavened dough,Ferides rﬁgtgg‘%ﬁrﬂﬂmaégi&surface‘%r strong bonding

with wheat gluten. It allows for bread expansion during partial gelatinization and sets the

loaf structure during baking. When it comes to the cooling stage, it creates a hard network

24



University of Ghana http://ugspace.ug.edu.gh

that prevents the loaf from collapsing and gives the baked product structural and textural
features (Le-Bail et al., 2018; Radosta et al., 2001).

Retrogradation, which symbolizes the gel form by the reassociation of amylose chains, is
another cooling event. During storage, this process involves the development of organized
structures. Retrogradation is essential since it might be a desired end point in some
applications, but it also causes bread to become stale and starch pastes to become unstable.
The granules size distribution, and the amylose/amylopectin ratio of wheat starches makes
them more suited to baking than other starches such as those from root tubers (Ang et al.,

2020; Le-Bail et al., 2018).

2.5.3 Root and Tub
In root tubers, starch d amylopectin content
in the starch ranging vely (Abo-El-Fetoh et
al., 2010; Radosta et rystalline nature were
thought to be main rn of X-ray showing
characteristic diffract 0.1, 11.3, 14, 14.9 17,
19.5, 22, 26, and 23 018). However, recent
studies have shown t ) 8 as therg ' starches that are of the
A type crystallinity, w 1 (A = 0.15405 nm): 10.1,
11.3, 14.9, 17, 3, 2% | cereg ?hes (Ang et al.,
2020; Le-Bail et al., t and tuber starches a[g_laig_g ' .é S arc:hes, with granule
size ranging frorF about 11#;5@5*1!? &ﬁﬁ%‘&g{y iowe:r‘;emperatures, with
higher paste clarity (50 to 80%) compared to starches from cereals. Sauces thickened with
root tuber starches are more translucent and glossier, and they have a silkier mouthfeel.

These root starches do not perform as well as cereal starches to longer cooking time and so
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they are best utilised to thicken sauces toward the end of cooking (Aprianita et al., 2013;
Abo-El-Fetoh et al., 2010; Radosta et al., 2001). Due to the absence of gluten in root tubers,
when their flours are used in breaded foods, they do not give the baked product structural

and textural features in cereals such as wheat flour (Ang et al., 2020; Aprianita et al., 2013).

2.6 Utilisation of Cereal and Alternative Flours

2.6.1 Cereal Flours
Cereal flours are made from cereals such as wheat, rye, and rice. They are widely used

globally for confectionary, bakery, and pastry purposes (Ali et al., 2013). Flours made from

cereals such as rye a pared to wheat flour.

Gluten gives wheat f ality. For example, in
bread production, gl g by trapping carbon
dioxide (CO3) produt ‘al., 2013; Washington
et al.,, 2012). Glute make them hard if
overworked. Hence, bokies, cakes, biscuits,
pancakes, and anythi Aprianita et al., 2013).
Wheat flour works 2at flour products are

controversial due to ‘ ;
intolerance and Celi

free flour and |ts% tal., 2013).
Even though cereal flours I!n‘gve%%ér[: ;ﬂmhhﬁemg appllcatlons there is the

need to sometimes resort to alternative or composite flours, especially in developing

wheat protein. Gluten

to explore gluten-
|

countries where the importation of all-purpose flour, which is made from wheat, is costly.

Alternative or composite flours made from indigenous root tuber crops have the potential in
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bakery applications to lessen the over-dependence on wheat flour, which is expensive (FAO,
2014; Ali et al., 2013; Aprianita et al., 2013). Table 2.3 shows the nutrient profile of wheat

flour.

Table 2.3: Nutrient Profile of Wheat Flour

Nutrient Amount Unit Derived By
Water 11.92 g
Energy 364 kcal Calculated
Energy 1523 kJ
Protein 10.33 g
Total lipid (fat) 0.98 g

Ash
Carbohydrate, by dif

Fiber, total dietary

Sugars r form of the food or
ntration adjustment; No
ention factors not used.”
Calcium, Ca
Iron, Fe

Magnesium, Mg
Phosphorus, P

Potassium, K

Sodium, Na

Zinc, Zn s :

Copper, Cu I 0.144 mg = 1
Manganese, MnHL HHTE‘EH! F! H;GEDH.LJ%——

Selenium, Se 33.9 | Mg Analytical
Vitamin C, total ascorbic acid 0 mg

Thiamin 0.12 mg

Riboflavin 0.04 mg
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Niacin 1.25 mg

Pantothenic acid 0.438 mg

Vitamin B-6 0.044 mg

Folate, total 26 Mg

Folic acid 0 Mg “Assumed zero (Insignificant amount or not
naturally occurring in a food, such as fibre

in meat).”

Folate, food 26 Mg

Folate, DFE 26 Mg Calculated

Choline, total 10.4 mg “Based on another form of the food or
similar food; Concentration adjustment; No

adjustment; Retention factors not used.”
Vitamin B-12 0 Mg “Assumed zero (Insignificant amount or not

naturally occurring in a food, such as fibre
eat).”

Vitamin B-12, added ignificant amount or not
in a food, such as fibre

eat).”

Vitamin A, RAE ' Iculated

Retinol ero (Insignificant amount or not
in a food, such as fibre

eat).”

er form of the food or
ntration adjustment; No
tion factors not used.”

Carotene, beta

er form of the food or
entration adjustment; No
ntion factors not used.”

Carotene, alpha

of the food or
5 . _ 1 l)n adjustment; No
j_ﬁs s adjustment; Retention factors not used.”
e, ¥ = E g I
—_INTEGR| PROCEDAMUS

Vitamin A, IU —— Célculated

Lycopene 0 Mg “Based on another form of the food or
similar food; Concentration adjustment; No
adjustment; Retention factors not used.”

Lutein + zeaxanthin 18 Mg “Based on another form of the food or
similar food; Concentration adjustment; No
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adjustment; Retention factors not used.

Vitamin E (alpha tocopherol) 0.06 mg “Based on another form of the food or
similar food; Concentration adjustment; No
adjustment; Retention factors not used.”

Vitamin E, added 0 mg “Assumed zero (Insignificant amount)”

Source: Washington et al., 2012.

2.6.2 Alternative Flours

Alternative flours refer to food ingredients other than traditional milled cereal flours, such as
root and tuber flours (Aprianita et al., 2013). They aim to improve the nutritional value of
foods and satisfy the interest of producers and consumers to explore new textures, flavours,

and aromas. These flot ours, such as gluten, to

make, for example, a ch flours (wheat flour)

or dough conditioner: ins and micronutrients

(Alietal., 2013; Apr

Studies have shown t odles production using

protein cross-linking oners (egg and gelatin

powders). The enzy ic the visco-elasticity

property of gluten a to improve the gluten-

free dough propertie cture. The gluten-free

products made had some tics similar to wheat flour

re profile relative

noodles and bre@ﬁfg{]

e RS Al 3k 20HT

The use of alternative flours is gaining interest in the food industry to offset the negatives of

to the gluten-free-ones al.,-2013).
traditional wheat flour (Ali et al., 2013). The alternative flour category is still in the
development phase. Innovations are now possible due to advances in food science and

technology to produce textures like wheat flour and much greater consistency than in the
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past. Alternative flour products have been improved by using transglutaminases and gelatins
to achieve results like those of traditional wheat flour products (Aprianita et al., 2013 As the
alternative flour industry grows, the flours become more accessible, consistent, and
widespread (Ali et al., 2013; Aprianita et al., 2013). These flours will also be more
sustainably produced and processed with cleaner technologies. Rising interest in alternative
flours will ensure a new set of sustainable and nutritionally dense ingredients to product

developers.).

2.6.2.1 Transglutaminases

Transglutaminases, previously commonly referred to as “meat glue”, are enzymes found

naturally in animals xtensively distributed

group of enzymes t f proteins by forming
covalent bonds. This gh lysine bonds or by
incorporating prima idues (Kieliszek et al.,
2014).
The transglutaminase rom the blood clotting
factors of animals i t extracts. It is usually
sold in powder form. 1 ase makes it a valuable
ingredient for food riffi et al., 2002). As its
nickname suggests, / ”'ke glue, holding together pr t 7 7 |n everyday foods
like meat, baked and pas ry‘#&&ﬁﬁléﬂéﬁﬁﬁ%ﬁ& ood brm&jucers to improve
the sensory characteristics of foods or develop new products, such as gluten-free baked
products, by binding proteins in gluten-free flour to improve dough stability, elasticity,

volume, and the ability to absorb water (Kieliszek et al., 2014).
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2.6. 2.1.1 Uses of Transglutaminases in Food Applications

It is used in various foods, including sausages, chicken nuggets, yoghurt, and cheese. Studies
have shown that adding transglutaminase to chicken sausages made from various chicken
parts improves texture, water retention and appearance (Kieliszek et al., 2014; Griffin et al.,
2002). Chefs in high-end restaurants use it to produce innovative dishes like spaghetti made
from shrimp (Kieliszek et al., 2014). Since transglutaminase effectively fuses proteins, it is
commonly used to create one piece of meat from multiple pieces. For example, a high-
volume restaurant serving buffet-style meals may serve steak made by binding cheaper meat
cuts with transglutaminase (Kieliszek et al., 2014; Griffin et al., 2002). It is also used in

manufacturing cheese, yoghurt, and ice cream (USDA, 2017; Kieliszek et al., 2014).

Additionally, using and gelatin powders),

studies have reveale oodles manufacturing.

Transglutaminase w and bread and noodle

texture and structure products, such as root

tuber flours, to imprc pility to absorb oil and
water. The enzyme ate the visco-elasticity
property of gluten 3 ducts. The gluten-free
products resembled ' cochemical and sensory
features. However lour_products had a better

texture profile (Ha
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2.6.2.1.2 Safety Concerns over the use of Transglutaminases

With a nickname like “meat glue”, it is not surprising that there are safety concerns over the
use of transglutaminase in food. There is no scientific research directly linking
transglutaminase to an increased risk of disease, although research in this area is ongoing.
The FDA classifies transglutaminase as GRAS (generally recognized as safe), and the
USDA deems the ingredient safe to use in meat and poultry products (FDA, 2017; USDA,
2017). The European Union banned transglutaminase in foods, such as meat and poultry, in
2010 over safety concerns. However, it is considered safe for use in bakery or pastry

products and must be listed in the ingredients (Kieliszek et al., 2014).

2.6.2.2 Gelatin
Gelatin is a product d | parts by boiling them
in water. The extrac ood ingredient that is

soluble in warm wate en it cools. This makes

it a suitable gelling a al bars, toffees, gluten-

free bakery and pas e Transglutaminases,
Gelatin is classed as gislation globally. The
worldwide gelatin pre (roughly 300 thousand
kilograms). It is av orm and can also be
purchased in shee

protein, it has less

El-Sayed, 2014).jﬂ(-33mrhon %ﬁiﬁ&ﬁﬁ#dﬁrﬂmm%ﬁaﬂh is shown in Table 2.4.
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Table 2.4: Amino Acids Profile of Gelatin

Amino acids Percentage
Proline, or hydroxyproline 25%
Glycine 27%
Glutamic acid 11%
Arginine 8%
Alanine 8%

Other essential amino acids 16%

Other non-essential amino acids 12%

Source: Eastoe, 1955

The exact amino aci tissues utilised and the

preparation method make it, studies have
shown that the body Hegazy and El-Sayed,
2014). This means it of the remaining 1 per
cent to 2 per cent va vitamins and minerals
like sodium, calciu s not a rich source of
vitamins and minera que amino acid profile

(Eastoe, 1955).

2.6.2.2.1 Uses of%ﬁ)d Applications
Due to gelatin’s unique amino aﬁﬁaﬁl’ i BW&M& on with transglutaminases
in meat or gluten-free food products’ development. It is widely used in home cooking to
improve the rheological properties of food. It is usually stirred into smoothies, gravies,

stews, and soups (Hegazy and El-Sayed, 2014; Eastoe, 1955). It is mainly used as a gelling
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agent in cooking; different gelatin is used in a wide range of food products (FDA, 2017;
EFSA, 2006). Good examples of gelatin foods include marshmallows, gelatin desserts,
candy corn, and confections such as fruit snacks. Gelatin can be utilised as a stabilizer,
thickener, or texturizer in nourishments such as yoghurt, cream cheese, and margarine. It is
additionally utilised in fat-reduced foods to recreate the mouthfeel of fat and make volume.
It is utilised to generate a few sorts of soup dumplings and sautéed and steamed dumplings.
Gelatin is utilised for the clarification of juices (such as apple juice) and vinegar. Isinglass, a
sort of gelatin, is gotten from the swim bladders of fish and utilised as a fining agent for
wine and lager (Hegazy and El-Sayed, 2014; Eastoe, 1955).

Studies have highlighted the possibility of alternative flours in bread and noodles

manufacturing using' orove the texture and

structure of gluten-f rease dough stability,
elasticity, and volu -elasticity property of
gluten and the glute ated using the enzyme
and dough conditiong oducts were similar to
wheat flour noodles ory properties. On the
other hand, Wheat le when compared to

gluten-free items (Ha

2.6.2.2.2 Safety Concerns ov

%J
Gelatin is made FLparts from i | g skln bones, and
connective tissue, The U.S H)I(%EHE*LE HME&M‘(&@N in 1997 began monitoring

the potential risk of transmitting animal diseases, especially bovine spongiform

encephalopathy (BSE), commonly known as mad cow disease (FDA, 2016 and 2017). An

FDA study from that year posited that steps such as heat, alkaline treatment, and filtration
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could effectively reduce the level of contaminating agents. However, there is no scientific
evidence to suggest that these treatments would effectively remove the BSE infectious agent
is present in the source material (FDA, 2017). On March 18, 2016, the FDA finalized three
previously issued interim final rules intended to reduce further the potential risk of BSE in
human food (FDA, 2016). The final rule clarified that gelatin is not considered a prohibited
cattle material is manufactured using the expected industry processes specified (FDA, 2016).
Gelatin Manufacturers of Europe (GME) posited that the risk associated with bovine bone
gelatin is shallow or zero. In 2006, the European Food Safety Authority (EFSA) stated that
the BSE risk of bone-derived gelatin was small and that it recommended removal of a

request, in 2003, to exclude the skull, brain, and vertebrae of bovine origin older than 12

2.7 Physico-Chemic our

2.7.1 Physical Cha
2.7.1.1 Particle Size
According to Aprian their properties and is
a valuable indicator ¢ flour particles impact

movement, viscosity,

commonly flow effortles gular partis prianatia et al.,
. } |

2013; AACC, ZO%; articles break up more ra : nd promptly to higher
T ‘ e — —f,_ i o

suspension viscosities than ﬁ;ggﬁﬁé.gmgaﬁm};e%and higher surface charges

will usually enhance flour samples' suspension and emulsion steadiness (AACC, 2000). For

e circular particles will

numerous reasons, it is vital to measure and control the particle size distribution of some

foodstuffs since they affect the outcome of end products (Abo-El-Fetoh et al., 2010). The

35



University of Ghana http://ugspace.ug.edu.gh

most evident case is milling (or size reduction by another innovation), where the operation's
objective is to reduce the particle size of food to a desirable requirement (Aguilar et al.,
2014). Numerous other size reduction operations and techniques likewise require laboratory
estimations to track changes in particle size, including pulverizing, homogenization,
emulsification, and micro fluidization (AACC, 2000). Detachment steps, such as screening
and sifting, might be checked by measuring particle size before the procedure. Determining
the particle size of flour requiring mixing is common since flour with similar and narrower
distributions have similar effects on flavour, texture, and mouthfeel, and vice versa (AACC,

2000).

The particle size di i the sample. Sieve

analysis, where pow diameters, is the most
common method of I., 2014). The particle
size may be expresse size range is listed in
order. It may also be al of all sizes retained
or passed by a single sizes (Abo-El-Fetoh et
al., 2010). Range ana e particle size is being
sought. In contrast, ount of undersized or

oversized particles (A

Particle size anq ve a significant impact on fo .‘ f:unctionality. The
size of flour parEcTes inﬂdgﬂgggﬁ'ﬁﬁmﬁm&qumitie;‘of flours. Larger,
more circular particles will often flow more freely than smaller, less circular particles.
Smaller particles break up more rapidly and result in higher suspension viscosities than

larger particles (Aprianatia et al., 2013; Abo-El-Fetoh et al., 2010). The suspension and
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emulsion stability of flour samples is usually improved by smaller particle sizes and higher
surface charge. It impacts the reactivity of particles involved in chemical reactions and their
behaviour when they come into contact with water (Aguilar et al., 2014; Aprianatia et al.,
2013). The particle size distribution of particulate food ingredients must be measured and
controlled for these and other reasons, as it affects finished products outcome.
Understanding the physical and chemical properties of food ingredients requires knowledge
of particle size distribution. Depending on the functional features presented, finely processed
flours may be suitable for use in baking and flour mix production. The similarities in the
least gelation concentrations seen in various flours could be related to the processed flours'

particle size distribution (Aprianatia et al., 2013; Abo-El-Fetoh et al., 2010).

2.7.1.2 Colour and
The tristimulus syst a system for visually
matching a colour ag ue, under standardized
conditions; the three 2ly, and are known as
tristimulus values. T ne a sample's visually
perceived colour sche alues show a sample's
reflectivity when vis by an average viewer

under average daylig

perceived reflectance (Ohi
é;

| g EL JEE——
Colour represent;‘fTour's cﬁg#]?éﬁ'ﬁﬁdtﬂ HMEE&HH

function and the sense of nutritional value and safety. Flour's colour is affected by many

eme but also visually

1

ﬁistdry V\}h‘itle also influencing

factors, including variety, ageing, milling processes, and bleaching and maturing agents,

resulting in a spectrum of colours ranging from brownish to creamy yellow to whitish. As a
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result, from the beginning of modern flour manufacturing, the colour of flour has been an
important research topic (Kareem et al., 2015; Andrés-Bello et al., 2013; Aprianita et al.,

2013).

Colourimeters are well-suited for analysing fine powders' colour, providing the precise data
needed to perform quality inspections. Colourimeters use sophisticated spectral technology
to measure the colour of flour, allowing for the formulation of colour standards and ensuring
that all products fall within set tolerances. The Colour parameters of interest in flour are the
L" (lightness from darkness), a" (redness), b” (yellowness). These are scores that can be used

to estimate total colour difference (AE") (Kareem et al., 2015; Ohimain, 2014).

The colour of flour s ance of products made

with the flour (Karee )cessors need to assess
the colour of flour sa colour of the finished
product is not affecte e of the flour products

(Aprianita et al., 201

2.7.2 Chemical a
2.7.2.1 Proximate Cg
The proximate comp ng to AOAC methods

method 948.22),

(AOAC, 2005)
52) and ash (method 93

protein content (me e establlshed and
carbohydrate can be estlmated aEﬁ(FJ iffe HG&B@EM@‘ sum of the other components

and 100%.
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2.7.2.2 pH

pH is an essential parameter in foods because it impacts pigments (such as chlorophyll,
carotenoids, anthocyanins) responsible for fruit colour, vegetables and meat colour (Mridula,
2011). Colour and texture are vital qualities and central points influencing tactile observation
and buyer approval of baked goods, and these may be affected by pH (Andrés-Bello et al.,
2013; Mridula, 2011). pH has a pronounced impact on water absorption capacity and the
tenderness of food products. The pH value affects many characteristics and processes such
as protein characteristics as denaturing, gelification, enzymatic activities, development and
death of microbes, incubation or the deactivation of microbial spores and biochemical

effects such as Maillard reaction (Nasir et al., 2010; Musa Ozcan et al., 2006). Therefore,

information on pH i ) create safe and high-

quality value-added fi

2.7.2.3 Water and Oi

Proteins have both h them to interact with

both water and oil n capacities could be

attributed to differen on with oil and water,

and possibly confor omeranz, 1998). Water

absorption capacity in the development of

buttered and bread re product quality

(Ohimain, 2014; - t al., 2013). The ability of flogi ! W:ater is a valuable
indicator of whether it caﬁ%g%ﬁtﬁrﬂaﬁﬁgﬁ&ﬂ%%d fbrm[JIinons, particularly
those involving dough handling. The amount of water available for gelatinization is
indicated by water absorption capacity (Ohimain, 2014; Jacob and Leelavathi, 2007). Water

is a significant element of all foods. The interaction of water with other food constituents,
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particularly macromolecules such as proteins and polysaccharides, determines foods'
rheological and textural properties (Olliver et al., 2003). The physicochemical properties of
proteins are altered by water. Many functional properties of proteins rely on water-protein
interactions, including swelling, solubility, thickening, water-holding capacity, gelation, and
foaming. Flour has been shown to reduce hydration and air incorporation, resulting in denser
and less spongy products. The particle size distribution and milling quality of flour influence

its water absorption (Popov-Ralji¢ et al., 2013; Pasha et al., 2011).

Oil absorption indicates the behaviour of the food during processes such as baking, roasting,

and frying. If a food ingredient has a high oil absorption capacity, it will likely become

soggy and require a | imain, 2014; Pasha et

al., 2011). The abilit nt in food formulation
and sensory characte value of some flours'
oil absorption capa when used in food
preparations such as means lower flavor
retention, which coul en compared to flours
with superior binding )11).
Flavour, aroma, and of flour products and

significantly affect oducts (Ohimain,

|
2014; Jacob and 007). These sensory charact ‘ e food product are

influenced by the water and ﬂlg%ﬁbﬂﬂﬂ%%%r%sed to produce the products.
Products made with good oil absorption capacity are likely to have good flavour and aroma,
imparted by the relatively high fat absorbed into the product (Olliver et al., 2003). On the

other hand, water absorption tends to influence the volume of the product (Popov-Ralji¢ et
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al., 2013; Pasha et al., 2011). Therefore, water and oil absorption capacity and control

during processing are necessary to produce safe, high-quality, value-added products.

2.7.2.4 Pasting Properties

The pasting properties of flour reveal its starch structure. When starch granules are heated
above their gelatinization temperature in the presence of water, they absorb the water and
swell, increasing viscosity (Kareem et al., 2015; Saha et al., 2011; Spies, 1990). Swelling is
the arrangement of a three-dimensional framework (Tester and Morrison, 1990). In the
Brabender Viscoamylograph, the temperature at the commencement of this rise in viscosity

is known as the pasting temperature (PT). The paste's viscosity rises to the greatest number

of swollen-intact star considered a measure

of water-binding abi Swelling of granules,
accompanied by am burst after additional
heating, lowering th | shear stress during a
95 °C holding phase f starch granules and
amylose leaching. A ore or less aligned in
the direction of flow, n the sample is cooled
to 50 °C, the amy!los )sity until a gel forms,
which is known as & [ h the amylose chains'

retrogradation. A fi C ( > test, is also recorded

INTEGRI PROCEDAMUS I
Pasting properties are influenced by factors such as granule size distribution, granule volume
fraction, granule-granule interaction, and amylose content (Sindhuja et al., 2005; Singh et

al., 1993). Some cereal flours were classified into three groups (low, medium, and high
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amylose content) to investigate the relationship between their amylose content and pasting
properties. The temperatures at the onset, peak, and end of gelatinization were found to be
highly positively correlated with amylose levels. Compared to high amylose flours, low
amylose flours had a lower degree of retrogradation. Among the flours tested, low amylose
flours had the highest peak viscosity and breakdown, as well as the lowest setback and
pasting temperature (Kareem et al., 2015; Saha et al., 2011). Pasting properties are vital
parameters needed to decide the usefulness of starch in flour for certain products and
determine the types of starch sources for various purposes (Singh et al., 2008; Shahzadi,

2004).

2.7.2.5 Starch Charag
Some functional foo stry, including native
starches and altered and to give an end
product with a desire food item has its focal
points and drawback ers to attain the most
excellent in utilising nditions. Potato, corn,
wheat, rice, custard, rches. The starches are
handled utilizing ph a et al., 2001; Roger et
al., 1999). The starc ! ical characteristics, the
mineral substance
shapes and sizes are the ¢k “ristics é)f their botanical

root. The granuler;’rframe &t‘yrcg'ﬁgg*rma%w&ed to ov:af(Wuerurg, 1995;

Madsen and Christensen, 1996).

Five main modifications can be highlighted from the changes in native starches:

gelatinization, depolymerization, oxidation, stabilization (without cross-linking polymeric
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chains), and formation of cross-linked starches (Roger et al., 1999). Potato starch is one of
the common polysaccharides utilised as thickeners and stabilizers. Potato starch has been
broadly utilised in sausage due to its lower gelatinization temperature. Considering that
pasteurizing sausage takes place at lower temperatures (70-72°C), there is a chance that any
other type of starch granules would be incapable of gelatinating in such conditions (Buleon

et al., 1998).

Food product developers need to assess the type of starch to adopt appropriate technologies
to fully take advantage of those properties or make modifications, where necessary, to

achieve the desired product quality (Sarteshnizi et al., 2015).

2.7.2.6 Gel Propertie
A gel is an interme d a liquid. They are
characterised by a | mation is achieved by
setting a particular p Starch and protein gels
are commonly prepa ed Is dependent on the
molecular properties 2004). Least gelation
concentration (LGC) erties of flours. LGC is
a measure of the minin I require | ach volume of water. It

is qualitatively measur 1 as'th jon ich the gel does not

slide along test tub ‘ h inverted position (Moure et al§ :
INTEGR| PROCEDAMUS 1

Protein gels are highly hydrated systems containing up to 98% water. The stability of a gel
network against thermal and mechanical forces is dependent on the number of types of

cross-links formed (Adebowale and Lawal, 2004). A minimum protein concentration, known
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as the least concentration endpoint (LCE), is required to form a self-standing gel network.
Several intrinsic and extrinsic factors, such as temperature, pH, size, affect gel stability
(Saha et al., 2011; Sindhuja et al., 2005). Another critical factor is protein concentration.
The lower the least gelation concentration, the better the gelling ability of the proteins
because proteins gels have aggregates of denatured molecules (Moure et al., 2006;

Adebowale and Lawal, 2004).

Also, starch gels are formed by heating with water, causing the starch granules to swell. As
a result, the water is absorbed gradually and irreversibly. The reaction produces a gel, which

is utilised to provide a pleasant texture in sauces, puddings, creams, and other food products

(Kareem et al., 2015 I : 7 ) tarch gel system has a
fluid and translucent es them more suitably
for food systems in tein gels are primarily
opaque with low p food systems where

transparency is not re

2.7.2.7 Bulk Density

Bulk density indicat lour, in unit volume,

including intergranu aI in packaging and

transportation, and it i ahaetal., 2011).

I
suff|C|ent pressure

to pack the content in the cﬁnﬁgﬁﬁé Eﬁﬂiﬁmﬁﬁv&ume is a common method of

estimating the bulk density of flours (Sarteshnizi et al., 2015). A variety of factors influence

Placing a known q

the bulk density of flours. The amount of air entrapped in the flour particles, the overall

density of the particle, the air between the individual flour particles, and the particle size
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distribution are all examples of these factors (Aprianita et al., 2013). Flour's high bulk
density suggests that it is suitable for buttered and breaded foods and for use as a thickener
in food products. On the other hand, low bulk density would be advantageous in the
formulation of complementary foods because it helps to reduce paste thickness in food
systems, which is an important factor in convalescent and child feeding (Sarteshnizi et al.,

2015; Aprianita et al., 2013).

2.7.2.8 Swelling Power
Swelling power is the maximum increase in volume and weight that starch undergoes when

allowed to swell freely in the water when heated. The swelling capacity is a function of the

process conditions, (Kareem et al., 2015;

Saha et al., 2011; Sg teins contribute to the
development of this s corresponds to the
hydration of soluble he peptide chains. This
results in an increase operties of the protein.
The amount of water ultiple protein content
(dry weight). The sw emperature (Kareem et
al., 2015; Saha et al d the amount soluble
depends on the starch | es within the granules
of starch affect sw h.granules, with an

extensive and stro ' micellar structure, should ive more excellent

resistance to swe]Tiﬁg (And‘r’@!'-EE@ﬁ?@ﬂEﬁEﬁ"ﬁU?_- —
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2.7.2.9 Foaming Properties

Foaming properties are used as indices of whipping characteristics, which is an essential
quality in flours. The formation of foam involves the incorporation of air into an aqueous
phase. In the case of foam, water molecules surround air droplets (Andrés-Bello et al.,
2013). A protein that is utilised to form stable foam must rapidly diffuse to the interface and
unfold in such a manner as to lower the interfacial tension between the air and water phase.
Once the foam is formed, it has been observed that specific influences such as capillary
pressure (capillary drainage), gravitational force and mechanical disturbances (for example,
vibrations) decrease its stability. However, high surface viscosity and properties of

constituent proteins significantly promote foams' stability (Andrés-Bello et al., 2013).

Foam capacity and f re often determined in

food formulations. e ingredient for food
products intended an r example, good foam
volume and stabili of ‘akara’, as they
significantly influenc ceptability (Ikegwu et
al., 2010). The spong 5 s ed to high air oration during mixing.
The high foam capac ome ‘ma 2 S agents in food systems
such as ‘akara’ and ‘N ble high foam volumes
when whipped. Lo ostatic repulsions,
lesser solublllty, an

indicates hlghly hydrated %InE'G!\HJ ﬁ%ﬂﬁﬁﬁmﬁm& sablllty mlght be due to

denaturation (Ikegwu et al., 2010).

protein-protein interactions. A e for foam stability
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2.7.3 Water in Food (Water Activity aw)

An essential property of water in food processing is the water activity (aw) of food. Water
activity is the proportion of the vapour pressure of a food product to the vapour pressure of
pure water at the same temperature. The water activity of foods depicts the degree to which
the water is accessible to support the biochemical activities of microorganisms (Andrade et
al., 2011). Controlling water in food by drying, freezing, or adding sugar or salt is able to
preserve and control food quality and safety. Water activity levels of foods can predict the
stability and safety of food concerning microbial activity, biochemical reaction rates, and
physical properties. Hence, water activity is an essential property for food safety. Free water
in food molecules supports the growth of bacteria, yeasts, and moulds (fungi) (Andrade et

al., 2011). Figure 2. stability as a function

of water activity (aw)
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Water Activity - Stability Diagram

Non-PHF | PHF
<« >

h
\
‘o
\g W X
\"% 7 Browning \
VS,

Reactions \

Moisture Content
Relative Reaction Rate

Source: Andrade et a
Water’s ability to ac with increasing water
activity. Measuring

Jicting the types of

microorganisms that ion in the food. Water

equilibrium moisture content of )l)ibTog_iéal ﬁmeaeﬁd mainly on the temperature and
relative humidity of the species or variety of the product. The point at which a sample stops
absorbing moisture from or releasing moisture into the surrounding air is its equilibrium
moisture content. Physiological maturity and history of the product and how the equilibrium
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was obtained (absorption or desorption) influences the equilibrium moisture content

(Andrade et al., 2011).

2.7.3.1 Moisture Sorption Isotherm

A moisture sorption isotherm describes the relationship between water activity and the
equilibrium moisture content for a food product at constant pressure and temperature. The
moisture sorption isotherm of products provides vital data on storage stability and
extrapolation of shelf-life, indicating the humidity-water activity related to a given

temperature (Andrade et al., 2011).

Several models have e relationship between

the equilibrium mois the Brunauer-Emmett-
Teller (BET, 1938) 3 successfully to starchy
foods, including flour
The principal meth )ods are gravimetric,
manometric and hyg method exposes the
samples to atmosph d solutions of known

relative humidity. T S involving a series of
—

repetitive Weighini géndr de
AMUS

] e ——
2.7.3.2 Types of Sorption I%ﬁl‘T(:‘EE‘ﬁI F HDGED
All food materials have a unique shape of sorption isotherm at different temperatures. The
precise shape is based on the food item's physical structure and chemical composition and

the extent of water-binding within the food. The physical and chemical properties and
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sorption isotherm provide indices for food material characterisation and storage stability in
varying humidity conditions. The absorption of water can occupy one or several layers. The
best-known model for interpreting sorption isotherms is that of Brunauer et al. (1938) based
on multilayer absorption (Andrade et al., 2011). Five types of isotherms are described by

BET in figure 2.3 as follows:

>
2
>

Type3

oisture Content

oisture Content

Moisture Content

o Water Acti Water Activity

Moisture Content

Source: Andrade et al

Type 1is the We@g_ Langmuir fsotherm,
| ﬂ' =
gas by porous selids in fmﬁ-?& 5

for soluble products and shows an asymptotic trend as water activity tends towards 1. Type

lecular absorption of

ed by the monomaote

Sigmoid.isotherm, obtained
3, known as the Flory-Huggins isotherm, accounts for the adsorption of a solvent like
glycerol. Type 4 isotherm describes the adsorption by a swellable hydrophilic solid until
maximum hydration of sites is reached. Type 5 is the BET multilayer adsorption isotherm,
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observed for water vapour adsorption on charcoal and related to types 2 and 3 isotherms.
The two isotherms most frequently found for food products are Types 2 and 4 isotherms

(Andrade et al., 2011; Basu et al., 2006).

It is reported that BET is successful only in a water activity range below 0.5. Although its
applicable water activity range is small, it is still a helpful equation as it provides an
essential parameter of Mo. The goodness of fit of the data to the equation is evaluated by the
coefficient of determination (R?) criteria. It is well-known that the fit becomes better as the
coefficient of determination approaches 1. The smaller the standard errors or residuals, the

better the fit. (Andrade et al., 2011; Basu et al., 2006).

2.7.3.3 Models of Is
Several equations d able 5). However, no
one equation provid ater activities and all
types of foods. Some pased on theory. Table

2.5 shows some of t

INTEGR PROCEDAMUS
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Table 2.5: Some Isotherm Equations for Some Foods

Model Equation Foods

BET (1938) Aw/ [M(1-Aw)] =1/ MoC + [(C-1) / MoC]AW Cereals, fruits,
vegetables, starchy
foods

GAB (1983) M = [XmCK(Aw)] / [1-K(AwW)][1- K(Aw) + C(Aw)] Grains, dairy products,

nuts, fruits
OSWIN (1946) M= Afaw/ (1 —aw)]? Meat, vegetables,
starchy foods
SMITH (1947) M=A-BIn(1-Aw) Cereals, starchy foods,
7 : nut

HENDERSON 1 Spices, starchy foods

(1952)

Source: Basu et al., 2

2.7.3.3.1 BET Isothe
This model is wide 2 primary goal in the
explanation of multi Il. The BET isotherm
provides an estimatio ed on the surface. The
model equation gives : , ) perimentally for
biological matqﬁa 5t al., 2006). BET monolay

concernmg VaI’IO‘l‘;S aspects of |§@E'|Foﬂmﬂw§m

many foods has been reported to correspond with the physical and chemical stability of

IS la correct guide

=

ayer moisture content of

dehydrated foods. Determination of the monolayer value from the BET plot is the most

critical aspect of the equation since the optimum stability of the food product is at its
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monolayer coverage value, that is, moisture content of a product when the monolayer is
completed (Andrade et al., 2011; Basu et al., 2006). The BET equation is generally

expressed in the form:

1 c-1 1
= X —+——
V[i—] Ve By F.G
WP
or

Aw/[M(1-Aw)] = 1/MoC + [(C-1)/MoC] Aw
The general liner form of the BET equation is AW/[M(1-AW)] versus AW plot named as the
BET plot, where monolayer value Mo and constant C are evaluated from the plot and the

2011; Basu et al., 2006). Where M is the equilibrium

intercept of the line (Andrade et al.,
moisture content, M ater activity, and C is
the constant related stimated based on the

linearization of the e

2.7.3.3.2 GAB Isothe
The Guggenheim-A retical multimolecular
localized homogenec he most acceptable fit

model for numerous and is expressed as:

INTEGRI PROX Et:rmi.iﬁ
= [XmCK(AW)]/[l K(Aw)][i KA + C(Aw)]

Where Xm (Mo) is the GAB monolayer moisture, K and C are related to the temperature (C
and K are related to interaction energies). The GAB isotherm equation is an extension of the

two-parameter BET model, which considers the modified properties of the sorbate in the
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multilayer region and bulk liquid properties through the introduction of a third parameter K.
If K is less than unity, lower sorption that that demanded by BET model is predicted and
allows the GAB isotherm to be successful up to relative humidity of 0.90. When K is equal
to 1 and if K is greater than 1, the sorption becomes infinite at a relative humidity value less
than unity which is physically unsound. It has been suggested to be the most versatile

sorption model available in the literature (Andrade et al., 2011; Basu et al., 2006).

2.7.3.3.3 Oswin Isotherm Model
Oswin (1946) developed an empirical sorption isotherm model equation using a

mathematical expression. The Oswin model is a good fit model for the sorption of various

foods. The Oswin e xpansion for sigmoid

shaped curves, and it

Where M is the eq nts obtained from the

intercept and the slo 1 — aw)], respectively.
Oswin’s model equat s of starchy foods and
a relatively good fit for ve Lo frade et : Basu et al., 2006).

i Dq"E; - I
2.7.3.3.4 Smith tsother MMFEGHI Eh&EDﬁmﬁ_
This is an empirical model developed b-y SmitthQi?) txo ;xplain the final curved section of
water sorption isotherm of biopolymers with high molecular weight. It is reported that this
equation could be used between 0.5 and 0.95 relative humidity. The Smith model is
expressed as:
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Xe =a—b(n(1 —a))
or
M=A-B In(1 - Aw)
Where A and B are constants for the material, the A parameter represents moisture bound to
the surface, the quantity of water in the first sorbed fraction. The parameter B represents the
moisture in a unimolecular layer of typically condensed moisture, the quantity of water in

the multilayer moisture fraction (Andrade et al., 2011; Basu et al., 2006).

2.7.3.3.5 Henderson Isotherm Model

This model is also fa ing.v ivi c ater sorbed. The

Henderson model is ¢

Where Xe is the equ s. A linearized plot of

In(1 — aw) versus “this type of isotherm

(Andrade et al., 20

| - —_—
2.7.3.3.6 Monol%ﬁapagﬂrh%ﬁﬁ! P HEEIE'H?‘%-—

The measure of the sorption ability of starchy food is known as Monolayer moisture. It is the

minimum amount of water bound to active sites and guarantees the stability of powder and

flour during storage (Andrade et al., 2011; Basu et al., 2006). The prediction of Mo values is
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vital since the deterioration of foods is minimal below Mo. This is because water is firmly
bound to the food below Mo and is not involved in any deteriorative reaction either as a
solvent or as one of the substrates. The lower the monolayer moisture content, the more
stable the food ingredient were during storage under the right conditions (Andrade et al.,
2011; Basu et al., 2006). The higher the monolayer moisture content value, the less stable

the food ingredient is, hence highly susceptible to spoilage.

The moisture level considered safest regarding good storage stability of foods is between the
monolayer value and corresponding to a water activity of 0.60 — 0.64. Food product

deteriorative characteristics such as non-enzymatic browning, lipid oxidation, enzymatic

activity, loss of colo : ffected by high water
activity (Basu et al.,
Beyond 0.68 aw, wa ot affected by surface
forces. In the case of ding to water-activity
of 0.60-0.75, various . Among flours above
0.75 water-activity, ith a subsequent loss
in product quality ( lases, peroxidases, are
inactivated when the v v 0.90, bacterial growth
is practically negligi xceeds 0.70. It can be
therefore conclude : imi [ ood in Vlents is between 6-

13% for starchy foods and #6%5‘ EHEHE&QE%% to Water -activity of about

0.60, with the most stable region being 0.20 — 0.60 aw (Andrade et al., 2011; Basu et al.,

2006).
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Hence, sorption information is very useful in selecting suitable packages by carefully
selecting water-vapour barrier packaging material and are helpful guides for increasing the
shelf life by suitably reducing the equilibrium relative humidity of foods near to that

corresponding to the monomolecular moisture level.

2.7.3.3.7 Specific Surface Area for Adsorption
The monolayer moisture can approximate shelf stability and efficient energy use in the
drying process (Basu et al., 2006). The monolayer moisture contents can be used to define

the seeming sorption area (So, m?/g solid) using the following equation:

So = (1/Ms)No A Mo

Where Ms = relativi number (6.023 x107°

molecules/mol), A = , and Mo = monolayer

value (Andrade et al.

2.7.3.3.8 Heat of So
Heat sorption, entha lynamic factors drawn
from moisture sorpti eat of sorption gives
valuable data on the rption in food. Several

studies have reported at sorption for various

food ingredients ar sius Claypeyron

equation, it is freq e total heat f farm produce, as

well as the effects “of the fe%Ie%ﬁEiaﬁlﬂ@ﬁEM%water act|V|ty at a constant

amount of sorbed water (Andrade et al., 2011; Basu et al., 2006). The equation is expressed

in estimating

as follows:

dIna,,
a(1/T)

gst = -R
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Where gt is the isosteric heat of sorption (kJ/mol), R is the universal gas constant (8.314
kJ/mol K), aw is the water activity, and T is the absolute temperature, Kelvin (Andrade et al.,

2011; Basu et al., 2006).

2.8. Food Intolerance and Food Allergies

Physiological reactions toward certain foods are expected; however, most result from a food
intolerance rather than a food allergy (Singh et al., 2018). Even though a food intolerance
can cause some of the same signs and symptoms as a food allergy, the two are frequently
confused. A true food allergy triggers an immune response that affects multiple organs in the

body. It can result in allergic food reaction can be

severe or even fatal i 2 symptoms are usually

ing include examples
e Lactose intolera an enzyme required to
digest a food

nd diarrhoea are all

lit, canned goods, and

wine can cause a

e Stress or@g ical factor
EﬁﬁWﬁﬁ&“ﬁMf

e Furthermore, gluten intolerance is common in Celiac disease (Nindjin et al., 2011).

about food can

cause some.peo yunderstood
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2.8.1 Celiac disease

The current rapidly growing sector of the food industry is gluten-free baked products. These
pastry products do not only accommodate those with medical needs, such as celiac disease
and gluten intolerance, but they also provide for the millions of individuals who pursue
variety and a gluten-free diet (Aguilar et al., 2014; Ali et al., 2013). The confectionery
industry is increasingly paying attention to consumer needs for gluten free baked goods. The
sales of these products are on a steady upsurge (Alam et al., 2014). This may be due to the
increased reported cases of Coeliac disease and gluten intolerance (Singh et al., 2018;
Nindjin et al., 2011). Celiac disease is a digestive condition where a person has an adverse

reaction to gluten; the immune system mistakes the components of gluten as harmful to the

body and attacks the ! ‘intestines, interrupting

the body’s nutrient @ e system'’s reaction in
this manner is not e p and the environment
play a part in this dis an allergy triggered by

gluten (Singh et al.,

2.8.2 Wheat proteins
Gluten is made up ¢ he two proteins exist
together with starch a , such as barley and rye.
Gluten is an ins
chewiness to finishe oods constituents (M(l@i_e_t.i ' ) ; Spies,1990). It also
helps trap gas k;JbBles res‘tﬂfirgﬁﬁt‘tg ml&fh'g?gﬂrs in trTej leavened dough,
causing it to rise. During baking, gluten thickens, evening out the dough mixture and

contributes to overall crumb structure and volume (Singh et al., 2018; Nindjin et al., 2011).

Gluten is a vital functional component in baked foods. It enhances the dough's extensibility,
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mixing tolerance, and gas-holding ability, which impacts product structure and volume.
glutenin and gliadin (Ndife et al., 2011). Glutenin is a rough, rubbery mass when it absorbs
water, while gliadin forms a gelatinous, fluid mass when exposed to water. These make
gluten exhibit cohesive, elastic, and viscous properties, referred to as the gluten matrix, by
combining the characteristics of the two constituents (Mongi et al., 2011; Ndife et al., 2011).
The gluten matrix, enclosing the starch granules and fibre fragments, is a major determining
factor of the properties of dough (mixing tolerance, gas trapping ability, resistance to stretch,
extensibility). The main challenge to removing gluten from a traditional dough system is
changing from a plastic dough to a fluid dough. Resulting pastry foods are very different in
appearance, texture, and eating quality (Aguilar et al., 2014; Ali et al., 2013; Singh et al.,

2008).

Making gluten-free I grains like rice and

corn blended with s hese ingredients helps
recover some of the ¢ the gluten-containing
material, usually whe Alternative flours that
could be used in a ¢ rghum. Other binding
ingredients such as a eqg protein can help to
form the gluten-maf (Mongi et al., 2011).
Compared to traditi : “baked nd | relatively higher in

cost because of u : dients, such as egg protein;

(Aguilar et al., 2031217 Al et‘zﬁ,rm ﬁ HETGEE';"HHS- :
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2.8.3 Development of Gluten-free Products

The quality of pastry products depends on the rheological properties of the dough, which is
greatly influenced by the gluten matrix (Alam et al., 2014; Moore et al., 2006). The
influence of gluten on dough rheological properties relate to the strength of the dough, the
size and uniformity of the air cells within the dough, and the presence of a diverse matrix
within the dough, hence, exhibit a less homogeneous colour (Olaoye et al., 2006; Moore et
al., 2006). Dough from alternative flours produces more giant and less homogeneously sized
air cells, hence, exhibit more significant heterogeneity and yields a longer, chewy texture
(Ohimain et al., 2014). Therefore, a robust gluten matrix replacement system is critical to

developing the targeted pastry product similar to existing ones (Aguilar et al., 2014; Ali et

al., 2013; Moore et al :
The space that glute hole wheat bread also
requires compensati must ensure that the
volume and weight ed with a gluten-free
alternative ingredient ssential attribute of the
gluten-replacing con water management in
gluten dough. To pos ater activity must be

controlled. The shelf

conventional wheat produ and st conditions (Ali et
%J i |

al., 2013; Moore " . The deliberate addition of I ‘ to bind water and

manage water-activity relégdrgfﬁ£§ ﬂmﬁaﬂg@qa-senso&t characteristics of

common gluten-free ingredients usually do not result in a product that would be considered

acceptable relative to wheat products. However, the probability of achieving acceptable

sensory attributes of wheat products is far more remarkable due to advances in the
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development of alternative techniques and ingredients (Ohimain et al., 2014; Olaoye et al.,

2006; Moore et al., 2006).

Existing gluten-free foods are relatively low in quality, exhibiting poor sensory appeal
(flavour and texture) (Alam et al., 2014; Moore et al., 2006). To develop gluten-free bread,
one can choose from several alternative flours. However, the challenge in developing an
acceptable product depends on how the protein matrix can be mimicked by using alternative
sources of proteins, and the softness or/ and resilience can be obtained by using different
starches or gums (Han et al., 2021).

Replacing wheat flour is not easy, even though several alternative ingredients exist.

Depending on the na d error” can be used to

establish an acceptal llowing include some
ingredients that may

e Alternative ce > wheat flour

e Transglutami )tein cross-linking and

film-forming

e CMC (carbo Acellulose : ing and water binding

It has also been report transglutaminase can hel

improve the strl;tzre E)f 5ﬂt3n%ﬂr§5@%pa%%2%‘

efficiency of the enzyme is dependent both on the protein source and the level of enzyme

protein!matrix that will

-

Moore et al., 2006). The

concentration.
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Gluten in wheat bread is responsible for the elastic characteristics of the dough and its
baking capacity. Gluten forms a highly flexible viscossystem, stabilising and traping air to
give the desired porous structure typical of leavened bread. There are many alternative
gluten-free flours, however, few of them have the required properties for baking because
they lack the elastic rheological properties necessary for foam stabilization under ordinary
baking conditions. There is the need to produce gluten-free bread due to the demand by the
increasing number of people with celiac disease or gluten intolerance, as well as the high

cost of wheat importation in Africa.

The microstructure of gluten-free dough revealed that the amount of protein was insufficient

and trapped in the oh but 15% to 20 % was

needed to form a goc al., 2014). Good foam
formation was made hydrocolloids such as
beta-glucan rich bra pore et al. (2006) posit
that eating (tasting) hod to evaluate bread
quality, but this me bread quality, some
instruments or methg Some of these include
instrumental analyze age analyzers to assess

the crumb structure a

of the product can be evalua
é;

| EE W ;
~—1INTEGR| PROCEDAMUS T

compositional analysis

2.9 Sensory Characteristics of Bread
Sensory assessment systematically analyses food using the human senses of sight, smell,

taste, touch, and hearing. The qualities of food identified by the sense are called sensory
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attributes or characteristics. These include the foods appearance, taste, aroma, sound and feel
in the mouth (Stone et al., 2012; Macfie, 1989). Sensory attributes serve as a quality guide to
manufacturers for ensuring consistency in production. It is also a quality guide to the
consumer in selecting foods. Food processors measure these attributes to determine product
quality and consumer preference to manufacture an acceptable product at maximum
production economy. Sensory parameters are measured to determine food conformity with
established government or trade standards and food grades (Lawless and Heyman, 2010;

Stone et al., 1974).

Three standard methods have been employed to study the sensory characteristics of foods.

These include descrir i ‘e et al., 2012; Lawless

and Heyman, 2010). ollect data on likeness
or dislike of product ors have been used in
descriptive tests. U ity and developing a
method to carefully § Juantitative descriptive
analysis (QDA) have s part of research and

development process ).
2.10 Conclusion

Growing the world’ fon and food security in the

changing climaye, i in developing countries. Thi
increased utilisation of neéﬁcf&%eﬂﬂm%g%-

security in developing countries. Frafra potato is a locally cultivated climate-smart crop and

ted interest in the

ensure food and nutrition

may be used for flour and flour-based foods to lessen the over-dependence on wheat and

reduce the cost of importation of other wheat-based products. The crop is high in nutrients
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compared to other tubers (yam and sweet potato); however, it has not been characterised

extensively to unearth its full potential in food applications. It deteriorates rapidly after

harvest, and this discourages farmers from cultivating it on a large scale. Previous studies

by Osei Tutu et al. (2019) have investigated the feasibility of developing Frafra potato flour

to control post-harvest losses and formulate composite bread. Further studies must be

conducted to establish its potential as an ingredient in food formulations.
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CHAPTER THREE
3.0 PHYSICOCHEMICAL AND MICROSTRUCTURAL CHARACTERISTICS OF
FRAFRA POTATO STARCH

Abstract

Frafra potato (Solenostemon rotundifolius) is an underutilised climate-resilient tuber crop
commonly cultivated in the tropics. Different accessions have been identified and bred to
broaden its application in food. This study characterised the starches extracted from ten (10)
accessions, from Ghana (released) and Burkina Faso (unreleased), in terms of yield,
physicochemical, and microstructural characteristics. The starches did not differ

significantly (p < 0.05) in colour (L*=) and amount (35 to 39% dry matter basis).

Furthermore, there 5) among them in

amylose/amylopectin except for one of the
unreleased accession ler granule size. There
were, however, signi he starch gels, ranging
from 51 to 63% of t es of the starches. The
XRD and FTIR spec of tuber starches, with
relative crystallinities a potato cultivars were
clustered into two g a-Lana and Nutsugah)
clustering on thermal | 82, E111, E132, E134,

E145, Manga, Naa in temperature. The

variations in gran : thermal characteristics of |

cooking and textural proper‘t':gsToEﬁarl‘i_;i EBHEEEEE'EHHS- :

could impact the

KEYWORDS: Frafra potato, starch, thermal properties, SEM, X-ray diffraction

spectroscopy, FTIR spectroscopy

73



University of Ghana http://ugspace.ug.edu.gh

3.1 Introduction

Frafra potato (Solenostemon rotundifolius) is a neglected climate-smart crop cultivated in
parts of Africa and Asia. It is a valuable tuber crop mainly cultivated in Northern Ghana
(Sugri et al., 2013; Akanlu et al., 2005; Quainoo and Bayorbor, 2002; Tetteh and Guo,
1997). The crop has excellent potential for ameliorating malnutrition and enhancing food
and nutrition security in Ghana and other developing countries (Sugri et al., 2013; Akanlu et
al., 2005; Quainoo and Bayorbor, 2002). Although it has not been extensively explored in
industrial applications, it has the potential to act as a source of flour and starch (Osei Tutu et
al., 2019; Akanlu et al., 2005; Tetteh and Guo, 1997). It can be processed into flour or starch

and used as raw material in confectionery and pastry products (Osei Tutu et al., 2019; Tortoe

et al., 2018; Peroni e
Several new access d developed through
traditional and conte ansah, 2004; Quainoo
and Bayorbor, 2002 potato for food and
industrial applicatio heir starch, which are
affected mainly by t e molecular structure
(Tortoe et al., 2017; debowale et al., 2005;
Ratnayake and Jackst 1 ten (10) Frafra potato
accessions and determ ral characteristics for
food applications. : :
(=8
| L o P—
3.2 Materials and Methods " TEGH‘ P HE’GEDJ!'EHIS-- '
3.2.1 Source of Raw Materials
Approximately twenty-five (25) Kg each of ten (10) cultivars of Frafra potato (FP) were

obtained from the Council for Scientific and Industrial Research (CSIR), Savanna
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Agricultural Research Institute (SARI), Manga in the Upper East Region of Ghana. These
cultivars were WAAPP Piesa, Maa-Lana Piesa, Naachem-Tiir Piesa, Nutsugah Piesa, Manga
Moya Piesa (released cultivars from Ghana), E82, E111, E132, E134, E145 (unreleased
cultivars from Burkina Faso). The tubers were transported (about 8 hours) to the food
processing laboratory at CSIR-Food Research Institute, Accra, packed in perforated paper

cartons (aeration) for processing.

3.2.2 Isolation of Frafra Potato Starch (FPS)
The procedure of Gayin et al. (2016) was used for starch isolation with modifications. Frafra

potato tubers were washed in potable water, weighed, hand-peeled, washed, weighed, and

sliced into thin slice HC, Foshan Sorumpor

Electrical, Guangdo t low speed using a

laboratory-scale mill nada) with 1:2 w/v of
water for two minut e was wet-milled and
filtered thrice, and t e starch to settle. The
supernatant was dece d suspension in water
(12:2 v/v) followed b asdriedat35°Cina
mechanical dryer ( - Germany), packed in

high-density polyeth. ‘

QNS-3200HI”, h :

further tests. | .
] INTEGR| PROCEDAMUS I

pulse sealer (“Oalink-

5 °C + 0.53) for

3.2.3 Starch yield of Frafra Potato
The yield of FPS and the proportion of peels, moisture and fibre removed during processing

of the ten (10) varieties was estimated as a percentage of the unpeeled FP weight.
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3.2.4 Colour of FPS

According to Stevenson et al. (2007), the colour of FPS was determined using a
Chromameter (CR-400 Chroma Meter, Konica Minolta, Tokyo, Japan). The instrument was
calibrated against the standard white tile (L*0 = 98.93, a*0 = 0.31, and b*0 = 4.63) before
use. FPS samples were contained in a transparent petri dish and covered with the same. FPS
colour was also described using C+ (Chroma) and h* (Hue angle) notations. Paste Clarity
(PC) of FPS was determined as follows. Five millilitres (5 mL) of 1% starch suspension in
15 mL screw-capped centrifuge tubes were incubated in a boiling water bath for 30 minutes,
with continual shaking. The starch solutions were cooled to room temperature (25 °C +

0.53), and their transmittance (%) was measured against a water blank at 650 nm on a UV-

VIS spectrophotome :

3.2.5 Amylose/Amyl
The Amylose / A thod of Kowsik and
Mazumder (2018), ved in 9 mL of 90%
dimethyl sulfoxide (I (. The suspension was
heated in a water bat e solution was allowed
to cool to room temp twenty-five millilitres
in a volumetric flask. etted into a separate 100
mL standard flas JL 0 lowed by - -?f iodine solution
was added before maki to the mark with distilled w. ' .‘e result:ing solution was

,r-r ‘ —— = —— —f,_ e i ) "
homogenized, allowing for %E%ﬁﬁéoﬁ)ﬂ%%h‘ ye%m absorbance measurement
at 620 nm with a UV-VIS spectrophotometer (Shimadzu 1800, Tokyo, Japan). The total
amylose content of each sample was inferred from the absorbance recorded (AR). The

amylose content was calculated using the formula:
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Total amylose content (%) = 20 x 3.06 x (AR). Amylopectin was calculated as the

difference between the total amylose content and 100%.

3.2.6 Resistant Starch Determination of FPS

Total resistant starch was determined with a Megazyme-resistant starch assay kit following
the procedure established by the manufacturer. 50 g of samples were dissolved and
homogenized. Pancreatic a-amylase and amyloglucosidase were added and then incubated in
a water bath, shaking for 16 hours at thirty-seven degrees Celcius (37°C). In that time, non-

resistant starch was solubilized and hydrolysed to D-glucose by the combined action of the

two enzymes. The reaction was completed by adding an equal volume of ethanol, and the RS

was recovered as a rsed in 2M potassium

hydroxide by stirrin r. This solution was
neutralized with acet itatively hydrolysed to
glucose with amylog se oxidase/peroxidase

reagent, which was a ples.

3.2.7 Retrogradation
Retrogradation of FP kiel and Singh (2011).
A 12% suspension of | Water-bath, cooled to 50

°C, and kept at thi peratt €s Wa into test tubes and

kept at 4 °C. The retrog 7 B of pastes prepared from FP ' easured by determining
] INT - 'US M
the amount of water expelled du%ﬂaﬁﬂ%g#wﬁassyheresis. Retrogradation was

expressed as Syneresis (%) and was computed as follows:

weight of water expelled

Syneresis = x 100.

weight of sample
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3.2.8 Thermal Characteristics of FPS

Thermal characteristics (TC) of FPS were determined using a Thermogravimetric Analyzer
(TGA-DSC SDT Q600 V20.9 Build 20, TA Instruments, New Castle, DE USA) following
the procedure established by the manufacturer. 2.5 mg of FPS was weighed into an
aluminium pan, and double deionized water (7.5 puL) was added. The pan was hermetically
sealed and equilibrated at 25 °C + 0.53 for about one hour for moisture balance and then
heated at the rate of five degrees Celcius per minute from twenty-five to one hundred
degrees Celcius with a blank as reference. Thermal parameters such as onset (To), peak (Tp),
conclusion (T¢) temperatures, range of gelatinization temperature AT (AT = T¢ - To) and

enthalpy of gelatinization (AH) were recorded.

3.2.9 FTIR Spectros
FTIR Spectroscopy form Infrared (FTIR)
spectrometer (UAT 4) with a deuterated
triglycine sulfate dete manufacturer. Original
spectra were correcte rom 4000 to 500 cm?
before deconvolutio tware version 5. The
assumed line shape m™ and a resolution

enhancement factor o i by recording the height

tr.

of the absorbanc

| ﬂ'EL —
ooy TNTEGRI PROCEDAMUS T

3.2.10 XRD Spectroscopy of FP
XRD Spectroscopy of FPS was determined using an X-ray powder diffraction spectroscope

(Empyrean Series 2 XRD, Malvern Panalytical, United Kingdom). The starches were kept in

a desiccator where a saturated solution of NaCl maintained a constant relative humidity of
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75% for one week at 26 °C + 0.41. XRD recorded the X-ray diffraction spectra. The

diffraction angle and intensity measurements were recorded.

3.2.11 Scanning Electron Microscopy (SEM)

Granular morphology of FPS was characterised by SEM (Phenom ProX World Desktop
SEM + EDS, Thermo Fisher Scientific, USA) following the procedure established by the
manufacturer. Samples were first coated with gold dust (15nm) using Emitech K550X
Sputter Coater (Quorum Technologies Limited, Kent, UK). An accelerating voltage of 15
kilovolts was used for imaging at x2300 magnification. The average diameter of granules at

30 pm was reported

R” statistical software
for Windows pc version:4 ell Laboratories 4); and Duncan Multiple
Range Test (DMRT ficantly different (p <
0.05) means. Princip 8 for windows pc, was

used to cluster sampl hemical properties.
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3.3 Results and Discussion

3.3.1 Starch Content of Frafra Potato (FPS)

Starch extractability and proportion of peels, moisture and fibre removed from Frafra potato
tubers are summarized in figure 3.1.

=E82
50 - EE111
=E132
45 + =EE134
EE145
= Maa-Lana
= Manga
= Naachem-Tiir
= Nutsugah

40

35

30

= WAAPP
25
20
15
10
5 =
| =
0
Starch yield
icantly different (p < 0.05)
Figure 3.1: Starc s, and fibre from FP
The starch yield of t ere was no significant
difference (p < 0.05) 'stareh yicld ancg | rafra potato varieties.
However, there were sigr anging from 27% (E111) to
38% (E134) andl‘ (!uring processing

among the Frafra pota viﬂﬂlﬁﬁﬂidiﬁﬁmmr moisture content can be
attributed to varietal differences reported in similar root and tuber starch isolation studies
(Aprianita et al., 2013; Peroni et al., 2006). The starch content of the Frafra potatoes was

lower than that of some varieties of other root and tuber crops, such as sweet potato, which
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recorded starch yield ranging from 49 % to 77 % (Tortoe et al., 2017). As a source of starch
for food applications, the implications of a relatively lower starch yielding tuber are
unfavourable as it will mean a relatively higher cost of production (Aprianita et al., 2013;
Peroni et al., 2006).

Therefore, there is the need to enhance the starch content of Frafra potato accessions in
Ghana by developing cultivars with improved starch yielding qualities. Higher starch
yielding cultivars will help position Frafra potato as an affordable source of starch for food

applications in Ghana and Sub-Sahara Africa.
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3.3.2 Colour of FPS

The colour parameters of FPS is summarized in table 3.1

Table 3.1: Colour of FPS

Cultivar L* a* b* h* Cc* PC (%)
E 82 98.22 +0.11° 0.20 + 0.09? 1.18£0.122 80.38 + 0.08? 1.20£0.162 51.43 £ 0.12°
E111 98.32 £0.13? 1.24 £ 0.08? 52.77 +1.94°
E132 97.59 + 0.04? 1.40 £ 0.09? 57.73 + 0.58%
E134 96.90 + 0.09? 1.18 £0.122 58.57 + 0.47%
E145 97.86 + 0.122 1.25+0.18? 58.60 + 1.40%
Maa-Lana 98.11 + 0.05? 1.17£0.142 62.77 £ 1.94°
Manga 97.49 + 0.072 1.30 £0.08% 57.73 + 0.06%
Naachem-Tiir 97.48 £ 0.10? 1.27£0.152 58.77 + 0.64%
Nutsugah 98.14 + 0.09? 1.13+£0.122 57.13 + 0.55%
WAAPP 98.13 + 0.08? 1.19+0.18% 58.60 + 1.40%

minant colour), C* = Chroma (colour intensity), PC = Paste
cripts are significantly different (p < 0.05)”.

- lightness from dark, a* / -a*= redness / greenness, b*
clarlty “Values are means of triplicates with standard deV|at
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The L* values ranged between 97 to 98, indicating that the different cultivars' starches were
white (Table 3.1). Except for the paste clarity (PC), the starches had similar (p < 0.05) L*,
a*, b*, h*, and C*. They had a similar intensity of white colour when observed with naked
eyes. The differences observed in the PC properties of the FPS cultivars may be attributed to
variations in their carotenoid concentrations (Peroni et al., 2006). PC is an essential property
of starch gels, especially for food applications, and varies among different botanical sources
or cultivars (Tortoe et al., 2017). The results showed that the starch formed clear pastes
characteristic of starches from most root and tuber crops (Tortoe et al., 2017; Peroni et al.,
2006). Maa-Lana starch was the most transparent, with a transmittance of nearly 63 %,

whereas E82 was less transparent, with about 51 % transmittance. PC is particularly

beneficial in food sy ., 2017; Peroni et al.,

2006); hence FPS co cting the colour of the

food, such as in jelli
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3.3.3 Physicochemical Characteristics of FPS

The physicochemical properties of Frafra potato starches are summarized in table 3.2

Table 3.2: Physicochemical characteristics of FPS

Cultivar Aml (%) Amlp (%) RS (%) RC (%) GS (um)

E 82 16.3+1.13°  83.7+0.03%  17.4+145° 305%0.01* 11.5+1.74°
E111 16.2+1.34*  83.8+0.04%  17.4+110° 31.5+£0.71* 122+1.82%
E132 156 +1.14*°  844+0.03  215+125  31.5+0.01* 13.2+1.66
E134 17.0+0.03*  83.0+£0.05%  17.1+156° 325+0.71* 12.6+153%®
E145 17.0 +0.03? 83.0 £0.07° 18.4+1.67° 31.5+0.71* 12.4+1.98®
Maa-Lana 343+1.41° 12.1+1.85%
Manga 31.5+1.41° 124+167®
Naachem-Tiir 33.4+0.01* 12.6+1.92%
Nutsugah 33.3+£0.01* 13.4+1.317
WAAPP 33.5+1.41* 13.8+1.017

Aml = Amylose, Amlp
Granule size. Values are
superscripts are significa

rystallinity, GS = Starch
same column with different

There were no signif se/amylopectin content

J G EL . — |
cultivars, with the.relea dl“‘@&ﬁ?ﬁfﬁ%ﬁﬁﬂm@ _resistant starch (19 % to
21 %) relative to the E-group cultivars (17 % to 18 %) except for E132, which had the
highest (22 %) resistant starch. The granule sizes of FPS were significantly different,

ranging from 11.5 pum to 13.8 um; however, most cultivars had similar average granule

sizes. The similar granule sizes could be one of the reasons why FPS had similar paste
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clarity (Table 3.1) since granules of the same size under the same conditions have similar

transmittance, hence, similar paste clarity (Aprianita et al., 2013; Tattiyakul et al., 2007).

3.3.4 Syneresis % (Retrogradation) of FPS Gels
Retrogradation occurs when the amylose and amylopectin chains in cooked, gelatinized
starch realign themselves to a crystalline structure as the cooked starch cools (Ezekiel and

Singh, 2011). The syneresis % of FPS is summarized in table 3.3.

Table 3.3: Syneresis % of FPS Gels

Cultivar Day 2 Day 4 Day 6 Day 8 Day 10

E 82 4+028  248+0.2°
E111 1+01%  246+0.1°
E132 4+04° 26.5+0.2°
E134 1+04° 26.1+0.4°
E145 3+01°  26.3+0.1°
Maa-Lana 9+0.3% 256+0.2%
Manga 2+01* 26.0+£0.0%
Naachem-Tiir 1+04%  259+04%
Nutsugah 0+0.0* 26.2+0.12
WAAPP 5+0.2%  26.8+0.4°

“Values are means of trip
are significantly different (

The syneresis %@j the_ cooked

with different superscripts

e |ffer¢tFP H.ﬂa'?; comparable until

day 10 when mgm]lcanﬁfﬁﬁfﬁﬁ%e%mj'

cooked pastes from FPS increased progressively during storage, with cultivars recording

ole 3.3). The syneresis of

syneresis ranging from about 4% on day 2 to 27% by Day 10. FPS cultivars had similar
syneresis % till storage day 8; however, at storage day 10, cultivars E82, E111, Maa-Lana,

and Naachem-Tiir recorded significantly lower syneresis % (p < 0.05). It was observed that
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FPS cultivars containing large-sized starch granules, such as WAAPP, E132, and Nutsugah
(Table 3.2), showed higher syneresis values at day 10. In contrast, those containing small-
sized starch granules, such as E82 and E111 (Table 3.2), showed lower syneresis % at
storage day 10. The observed syneresis % of FPS shows that the retrogradation properties
are not different from starches from other tropical tubers such as cassava, sweet potato, and

yam (Tortoe et al., 2017).

3.3.5 Thermal Characteristics of FPS

The thermal characteristics of Frafra potato starch are summarized in table 3.4.

Table 3.4: Thermal

Cultivar To (°C) AHgel (J/9)

E 82 53.7 - 6+£0.] 6 +0.06°  11.3+0.04
E111 56.8 : )1 ( +0.09°  11.6+0.02%
E132 55.7 FO.010 BOTOT0. 4101 70045 11.8+0.05%
E134 56.5 : 67. +0.07°  11.5+0.03%®
E145 55.8 T . 94! £0.02°  11.240.08°
Maa-Lana 62.6 ; +0.01°¢  12.7+0.07
Manga 53.5 £0.06° __60:9: 0. 3 11840100 1240022
Naachem-Tiir  55.1 2 000" [166.32:0' £0.05°  12.6+0.06°
Nutsugah 61.8 2 \ 7 | 140,03 11.9+0.09%
WAAPP 53.4 = 0.018088 20+0.02%  12.8+0.01°

F 1
“To = onset tempers , ‘ ' , AT 2 m' temperature, AHgel =
standard deviation.'l;ﬂ_eans inithe s.eglf. Iumﬁ-\mmdlffm:ent-su

FPS showed similar thermal properties (Table 3.4). However, two cultivars (Maa-Lana and

perscrip sig 1ﬁcantly,ﬂ1fferent (p £0.05)”.
miu.i‘s

Nutsugah) had significantly higher (p < 0.05) onset, peak, and conclusion temperatures.

These are the temperatures at which starch granules absorb water and swell, resulting in
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increased viscosity, to the point where the number of swollen intact granules is maximum,
and the holding period at which usually leads to further disruption of granules and amylose
leaching, respectively. Also, WAAPP had a significantly higher (p < 0.05) gelatinization
range, and Nutsugah had the least. The released Frafra potato cultivars had significantly
higher (p < 0.05) enthalpies of gelatinization, except for Nutsugah, which was lower but
similar to that of the unreleased E-group cultivars. The thermal attributes of starch are
associated with several factors, such as the amylose/amylopectin content, granule size,
ultrastructure of the starch granules and proportion and kind of crystalline organization
(Gayin et al., 2016; Ezekiel and Singh, 2011; Peroni et al., 2006). In this study, FPS had
similar amylose content (Table 3.2), crystal type (Figure 3.2), relative crystallinity (Table

3.2) and granule morf le size distribution was

different (Table 3.2) haracteristics in FPS.

These parameters ar tinization reduces the
crystallinity of starc e amorphous content.
This causes visible ¢ f food systems (Gayin

et al., 2016; Ezekiel ¢

3.3.6 XRD Spectrosc
The importance of - cannot be overstated.
Polymorphism, I‘IIinl al getermin 'Ing XRD. These
parameters aid in contr e texture and stability of foo : .f varyin:g processing and

i ‘ — — ,f,_ i e
storage conditions. XRD hag?é%%ﬂﬂ;@gmgo ingredients such as starches

and fats. XRD enhances FTIR and differential scanning calorimetry (DSC) studies on starch

gelatinization in foods. XRD was used to characterise the X-ray diffraction pattern and

crystal type of the Frafra potato starches in figure 3.3.
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According to the XR eported, known as A-,

B- and C-type (Kows 2015). C-type starch is
a mixture of A- and d to Ca-type (closer to

A-type), C-type and

—

diffraction peaks at about 5° 26 (Kowsik-et &Iq’l%s‘-l-luang et aI 2015; Zhu et al., 2011).
The XRD patterns for FPS (Figure 3.2) showed strong diffraction peaks at about 15° and 23°
and an unresolved doublet at around 17° and 18° 26. The display of strong peaks at these

sites is characteristic of A-type allomorphs, implying that the FPS cultivars are A-type
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starches. The relative crystallinities of starches calculated from the ratio of diffraction peak
area and total diffraction area were given in Table 3.2. FPS cultivars had similar (p < 0.05)

relative crystallinity, typical of A-type starches (Huang et al., 2015).

3.3.7 FTIR Spectroscopy of FPS

FTIR spectroscopy is helpful in starch modification for detecting changes in molecular and
structural conformation (Kowsik et al., 2018; Gayin et al., 2016; Zhu et al., 2011). It may
also be used for ascertaining the quality of starch for use in culinary and pharmaceutical
purposes (Kowsik et al., 2018; Gayin et al., 2016; Zhu et al., 2011). The structural order of

the external regions of FPS was characterised by FTIR spectra in figure 3.3.
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Figure 3.3: FTIR spectra of FPS
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Based on figure 3.3, all FPS cultivars showed similar ordered structures in the outer granule
region. Even though FTIR is not able to differentiate starch crystal type, native starches with
the same crystal type always show a similar FTIR spectrum, the band at 1000/1022 cm-1 is
more pronounced in A-type starch than in B-type or C-type starches (Kowsik et al., 2018;
Gayin et al., 2016; Zhu et al., 2011; Peroni et al., 2006). This result confirms that FPS has

an A-type crystallinity.
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3.3.8 Scanning Electron Microscopy (SEM)

Micrographs of FPS were captured using a scanning electron microscope. This was done to determine the microstructure of FPS. Figure 3.4
shows the micrographs of FPS.

ﬁl g "‘

Manga (12.4@ Naachem B+ 1.92,.n)  NutStegal (13.4 + 1.31,m)

Figure 3.4: SEM strlﬁmﬁimﬁﬂﬂmm@rs (x2300 @ 15 kv)

Maa-Lana (12.1 £ 1.85.m)
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Micrographs of FPS granules (Figure 3.4) show that all the cultivars had loosely and densely
packed small and large granules. FPS cultivars primarily consisted of spherical granules with
smooth surfaces. Some oval shape types measuring nearly 14 um on their central axis and
damaged granules (WAAPP) and a few with faceted sides were observed in FPS. Other
partly truncated and semi-oval granules were also observed. Generally, the starch granules
were within the size range of small and medium (Seetharaman et al., 2010; Lindeboom et
al., 2004). Granule diameters ranging between about 12 to 14 um (mean 12.9 um) and 11 to
13 pum (mean 12.4 um) were, respectively, recorded for FPS from the released cultivars and
unreleased cultivars. The sizes, shapes, and surface features of FPS were typical of starches

from tropical tubers such as sweet potato, cassava, and cocoyam, which are characterised by

smooth spherical sur les, and granule sizes

ranging from about 1 al., 2016; Noda et al.,

2002).

3.3.9 Principal Comy
The Principal Compa ermine which features
significantly impacte starches from the ten
cultivars of Frafra ples based on their

physicochemical cha

2 dimensions (D@.
: E

1 Wrecn proceomms.
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3.4 Conclusion

Frafra potato starch was of the A-type, with similar amylose content and degree of

crystallinity. Starch granules from all ten cultivars were mainly spherical or oval-shaped,

with smooth surfaces. PCA grouped starches from the ten cultivars into two clusters defined

by their thermal properties and paste clarity. These characteristics provide essential

information for practical applications of the starches. They may also influence the advanced

selection of accessions of interest for developing suitable cultivars with higher starch yield

and cooking quality and specific end-use (baked foods, jellies, powder desserts, thickeners).
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CHAPTER FOUR
4.0 PHYSICOCHEMICAL AND RHEOLOGICAL CHARACTERISTICS OF
FRAFRA POTATO FLOUR
Abstract
The increasing effects of climate change on food security in developing countries such as
Ghana have necessitated evaluating hitherto underutilised climate-resilient crops for food
applications. This study processed ten (10) accessions of Frafra potato (FP) into flour (FPF),
and the flours were compared based on their physicochemical, functional, and rheological
properties to assess their suitability for food applications. Flour yield from the processing of
Frafra potato tubers into flour ranged from 59.3 (E134) to 69.3 % (E111). FPF had similar

colour but different (' ] nd Maa-Lana) to 8.6%

(WAAPP). Least gel 12% (E 82, 111, 132,

134, 145). The rele .05) protein and ash,
ranging from 5.1 to 8 unreleased accessions.
FPF had significantl g from 6.2 to 8.7 mg
with bioavailability a pavailability of 13.1 to
13.7% for calcium, 1 for zinc, and 334.4 to
451.9 mg with bioav. in A content was also

significantly differen

found in tuber crops (lipo

p
(Bowman-Birk PI%?’ ified (SDS-P
Nineteen (19) amino aci swgrgﬁaﬁiefaﬂﬂfﬁﬁﬁ&ﬂgﬁs in FPF, and out of these,

seven (7) were essential amino acids (Valine, Tryptophan, Threonine, Methionine, Lysine,

our proteins commonly

rotease inhibitors

GE) in FPF b molecular weight.

Isoleucine, and Histidine). FPF had similar bulk density (about 0.9 g/ml), oil and water

binding capacities (about 3 g/g and about 1.3 g/g respectively), pH (about 6.4) and titratable
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acidity (about 0.5). Flow behaviour of FPF indicated a standard non-Newtonian behaviour,
which is a pseudoplastic property of gels characterised by changes in viscosity owing to
changes in shear rate/stress. Sorption studies revealed that FPF had a maximum allowable
moisture content for safekeeping at 10% EMC at about 0.5 water activity. FPF has
characteristics that make it suitable for food applications and can promote efforts to address

food and nutrition security in Ghana and Sub-Sahara Africa by promoting its utilisation.

4.1 Introduction
Frafra potato (Solenostemon rotundifolius) is a root tuber crop grown in the tropics such as

Ghana. In Northern Ghana, Frafra potato is known by common names such as Piesa or Piera

(Sugri et al., 2013; p grown for domestic

consumption and co ally from October to
December (Sugri et The tubers are a rich

source of carbohydre erals such as iron and

calcium (Akanlu et a
There is evidence t environmental stress
‘The low utilisation of

conditions, yet it is

Frafra potato as a sta substitutes such as yam

(Dioscorea spp.) and swee et al.,, 2013, Tetteh and Guo,
%J i |

1997). Other reaso utilisation are the high post-| } ‘ s of about 40%, the

lack of appropriate preser%ﬂigrgﬁﬁbcﬁHmmggé-felative‘zo the other more

abundant tuber crops, and limited options for promoting utilisation (Sugri et al., 2013;

Nkansah, 2004; 2013; Tetteh and Guo, 1997). Frafra potato, if properly harnessed, can

contribute to local food and nutrition security (Sugri et al., 2013; Ezekiel and Singh, 2011;
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Nkansah, 2004). Considering, for example, that its short shelf life is a barrier to its
utilisation, a method for enhancing its uptake could be by processing the tubers into more
staple intermediary products such as flour which can then be used as an ingredient in a wide

range of food applications (Osei Tutu et al., 2019; Akanlu et al., 2005).

Several efforts are being made to combat the effects of climate change and achieve food
security. Prominent among them is recognition of the need to promote climate-resilient,
lesser-known crops through extensive characterisation to further expand the portfolio of
staple crops. Especially in developing countries (Alencar et al., 2017 and 2015; Marquezi et

al., 2016; Ohimain, 2014; Aprianita et al., 2013; Ikegwu et al., 2010; Maeshima et al.,

1985). Modest effor climate-resilient crop,

include studies by O ho have explored the
performance of flou stry products. Several

accessions of Frafra ifferences in cooking

quality and physicoc Khaniki et al., 2007;

Oladele and Aina, 20 2003).
There is the need to ¢ fato to understand their
physicochemical and’ |
Ugwu, 2009; Umez%lgi et aly
their suitability for :

ﬂ@@tlons and target specific acces
1 INTEGR| PROCEDAMUS I

senanayake et al., 2013;

systems.
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4.2 Materials and Methods

4.2.1 Source of Raw Materials

Twenty-five (25) kg each of ten (10) accessions of Frafra potato (FP) were obtained from the
Council for Scientific and Industrial Research (CSIR), Savanna Agricultural Research
Institute (SARI), Manga-Bawku in the Upper East Region of Ghana. The accessions
obtained include WAAPP Piesa, Maa-Lana Piesa, Naachem-Tiir Piesa, Nutsugah Piesa,
Manga Moya Piesa (released accessions from Ghana), E82, E111, E132, E134, E145
(unreleased accessions from Burkina Faso). The tubers were transported (about 8 hours) to
the food processing laboratory at Food Research Institute, Accra, packed in perforated paper

cartons (aeration) for processing.

4.2.2 Frafra Potato

The procedure descri potatoes were washed

with potable water, t into thin slices (five
millimetres thick) Sorumpor Electrical,
Guangdong, China) ium metabisulphite to
control browning. T d adhering water was
allowed to drain befa vere dried at 60 °C in a
thermostat-controlled. ‘ OLD, Sinsheim-Reihen,

Germany) for 12 e drie i aCircIe Pulverator,

e,

(American Standard Test Sleve 5‘@%@# aln. lgafra potato flours (FPF). The

flours were packed into high-density polyethylene (HDPE) bags, sealed airtight with an

Jacobson Machine WOF{C., Minneapolis USA) to_pa rough a 425 pm sieve

impulse sealer (“Oalink, QNS-3200HI, Accra, Ghana”) and kept for further tests.
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4.2.3 Physical Characteristics of FPF
4.2.3.1 Flour yield of Frafra Potato
The yield of FPF and the proportion of peels and moisture removed during processing of the

ten (10) accessions of FP was determined as a percentage of the unpeeled FP weight.

4.2.3.2 Determination of Colour Parameters of FPF

Using the method of Andrés-Bello et al. (2013), the colour parameters of FPF were
characterised by their paste clarity and colour. The Colour of FPF was measured using a
Minolta Chromameter (CR-400 Chroma Meter, Konica Minolta, Tokyo, Japan). The

instrument was calibrated against a standard white tile (L* = 98.93, a*= 0.31, and b* = 4.63)

before use. FPF sa and covered with the

same. FPF colour wa angle) notations. Paste
Clarity of FPF was d % flour suspension in
15 mL screw-capped r bath for 30 minutes,
with continual shak 0.53 °C, and their
transmittance (%) 0 nm on a UV-VIS

spectrophotometer (S

4.2.3.3 Determinatior |
According to Apri F was determined

using a Meinzef | shaker (Advantech Manufa 7 ., New Berlin, USA)

fitted with 100 pm - 50 d# &%ﬁ&é\ﬁﬁ&ﬂﬁﬁh&%& 100 g) of each flour was
shaken for about 20 min, with each fitted sieve, at a frequency of 50 Hz. After 20 min, the
particles kept by all the sieves were weighed. The weight obtained was calculated as a

proportion of the total sample used to determine the particle sizes distribution of the flours.
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4.2.4 Chemical Characteristics of FPF

4.2.4.1 Least Gelation Concentration (LGC)

Samples suspension of 2 to 12 % (w/v) were prepared in five millilitres of distilled water.
Test tubes containing the suspensions were heated for 1 h in boiling water (100 °C). They
were cooled afterwards under running water and then followed by rapid cooling in a
refrigerator (4 °C) overnight with tubes inverted. The least gelation concentration (LGC) was
measured when the samples in the inverted test tubes slipped along the tubes' walls. The

least gelation concentration of the flours was estimated following Adebowale et al. (2005).

4.2.4.2 Proximate Composition of FPF Samples

The proximate comp AC methods (AOAC,

2005). Components hod 948.22), protein
concentration (meth ibre (method 985.29)

were determined, anc etween the sum of the

other components anc = (4 x protein) + (4 x

carbohydrate) + (9 x
Using the methods ples were placed in a
e at 350 °C. In a 25 ml

previously weighed p

calibrated flask, th

trated nitric acid,
I

and diluted Wlth [ yjater. The solution was testeq J &) phosphorus and

calcium using an \ Afomic Aﬁorﬁﬁﬁﬁﬁﬂm&%%

Spectrophotometer, Tokyo, Japan).

7000 Atomlc Absorption
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Vitamin A composition was also determined according to Garai (2017) using a High-
Performance Liquid Chromatography (Shimadzu HPLC-2010HT, Tokyo, Japan). Five
grams (5 g) of samples were weighed into a 250 ml flask. Then 300 mg of ascorbic acid, 50
ml of ethanol (96 %), and 15 ml of 50 % potassium hydroxide were added. The samples
were rinsed from the flask with 50 ml ethanol into a 250 ml funnel, and then 120 ml water
was added, then extraction was made with 3x50 ml hexane. The hexane phase was washed
with water three times and was rotary evaporated at 50 °C and 260 mbar. The residue was
dissolved in 10 ml of methanol (HPLC purity). A reversed-phase liquid chromatography was
used with a diode array detector, pump degasser, Zorbax Eclipse XDB-C18 column (150 x

4.6 mm, 5 um), 95:5 methanol/water eluent, and a flow rate of 1 ml/min.

4.2.4.3 Bioavailabili
Following the meth pulverised FPF was
weighed in conical f genized. The solution
pH was brought to 2. ion for pepsin activity.
The enzyme was ado zyme per 100 grams.
The samples were t t thirty-seven degrees
Celcius. The pH was necessary, adjusted by
adding 6 M HCI. Aft 8 — 7.0 by adding 6%

NaHCOs solution was added at the

|
rate of 10 mL per e sample solution. The samr_)i ‘ ubated for 4 hours.

1

After which, the mlnerallsedf!atr%ﬁﬂ% &Hmam%for 30 min and decanted by

draining through medium-hardness filters. The filtrate was transferred into a borosilicate
glass flask and evaporated on an aluminium electric heating block. The samples were ashed

in a mixture of acids, as explained earlier. Bioavailability was expressed as a proportion of
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the total reference mineral in the samples. Bioavailability = X/Y x 100 %. Where Y is the

total content of the reference mineral and X is the reference mineral in the filtrate.

4.2.4.4 Protein profile of FPF

Protein profile was identified using sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE). One gram (1 g) of FPF was used in sample preparation.
Sample buffer and sodium dodecyl sulfate (SDS) were added to the samples and
homogenized in a vortex blender; Dithiothreitol (DTT) was added to the homogenized
samples and then centrifuged at 5000 g for 10 min. Two hundred microliters (200 puL) each

of the supernatant was pipetted into Eppendorf tubes. Fifty microliters (50 puL) sample

loading buffer was a 195 °C for 10 minutes.

Fifteen microliters ( he gel wells with five
microlitres of molec ich a staining solution
(Coomassie Brilliant 5 then added until the
background of the (e ar. The gel image was
captured using an | gdom). The molecular

weight, indicated by 0'to identryatk , t.

4.2.4.5 Amino Acids P

An improved anal rs rapid, accurate

|
n of amino acids in variou e used to quantify

amino acid concentration .%*!Iﬁﬁﬁ&ﬂﬁ@&&&%ﬁ PF was determined using

Liquid Chromatography/Mass Spectrometry (LC/MS).

determination an

A stock solution of 1000 pg/ml amino acid was prepared by dissolving 25 mg of FPF in 25

ml distilled water. Working standards were prepared by diluting the stock solution of amino
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acids to concentrations of 0.05 — 5.00 pug/ml with 0.2mM acetic acid, kept at 4 °C. FPF
samples were milled using a blender (IKA T 25 Digital Ultra-Turrax™ Immersion Blender,
Thermo Fisher Scientific, USA). The pH of each homogenized sample was measured before
sample preparation. Subsamples of the homogenate were stored at —20 °C in high-density
polyethylene bottles with plastic screw-capped lids. A finely homogenized sample (1 g) was
weighed [fresh weight (FW)] into a 10ml glass centrifuge tube with a cap. Ten millilitres (10
mL) of 0.2 mM acetic acid was added to the samples. After mixing in a vortex mixer for 2
min, the mixture was centrifuged at 5000 rpm for 10 min at 5 °C. The clear supernatant was
quantitatively transferred into a vial. It was filtered through a 0.45 um nylon syringe filter

before LC/MS analysis. Quality assurance measures were employed for amino acids, which

s spiked at 5, 10, 50

involved inclusion in.
mg/100 g and reagen able if spiked samples
indicated better than
An Agilent 1100 Se of a binary pump, an
autosampler, and a sed for the LC/MS
experiments, which or equipped with an
atmospheric  pressu he chromatographic
separations were car 00 mm x 2.1 mm, 3.5
m) column at 400 °C cid in a 0.2 % aqueous
solution of formic aci in SIM mode with
uliger pressure, 320

°C drying gas temperature 45?‘%%@.5[@@&.5&&@&1 % kV/ cabi‘ltljary voltage, 8 A

corona current, 55 V fragmentor voltage, and 27 msec dwell time.
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4.2.5 Functional Characteristics of FPF

4.2.5.1 Bulk Density

The flour bulk density was determined using the method described by Oladele and Aina
(2007). 50 g each of the flour samples were measured into one hundred millilitres measuring
cylinder. The measuring was tapped continuously on a laboratory table until a constant

volume was obtained. The bulk density was then calculated using the formula:

Weght of sample (g)
Volume of sample (ml)

Bulk density =

4.2.5.2 Water and Oil Absorption Capacity

The water and oil absrption capacities of FPF was determned by the method described by

Klunklin and Savage each flour were mixed

with 100 ml of distil a Limited, Ghana) in a

centrifuge tube and °C) for 1 hour. The
mixture was centrifuged Instruments, Mumbai,
India) at 2500 rpm fa e was weighed. Water
and oil absorption cz absorbed per gram of

sample.

4.2.5.3 Swelling Powe

The flour sampl@i_ng pOWe

described by Chinma et@lz - 1_g_of each ch_sample-was*V |
! E DAL

centrifuge tube. Distilled water was added to obtain a total volume of 40ml. The suspension

g the procedure
ghed into ‘a 50ml graduated
will then be stirred. The samples were heated at 85 °C in a thermostatically controlled bath
(Grant OLS 200, Grant Equipment, England) for 30 minutes while shaking continuously.

The tube was removed from the bath, wiped dry, cooled to room temperature (25 °C + 0.53),
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and centrifuged (Remi R23 Research Centrifuge, REMI Instruments, Mumbai, India) for 15
minutes at 2200 revolutions per minute. The supernatant was decanted and evaporated in a
hot air oven. The dried residue was weighed to determine the solubility (soluble matter)

using the formula:

. Weight of dried sample in supernatant
Solubility % = Zelghtor d P x100

Weight of original sample

The pastes obtained from decanting the supernatant were weighed to determine the swelling

power. The swelling power was calculated using the formula:

weight of paste
weight of dry flour

Swelling power =

4.2.5.4 Foaming Vo
The foaming volum method described by
Chinma et al. (2012 | distilled water for 5
minutes in a blender linder. Foam stability
was determined at O, he foam volume at 30
seconds after whippi foam volume after 60
minutes as the stabil and Foam stability are

given by the followi

. :,—_,._—a—’—"'?
INTEGRI PROCEDAMUS.
4.2.5.5 pH of FPF Samples o

The pH of FPF was determined using the method described by Oladele and Aina (2007).

Ten per cent (10%) suspension of each flour was prepared, and the pH of 10 ml of each
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solution was determined using a pH meter (Mettler Toledo S220-Kit, Benchtop pH/ISE

Meter, USA).

4256 TTA

TTA of FPF was determined using the method described by Oladele and Aina (2007). The
samples used for determining pH were also used to determine total titratable acidity. A few
drops of phenolphthalein indicator were added to the solution. Titration was carried out by
adding 0.1 M NaOH from a burette until a colour change to pink indicated the endpoint. The
volume of NaOH added was read from the burette and multiplied by 0.09 to obtain the %

titratable acidity as lactic acid (being the predominant acid).

4.2.5.7 Pasting prop
The pasting properti ibed by Klunklin and
Savage (2018). FPF 12% slurry, using a
Brabender (Viscogre 301, 803301E000-02,
Germany). This was ively: peak viscosity,
pasting temperature, inal), breakdown, and

setback.

4.2.5.8 Flow Behavi

018), the vi§ F'gels [12% flour
heated at 95 °C for 30 min MIMEHWWMﬁmom temperature (26 £1.3

°C)] was determined using a viscometer (Brookfield Engineering Labs Inc., Stoughton MA,

Using the metho : and Savage

USA) at different spindle speeds (5-30 rpm) using an RV spindle 2. Measurements were

taken in a 250 mL beaker, 2 min after the spindle was immersed in FPF gels. Viscosity data
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was recorded at 2 min intervals. This was done to allow thermal equilibrium between the test
sample and spindle and to eliminate the effect of immediate time dependence, as directed by
the manufacturer of the viscometer. The flow behaviour (n) and apparent viscosity (k) were

determined using the Herschel Buckley model.

4.2.5.9 Moisture Sorption Studies

The standard gravimetric method, as explained by Andrade et al. (2011) was used for the
equilibrium moisture studies. It consisted of moisture sorption measurements using six (6)
different concentrations of sulfuric acid (H2SO4) solution ranging through five, fifteen,

thirty-five, forty-five, fifty-five and sixty-five per cent to produce water activities (aw)

ranging from 0.1 t ly poured into glass

containers. The flour as used to support the
samples and inserted olution and kept in an
oven preset at 30 °C. enty-four hours using
an electronic weighi ss than 0.05% of the
sample weight. The otting the equilibrium
moisture content (E dry solids) against aw.
The EMC were calc ‘the moisture sorption

isotherms were determ

The data obtained were su‘nﬁgr Mﬁﬂﬂm&lﬁ%rﬂce (ANOVA) using “R”

statistical software for Windows pc version 4.1.1 (R Project, Bell Laboratories, USA) and
Duncan Multiple Range Test (DMRT) was performed to identify varieties with significantly

different (p < 0.05) means. Principal component analysis (PCA), in XLSTAT 2018 for

109



University of Ghana http://ugspace.ug.edu.gh

windows pc, was used to cluster samples with close associations based on their

physicochemical properties.

4.3 Results and Discussion

4.3.1 Flour Yield of Frafra Potato (FPF)

The flour yield of the ten accessions of Frafra potato tubers are summarized in Figure 4.1

80 r

70 | A

=)
S
W >

Percentage (%)
) w N
=) =) <)
T T

=
o
T

Moisture

icantly different (p < 0.05)

Figure 4.1: peels from FP

The flour Yield of the Fra % F| ure 4.1). There was a

significant diffei*r ).05) betwee e flour yield e among the FPF

e _— 3
@Imﬁtﬂﬁmﬁm peels ranging from 27%

(E111) - 38% (E134) and fibre ranging from 25% (Manga) - 31% (E111). The differences

] N
cultivars. However ther

observed in the flour yield and moisture content can be attributed to varietal differences

reported in other tuber crops flour studies (Tortoe et al., 2017; Ezekiel and Sing, 2011).
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However, the flour yield in these FPF cultivars is higher than flours from some potato
varieties, ranging from 37 to 49% (Ezekiel and Sing, 2011), and some varieties of cassava,
which ranged from 18 to 20 % (Dziedzoave et al., 2006). The yield of FPF provides
important information for the selection of indigenous tubers for flour production. It may also

influence the advanced selection of accessions of interest for developing suitable cultivars

for specific end-use.

4.3.2 Colour of FPF
The colour and optical properties of FPF are summarized in table 4.1

Table 4.1: Color parameters of FPF

Cultivar L

Cc* PC (%)
E 82 83.62 11.92+0.11* 6.27 £0.31°
E111 83.82 11.99+0.08% 6.20 £ 0.26°
E132 82.59 11.99+0.15* 5.43+0.12¢
E134 81.90 11.99 +0.02* 6.47 £ 0.06°
E145 82.86 12.08 £0.16* 5.20 +0.26¢
Maa-Lana 83.51 11.71+£0.05* 5.20+1.07¢
Manga 82.49 11.87+0.17%¢  7.73+0.06°
Naachem-Tiir 82.48 12.10+0.05* 8.43+0.12%
Nutsugah 83.54 11.96 £0.01°  7.47 £0.06°
WAAPP 83.53 12.14 £ 0.12* 8.60 + 1.402

“L* - lightness from dark, a
colour), C* = Chroma (colou
in the same column with different

A
Table 4.1 shows that theﬁues for the flours ranged, bet

2ss, h* = Hue angle (dominant
s with standard deviation. Means

out 82 tp 84 and indicate

that the flours from the different cul':i\za‘;1 ﬁg'!cégr%r than thé standard white (L* ~ 98).

Except for PC, the flours had similar (p < 0.05) L*, a*, b*, h* and C*. PC ranged from
about 5 to 9 %, with E145 and Maa-Lana having the least and WAAPP the highest. The

differences observed in the PC properties of the FPF cultivars may be attributed to variations
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in their carotenoid concentrations and varietal differences (Tortoe et al., 2017; Peroni et al.,
2006). PC is an essential property of flour gels, especially for culinary applications, and
differs amongst various botanic sources or cultivars (Tortoe et al., 2017). The results showed
that the flours formed opaque gels, which is not desirable in food systems that require high
transparency, such as jellies (Tortoe et al., 2017; Peroni et al., 2006). However, FPF could

be useful in food systems that do not require transparency, such as pastry products, soups

and stews (Peroni et al., 2006).

4.3.3 Particle Size Distribution of FPF

The particle size distribution of the flours from the ten (10) cultivars of Frafra potato is

summarized in figur

——E82
70 - o— - oE111
*---0E132
©o0E134
60 - & - —0E145
o—eMaa-lana
&---8Manga
50 o— —eNaachem-Tiir
o---eNutsugah
—8WAAPP
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T
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Figure 4.2: Particle size distribution of FPF
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Particle size is an important physical property of flour products. It is crucial because it
influences the texture and feel of food ingredients, appearance, viscosity, and bulk density
(Aprianita et al., 2013). The particles retained by each sieve differed significantly (p < 0.05)
(Figure 4.2). The flours had most of their particles below 100 um, where E134 had the
highest distribution (60 %) and Manga had the least distribution (39 %). A similar particle
size distribution was reported for regular wheat flour, with most of the particles below 100
pum, by Hareland (1994). There were fewer particles retained by sieve sizes 100 to 425 um,
respectively. In contrast, sieve size 500 um retained weights that ranged from 10.7 - 25.7%,
with Nutsugah having the least and Manga having the highest, respectively. The results

indicate that the flours have smaller particle sizes than larger sizes. Smaller particle sizes

suggest that more of milar to typical wheat

flour. Flour with ve volume (Marquezi et
al., 2016; Aprianita erms of packaging and
transportation. Also, ctional properties and
rate of chemical reac les sizes absorb more

water, have lower ge rquezi et al., 2016).

4.3.4 Least Gelation

The least solids conc tivars of Frafra potato

required to form @—g |
: -

& INTEGR PROCEDAMUS.
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Table 4.2: Least Gelation Concentration of FPF

Cultivar % wiv

2 4 6 8 10 12
E 82 - - - - - +
E111 - - - - - +
E132 - ~ - ~ - +
E134 - - - - - +
E145 - - - - — +
Maa-Lana - - - - + +
Manga - - - - + +
Naachem-Tiir +
Nutsugah +
WAAPP +

% wiv = percent solids,
- = gel suspension slippec

bes (for 24 hours, at 4 °C),

The results in Tabl ad the least gelation

concentration from entration (value). The
unreleased E-group 2. In a predominantly
starchy matrix such starch concentration,
water absorption capé al., 2012; Ikegwu et al.,
2010). Variationg n of FPF could
explain the sligflt differ | - Based on the results in table
4.3, it can be suggested that the released LHEH#/&FS had the least gelation concentration
because they had a higher protein concentration.This will impact the use of these varieties in

food sytems where viscosity is desired.
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4.3.5 Proximate Composition of FPF
The proximate composition of the flours from the ten (10) cultivars of Frafra potato is summarized in table 4.3.

Table 4.3: Proximate Composition of FPF (per 100 g)

Cultivar Moisture Fat Protein Ash Carbohydrate Dietary Fibre  Energy (kcal)
E 82 7.91+0.12% 1.69 +0.072 6.19 £ 0.43¢ 5.62 + 0.08" 81.26 + 0.262 3.24 £ 0.05% 380.97 + 0.092
E111 7.20 £ 0.09? 1.46 £ 0.042 6.88 + 0.08° 5.82 +0.01° 80.84 + 0.33? 3.07 £ 0.08? 379.02 £ 0.232
E132 7.88 +0.22% 1.40 £ 0.02% - 7 46 +0.152 3.95+0.11% 381.56 £ 0.032
E134 7.20 £ 0.09? 1.36 £0.01% .08 +0.212 2.55 + 0.65% 381.32£0.122
E145 7.53+0.19% 1.57£0.01% .72 +0.09? 3.26 £ 0.16% 381.93 +0.222
Maa-Lana 5.53 +0.28° 1.43+£0.02% 9.38 + 0.61° 3.05 + 0.05% 376.47 £ 0.25%
Manga 5.69 +0.28° 1.42 +0.05° 0.75 + 0.61° 3.43+0.05°  376.42+0.32°
Naachem-Tiir 5.48 + 0.16" 1.45+0.03% 0.23 + 0.54? 259 +0.78% 374.17 £0.012
Nutsugah 5.61+0.15° 1.48 £0.09% 9.15+ 0.43° 3.46 + 0.05% 376.52 £0.172
WAAPP 5.77 + 0.36" 1.44 £0.07% | 8.93+ 0.52° 3.49+0.13° 376.56 £ 0.142
Mean values (g/100g) of triplicates with standard devi@alues in the with different supe are significantly different (p < 0.05). The values were
reported as % dry matter, except for moisture content \{a -

T I—
. INTEGRI PROCEDAMUS.
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It is observed in Table 4.3 that there were significant differences (p < 0.05) in the moisture,
protein, and ash composition of the flours; however, there was no significant difference (p <
0.05) in the fat, dietary fibre, carbohydrate, and energy content of the flours. Moisture
content ranged from 6 to 8 %, and ash content ranged from 5 to 7 %. The released cultivars
recorded higher protein content from about 8 — 9%, while the unreleased E-group cultivars
had the least, ranging from 5 — 7%. This trend was observed for ash content as well. The
higher protein content of the released cultivars indicates relatively better performance in
food applications such as pastry (Senanayake et al., 2013; Ugwu, 2009; Maeshima and Ashi,
1985). Also, variations in the proximate composition have implications for functional

properties of the flours, such as pasting, least gelation concentration and viscosity (Aprianita

et al., 2013; Ezekiel ' ent could be useful in

The minerals and vita 0) cultivars of Frafra

potato are summarizec
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Table 4.4: Mineral and Vitamin A Composition of FPF (mg)

Cultivar Iron Calcium Zinc Phosphorus Vitamin A (1)
E 82 7.04+0.12* 4536 +0.01° 2.19+0.03* 451.90 +0.08° 3080.80 + 0.06°
E111 6.50 £0.89*  43.86 £ 0.01° 1.73+£0.88° 408.82+0.01®  3181.90 +0.03°
E132 7.10 +0.09° 48.70 + 0.02° 2.08+0.02° 393.11+0.01° 4948.43 £ 0.05?
E134 720 £0.06*  47.83+0.04° 489+0.51° 424.12+0.01° 3969.47 + 0.01°
E145 7.15+0.04° 34.41 +0.01° 2.22+0.13° 424.23+0.02° 4117.90 + 0.09°
Maa-Lana 8.70 £ 0.102 58.84 + 0.022 462+0.13* 413.42+0.01° 1403.53+ 0.01¢
Manga 7.05+0.18°  35.93+0.01° 2.94+0.03°  366.42£0.71° 808.63 + 0.06"
Naachem-Tiir 6.78+0.16°  46.66 £0.02®  2.78+0.03® 334.37+0.81° 736.86 + 0.049
Nutsugah 6.76+ 0 dedidats0.94° 1100.77 + 0.03¢
WAAPP 7.70+£0 895.13+ 0.02°

Values are means (mg or
different superscripts are s
The flours obtained '
vitamin A and mine
significantly higher v
cultivars were lower,
Lana, which had a sig

content ranged from 34

E145 and Manga@_he least. P
451 mg, except f‘(;:_I;82L ichr
e

was also simi

.7 . | -
| PEOCEBRRIGE"

in the same column with

erences (p < 0.05) in
-group cultivars had
whereas the released
milar except for Maa-
er cultivars. Calcium
- ‘aving the highest, and
ing from 334 to

. According to Nkansah

(2004) and Tortoe et al. (2017), differences in mineral and vitamin A composition could be

due to varietal differences.

117



University of Ghana http://ugspace.ug.edu.gh

4.3.7 Bioavailability of Minerals

Micronutrient deficiencies, especially in vulnerable groups, such as children and women of
reproductive age, are of great concern in developing countries (Sugri et al., 2013). This
makes the determination of the bioavailability of minerals in foods essential. Bioavailability
is a critical link between food ingredients and the nutritional effects of their proximate
composition (Skibniewska et al., 2002). Per cent bioavailability of the minerals in the flours

from the ten (10) cultivars of Frafra potato is summarized in table 4.5.

Table 4.5: Percent bioavailability of minerals

Cultivar Fe Ca Zn P

20.6 +0.142
20.2 £ 0.09?
20.1 +0.23*
20.1+0.18?
20.4 £ 0.40?
20.2 +0.412
20.3+0.42%
20.6 +0.432
20.4 +0.442
20.5+0.452

E 82 135
E111 13.6
E132 14.1
E134 14.3
E145 14.2
Maa-Lana 14.4
Manga 14.6
Naachem-Tiir ~ 14.5

Nutsugah 14.6
WAAPP 14.2

with the same superscripts

“Values are means and stal
are not significantly differen

There were no s@g_t differences between the per
minerals in the ten (10) FPF sam le4.Eé.—6he ' ‘JI ility
'ﬂ J%ﬁbf’ﬁ | Em%(g--

calcium was about 14%, zinc and phosphorus were about 20% and 21%, respectively. Since

of iron‘was about 15%,

these flours were made from a common tuber crop variety, it is practical for the flours to
exhibit similar chemical characteristics (Dziedzoave et al., 2006), including the

bioavailability of their minerals. The low bioavailability values for the minerals in FPF
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suggests that it can not be the only source of minerals in food applications; other mineral-
rich food ingredients should be added to ensure a greater likelihood of mineral

bioavailability.

4.3.8 Protein Profile of FPF

Protein profiling provides useful information on the types of proteins present in food
ingredients and their implications for their functionality and food applications. SDS-PAGE
was used for protein profiling of FPF. In SDS-PAGE, visible bands indicate different
proteins of different sizes. Even though the data is qualitative, the intensities of the bands are

indicative of the concentrations of the proteins present. The protein profile of FPF is

presented in figure 4. 7

Lipoxygenase

Patatin

Sporamin

PIs (Bowman-Birk)

MangEaMLN = Maa-Lana, NCT = Naachem-Tir, NP uts iaan, = WAAPP

'l T

Figure4.3: Eﬁﬁﬁﬁ@%@@@B%FPF :

Five visible bands with varying intensities were observed for FPF (figure 4.3). The bands

were similar in terms of their visibility and intensity, suggesting that all the FPF cultivars
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had similar proteins (Shewry, 2003; Maeshima et al., 1985). Based on the molecular weight
of these proteins, the corresponding proteins were identified. The proteins are Lipoxygenase,
Patatin, Sporamin, Bowman-Birk Inhibitors, and Tarin (Gitlin-Domagalska et al., 2020;
Pereira et al., 2018; Spelbrink et al., 2015; Shewry, 2003; Maeshima et al., 1985). The bands
for Sporamin were the deepest, and Patatin was the faintest. Amongst all the proteins,
Sporamin was observed to be the most abundant for all the cultivars. It is reported that
Lipoxygenase, Patatin, Sporamin and Tarin are globular proteins, hence are soluble in water
and will influence certain functional properties such as water solubility index, foaming
capacity, and gelation (Senanayake et al., 2013; Shewry, 2003; Maeshima et al., 1985).

Lipoxygenase is a protein known to cause enzymatic browning in foods; this can

significantly impact t e, there is the need to

use browning preven of tubers such as FP
that contain lipoxyg ing as an oxidative
improving agent (She enabled the isolation
of Patatin in native le for use in flavour
development in chees have antioxidant and
trypsin inhibitory ac ) have been studied
extensively to treat Gitlin-Domagalska et

al., 2020). Tarin exhib s and has antitumoral

properties (Pereira e;;., 18

| ﬂ'EL —
~——1INTEGR| PROCEDAMUS I
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4.3.9 Amino Acid Profile of FPF

Amino acids concentration was determined to identify the amino acids profile of FPF. The amino acid profile of the flours from the ten (10)

cultivars of Frafra potato is presented in Tables 4.6A and 4.6B.

Table 4.6A: Amino acid profile of FPF (ug/1009)

Cultivar ala asn asp his ile lys met

E 82 2.1+0.01f 0.4+0.01° 0.1+0.01° ND 1.0+0.022 1.0+0.01Y 0.5+0.01°
E111 18.4+0.02¢ 109+0.03® 158+ 47+£0.02¢° 21+£0.01* 41+0.02° 26=x0.03
E132 19.7+£0.03 95+0.01° 184+ 6.7+0.01° 18+0.022 4.8+0.03° 6.1+0.02*
E134 38.6+0.03" 87+003% 411+ 7.7+£0.02° 174003 43+002° 1.9+0.03¢
E145 14.1+0.02° 10.3+0.03* 36.7+0. 3.6+0.02" 12+003"> 4.0+0.01° 2.1+0.03
Maa-Lana 28.1+0.03° 123+0.01* 205+0 6.7+0.03° 14+0.01° 6.6+0.03* 3.4+0.02°
Manga 340+0.01° 124+0.022 1600 47+0.01° 17+002* 48+001° 26+0.03°
Naachem-Tiir  33.1+0.02° 8.2+ 0.02¢ 155+C 7.0+£0.03* 1.8+0.01* 49+0.03 3.3+0.01°
Nutsugah 28.8+0.01° 11.8+0.022 229+0 59+0.02¢ 1.6+0.03* 51+0.02® 23%0.01°
WAAPP 441+0.01* 81+0.01 36.2 + 0. . 8.1+0.03* 22+0.01* 6.2+0.03% 6.2+0.02?

“ala = DL-Alpha-Alanine, asn = Asparagine, asp =
Methionine, ND = Not detected. Essential amino acids detecte
of triplicates with standard deviation. Means in the samecolum w]ﬁ

acid, cys = C

i

istidine, Isoleucme Lysine, Me ionine

TECRT PHOCECRMIS

Iycir e, his = Histidine, ile = Isoleucine, lys = Lysine, met =
reonine, Tryptophan, Valine). Values are means (j1g/100g)
Jifferent(p < 0.05)”.
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Table 4.6B: Amino acid profile of FPF

Cultivar DL-p-P pro trx4-hy-pro ser D-thr L-thr tyr trp val

E 82 0.5+0.01° 0.9+£0.01° 1.1+0.01° 1.1+ 0.01f 0.9+£0.01° 0.6 £ 0.01? ND 330.7+£0.01° 0.8+ 0.01°
El11 4643+0.02° 1.7+0.03® 112.1+0.01° 6.1+ 0.03¢ 4.2 +0.02° 1.0+ 0.012 18.0 £ 0.03¢ 3594.5+0.02*2  28.1+0.01°
E132 4675+0.01° 25+0.02°¢ 148.8+0.03 6.5+ 0.01¢ 45 +0.01° 1.0+ 0.032 303.7 £ 0.02° 4012.2+0.03*  30.4 +£0.03?
E134 458.7 £0.01* 1.7+0.02° 110.7+0.01° 8.5%0.02° 4.8+0.01° 0.9 £ 0.01° 16.7 £ 0.03¢ 3297.8+0.03° 28.4+0.02°
E145 464.4+0.03" 1.8+0.01° 1118 +0.012 273.7+£0.01° 3351.1+0.03* 26.3+0.01°
Maa-Lana 635.7+0.01% 1.8+0.03" 1245 +0.03*  500.0+0.03* 3860.2+0.02*® 324+0.03
Manga 4842 +£0.02> 1.7+0.02®> 115.1 +0.03? 17.6 £ 0.02¢ 3580.1+0.01%  28.0+0.03°
Naachem-Tiir ~ 624.1+0.03* 1.6+0.01° 124.1 +0.032 29.6 +0.01¢ 3762.4+0.022  32.6 £0.03?
Nutsugah 4995+0.03" 1.7+£0.02° 1127 +0.012 297.8 £ 0.02° 3649.5+0.01*  26.1+0.02°
WAAPP 496.7+0.03*> 23+0.01* 1511 +0.022 20.3+0.01¢  4000.5+0.03* 31.0+0.01%

DL-B-P = DL-B-Phenylalanine, pro = D-Proline, trx4-hy-
Tryptophan, val = Valine, ND = Not detected. “Essential a
means (Jug/100g) of triplicates with standard deviation. Mea|

Table 4.6A and 4.6B show that about 19 amino acids

there were significant differences (p < 0.05) in t

id levels in

INTEGRI PROGEDAMUS

PF cultivars. | -

r = D-Threonine, L-thr = Threonine, tyr = Tyrosine, trp =
ne, Methionine, Threonine, Tryptophan, Valine). Values are
significantly different (p < 0.05)”.
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Seven (7) out of the nineteen (19) amino acids detected were essential amino acids. They are
Histidine (with concentrations ranging from about O to 8 pg/100g), Isoleucine (with
concentrations ranging from about 1 to 2.2 ug/100g), Lysine (with concentrations ranging
from about 1 to 7 pg/100g), Methionine (with concentrations ranging from about 1 to 6
1g/100g), Threonine (about 1 pg/100g), Tryptophan (with concentrations ranging from
about 331 to 4012 ug/100g), and Valine (with concentrations ranging from about 1 to 33
1g/100g). Quantification of amino acids in foods such as FPF is vital for food applications
because it plays a role in the nutritional value of foods and products for which it may be
used. Variations in amino acid concentration might be due to differences in protein

concentration and varietal differences. This is because protein composition and varietal

differences can give foods (Ozcan, and

Senyuva, 2006; Shew ultivars generally had
higher amino acids co in pastry applications
and other food syste ations (Alencar et al.,
2015) compared to the sential amino acids in
FP is not typical of t h great potential as a

noon-conventional foc breaded foods.

4.3.10 Functional Ch.

The functional ch ritl ' erstand.how: the flours would
be suitable for and per In food systems. The functionaf¥Characteristics of FPF are

e JHTE—GFHEFIEGEEEF‘JIE_-'

summarized in table 4.7.
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Cultivar BD (g/ml) SP (9/9) Sl (g/9) WB (g/9) OB (9/9) FC (ml) FS (ml) pH TTA (%)
E 82 09+0.1* 192+13* 87+04° 28+18 12+06*° 94+14% 47x12° 64%01* 05%0.6°
E111 09+02° 195+11* 88+07% 25+06° 1.3+05* 89+08' 43+11% 64+01* 04x16°
E132 09+02* 193+16° 86+04° 26+1.3° 14+14* 87+08" 43x13" 63x01*° 0406
E134 09+04° 21.4+01* 85+05° 3.0+£06° 12%07° 91+13% 452079 64+01° 0.4+0.6
E145 09+02° 21.0£01* 87+01° 3.0+£1.9° 11+1.8 92+14% 4615 64+01° 05+05
Maa-Lana 09+0.1* 222012 +16° 78+11° 6.4+0.1* 05%1.6
Manga 09+01°  22.0£0.1° +1.0° 66+£1.3° 63+01* 05+05°
Naachem-Tiir 0.9+0.1*  22.3+0.5 +13°  77+1.0° 64+01* 05+0.6°
Nutsugah 09+0.9 220+0.1° +13°  75+14> 64+01* 05+1.6°
WAAPP 08+02°  228+0.1° 7+12° 101+1.1* 64%01° 05+0.6°

BD = Bulk density, SP = Swelling power, “SI = Solubility
TTA = Total titratable acidity. Values are means of triplical

0.05)”.

Table 4.7 shows no significant differences (p < 0

titratable acidity of all the FPF cultivars. However,

ding capacity, FC = Foaming capacity, FS = Foam stability,
n with different superscripts are significantly different (p <

er, water and oil binding capacities, pH, and total

] — =
msﬁﬁ PROGEDAMUS I
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Solubility index is the per cent soluble solids, and it ranged from 6.7 — 8.5% for all FPF
cultivars (Table 4.7). According to Apea-Bah et al. (2011), solubility is essential, especially
in food systems, such as pastry, since flour with high solubility may give a soggy and less
cohesive dough. It is observed (Table 4.7) that the unreleased E-group cultivars had a
significantly higher solubility index compared to the released cultivars. This implies that in
baking applications such as bread making, the flours from the unreleased E-group cultivars
are more likely to perform poorly during the dough making stage. Variations in the
functional properties, in general, could be associated with the proximate composition of
FPF. WB capacities ranged from 2.5 to 3 g/g; whiles OB capacities ranged from 1.1 — 1.4

g/g for all FPF cultivars. Water and oil binding capacities are essential in food products'

textural and flavour ¢ o0 et al., 2013; Apea-

Bah et al., 2011). H ingredient in baking
applications, such as & 2rs to add water to the

dough, thus improvi g freshness in bread

(Alencar et al., 2015; i 1). Also, flours with

high WB capacities 3 porridge, soups, and
gravies (Chinma et 3 ctional ingredient in
porridges, soups, gra ent on the protein and
carbohydrate content ir ‘be the reason why the

released cultivars recorded highe ] 0 the unreleased E-

group cultivars (3.7 9. (
different resistant starch am#o!%ﬁﬂm%ﬂtuﬁeencentrauons their degree

of interaction with water and their conformational characteristics (Aprianita et al., 2013;

0.05). Functional characteris S are influenced by

Chinma et al., 2012; Apea-Bah et al., 2011). Hence the differences (p < 0.05) in the

functional properties of FPF could be due to their different resistant starch and protein
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concentrations. Based on the results (Table 4.7), FPF may be helpful in pastry applications,
and a thickener in liquid and semi-liquid foods since the flours can absorb water and swell

for improved consistency in these foods.

4.3.11 Pasting Properties of FPF
The pasting characteristics of Frafra potato flours were determined to record the indices

presented in Table 4.8 quantitatively.

Table 4.8: Pasting Characteristics of FPF

Cultivar Prime (MIN)  Premp (°C) PV (BU) BD (BU) SB (BU) FV (BU)

E 82 20.40+0.10°  78.30+0.10° 93.20+0.20° 6.01+£0.01* 19.10+ 0.01° 92.13+0.08?

E111 19.55+0.
E132 18.40 + 0.
E134 19.20 £ 0.
E145 18.50 £ 0.
Maa-Lana 17.55+1.
Manga 20.35 + 0.91¢
Naachem-Tiir 20.15+0.
Nutsugah 18.20+ 1.

WAAPP 19.10£0.

21.59+0.05% 98.40+0.45°
16.33+0.06° 84.20+0.24°
17.14+0.91¢ 89.60+0.07°
18.23+0.23° 84.50+0.16°
18.62+3.10° 94.70+1.85
18.20+£0.32° 95.03+0.14%
15.14£0.09" 93.21+0.06
17.83£2.949 84.90+1.91°
22.13+0.71* 85.05+0.02°

Ptemp. = Pasting temperat
Break Down; SB = Set E
column with different supe

= Final Viscosity; BD =
ation. Means in the same

From table 4.8, it is obs ces (p < 0.05) in all the
la FPF cultivars.

ectin-ratio and chemical

pasting property @iﬁe rdéd, except for the ing tem

Differences in pasting m«it%%ﬂﬁcﬁﬁ%ﬁrﬁm
composition of the flours (Andrés-BeII(; et al., 2613; A:pera-Bah et al., 2011. Variations in
most of the indices could be associated with the proximate composition of FPF (Chinma et
al., 2012; lkegwu et al., 2010). All the FPF cultivars had higher paste stability relative to

close alternative tuber crops such as cassava and sweet potato (Tortoe et al., 2017; Ikegwu et
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al., 2010). The released cultivars and E132 had a relatively lower breakdown. The released
cultivars formed more stable gels than the unreleased E-group cultivars (Table 4.2); this
could explain why they have a somewhat lower breakdown. Higher setback values show a
higher tendency to retrograde and vice versa (Aprianita et al., 2013; Chinma et al., 2012).
The tendency of flour pastes to retrograde was highest in WAAPP, followed by E111.
Therefore, pastry, such as bread, made from these cultivars is likely to stale faster than bread

made from the other cultivars such as Naachem-Tiir and E132.

4.3.12 Flow Behaviour of Cooked FPF Slurry

The flow behaviour of FPF was determined to understand how cooked slurries from flour

made using the diffe summarize the flow

behaviour and the ap

300 - ——F32

—e—E111
—e—E132
—o—E134
—e—E145

—e—Maa-Lana

250 A

1 —e—Manga
200 + —e—Naachem-Tiir
—e—Nutsugah

——WAAPP

Viscosity (cP)

150 A

100 A

Shear rate /s

Figure 4.4: Viscosity profile of gels from FPF
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From figure 4.4, the gels showed a typical non-Newtonian, shear-thinning (or pseudoplastic)

behaviour, characterised by a reduction in apparent viscosity with increasing shear rate

(Mrokowska and Krzton-Maziopa, 2019). Gels made from the released cultivars were

significantly (p < 0.05) more viscous than the unreleased E-group cultivars. For instance, at

the lowest shear rate, a viscosity range of 239 - 273 cP and 24 - 109 cP was recorded

correspondingly to gels from the released and unreleased E-group cultivars, respectively.

The proximate composition and least gel concentration of flours impact the flow behaviour

of slurries made from them (Chinma et al., 2012; Ikegwu et al., 2010; Peroni et al., 2006).

Hence the variations in the apparent viscosity of FPF gels could be due to the variations

observed in their proximate composition and least gelation concentrations of the FPF

cultivars.

Table 4.9: Viscosity

Cultivars

E82

E111

E132

E134

E145

Maa-Lana

Manga | TZSREORO 023000 [ |
Naachem-Tiir iz 2.5 i‘f)'loEEGHi |E E@EW_E- |
Nutsugah 2.58 £ 0.00? 0.20 £ 0.00 0.997
WAAPP 2.58 £ 0.00? 0.23+0.00 0.996

n (power-law) = flow behaviour index, K = consistency index, R? = Coefficient. “Means with the same
superscripts in the column are statistically indifferent (p < 0.05)”.
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The ‘n’ values suggest whether fluids have a Newtonian or non-Newtonian behaviour.
Newtonian fluids have been shown to have n = 1, while non-Newtonian fluids have values
below 1 (George and Qureshi, 2013). The results (Table 4.9) implies that all the FPF
cultivars had ‘n’ values less than 1, confirming that they exhibited a non-Newtonian shear-
thinning fluid characteristic. Table 4.9 shows that all the FPF gels had a similar consistency
index (K) (p < 0.05). This also indicates the mixing tolerance (Alencar et al., 2015; George

and Qureshi, 2013) of FPF flours in culinary applications such as pastry and porridge.

4.3.13 Moisture Sorption Behaviour of FPF (Isotherms)

The sorption behaviour of FPF is summarized in figure 4.5 and table 4.10. From the figure,

it is observed that all t d curve as expected of

dried food ingredie 32 had the highest
equilibrium moisture examined (p < 0.05).
This indicates that flot adsorb moisture under
constant pressure. It j EMC and aw of about
0.5, the flours begin tc re and pressure. This
implies that all the fl ent for safekeeping at

10%, beyond which t

Ji TEGFH FHGGEDME
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Table 4.10: Constants and results obtained from isotherm models for FPF

Cultivar BET GAB Oswin Henderson Smith
Mo C R? RMSE Mo K C R? RMSE A B R? RMSE A B T R? RMSE A B R? RMSE

E82 431 019 887 057 326 082 014 896 051 01 048 947 030 005 016 0.16 836 075 0.78 3.02 90.8 0.67
E111 3.08 0.07 875 059 282 015 0.18 862 072 018 047 930 040 005 0.16 0.16 839 074 069 210 988 0.03
E132 435 0.08 902 043 201 091 013 874 076 020 045 962 021 006 0.16 0.16 848 058 083 2.02 912 0.36
E134 6.67 005 931 022 731 047 015 852 080 020 057 970 010 0.06 0.16 0.16 874 060 091 214 982 0.04
E145 540 043 912 031 827 0.85 0.16 0.16 86.8 0.62 0.81 233 96.7 0.22
Maa-Lana 10.6 0.04 933 0.22 837 0.37 0.16 0.16 844 0.67 0.90 172 99.1 0.03
Manga 396 009 879 059 362 0.12 015 015 826 114 0.73 201 888 0.55
Naachem- 371 0.09 899 048 216 0.99 0.16 0.15 855 093 0.66 2.01 908 0.44
Tiir

Nutsugah  6.60 056 904 032 7.67 0.76 O. 0.16 0.16 843 070 085 1.73 971 0.10
WAAPP 415 0.08 908 042 212 097 0. 06 016 0.16 862 057 072 198 928 0.33

R2 = Coefficient of regression, RMSE = Root mean square
and B” = Henderson and Smith constants.

L

INTEGAI PROGEDAMUS.

00g solid), C = BET constant, G and K = GAB constants, A
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Several models are used to explain the moisture sorption characteristics of foods. The
popular models are the BET, GAB, Oswin, Henderson, and Smith models (Andrade et al.,
2011). This study fitted the data into the five models, as shown in Table 4.10. The goodness
of fit of the models (as indicated by the R?> and RMSE values) varied for all the FPF
cultivars. The Oswin model was the best fit for the majority of FPF cultivars (WAAPP,
Maa-Lana, Naachem-Tiir, Nutsugah, Manga, E82, E132 and E145), this is because the
model had higher R? values (93.6 — 99.1%) with lower residuals (RMSE ranged between
0.03 — 0.39), which implies it can explain about 94 to 99% of the variability in the sorption
behaviour of those flours. However, the Smith model was the best fit for E111 and E134. It

had higher R? values (98.8% and 98.2%, respectively) with very low residuals (0.03 and

0.04, respectively). : - the highest monolayer

moisture content of ency while in storage

under standard condi r cultivars.

4.3.13 Principal Co
The Principal Compa ermine which features
significantly impacte flours from the ten
cultivars of Frafra p psitioning the ten FPF

cultivars based on th.

was explained it D

Figure 4.6. i B -
] INTEGR| PROCEDAMUS I

the variance (81.13%)

4%) as shown in
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. DLBP .

\\W

2 I —Naachem-Tiir

FC

3 4

From figure 4.6, P of FPF into two main

groups, with the rele -group cultivars in the
other group. The rele y their protein, lysine,
glutamine and DL acity, foam stability,
solubility, pasting ti characterised by their
vitamin A, tryptophan,

and equilibrium r

Savage (2018) a!n.d Dzie ZWW ara

differences in flours. They are also | important factors conSIdered in flour selection for food

applications.
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4.4 Conclusion

Flour yield from the Frafra potatoes ranged between 59 — 70%, with no apparent difference
between the released and most of the unreleased E group cultivars, except E134.
Compositional analyses showed differences in FP flours' protein, ash, fibre, and elemental
composition from the ten cultivars. The released FP had higher protein and ash
concentrations than the unreleased E group cultivars. Protein profile analysis revealed the
dominance of three major storage proteins (patatin, sporamin, and tarin) and two others
(Lipoxygenase and BBIs). Amino acid analyses showed nineteen (19) amino acids in the FP
flours, out of which seven (7) were essential. Marked differences were observed in the

rheological properties of slurries made from the flours, with Manga being the most stable

and WAAPP exhibiti' i ‘ the released cultivars

relatively were more urs from the released

and the unreleased E from the ten cultivars

of Frafra potato prov. ns of the flours. They

can also be used fo st to develop suitable

cultivars for specific
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CHAPTER FIVE
5.0 PHYSICOCHEMICAL AND MICROSTRUCTURAL CHARACTERISTICS OF
GLUTEN-FREE FRAFRA POTATO BREAD
Abstract
The rising incidences of celiac disease, an intolerance to gluten in wheat and related
products have created the need to explore ingredients and processes for developing gluten-
free flour and products. Frafra potato flour has been characterised to have fine particle size
distribution and relatively high amounts of protein and could serve as a candidate for gluten-
free ingredients. This study examined the performance of Frafra potato flour in the

production of bread with the aid of dough conditioners (egg, gelatin, and egg-gelatin powder

combination) followrﬁ hat FPB made with a

single conditioner h low stability, mixing
tolerance and cooki and gelatin as dough

conditioners followe ing agent effectively

improved the dough our. SEM revealed the

improved network FPB (B11 - B15),
comparable to WTB. ead is achievable with
combined dough con i y and-gela owde g ransglutaminase.

Keywords: Frafra

)
5.1 Introduc%

Consumption of baked prod’%lg %agé W&H%Mf al., 2015 Alencar et al.,

2017; Jahed Khaniki et al., 2007). Among bakery products, bread is the most consumed, and

ough conditioner.

it is traditionally prepared with hard wheat flour as the major ingredient(Aguilar et al., 2017,

Komlaga et al., 2012; Laureati et al., 2012). Wheat is essential in bread production because
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of its exceptional characteristics that impact the sensory attributes of bread, which is greatly
appreciated by consumers (Pertuzatti et al., 2015; Nindjin et al., 2011; Aboaba and
Obakpolor, 2010). However, wheat is an expensive ingredient, especially in the tropics
where it is imported (Dankwa and Peprah, 2019; Pasha et al., 2011; Quainoo and Bayorbor,
2002). Furthermore, a rising number of consumers are beginning to show conditions of
celiac disease, an intolerance to gluten, which is a major protein formed from flour of many
kinds of cereal, especially wheat, rye and related cereals, during dough formation. This
situation has created the need to explore ingredients and processes for the development of
gluten-free flour and products (Ohimain, 2014; Nkansah, 2004).

Gluten-free pastry products have been developed using flour from tuber crops with the help

of dough conditione'ﬁ | quality of the baked

products (Cauvain, Ip to improve dough

handling properties, n and improving the
volume of bread, cr ng the onset of staling
(Cauvain, 2015; Popc fferent types of dough
conditioners for gl Sy With eren ics. Some such as
transglutaminase se inute concentrations.
Others, such as egg a SFDA, 2014; Williams

and Pullen, 2007).

Frafra potato [s silient and Underutilised rg@ ) ovE/n for domestic
consumption. Frz;lrfrg potato‘ﬁ%&%ﬁﬂ—grﬁﬂﬁ@gm%emaﬂve t‘(‘)jjwheat flour (Osei
Tutu et al., 2019; Sugri et al., 2013; Akanlu et al., 2005). This study explored the potential
of Frafra potato flour as an ingredient for gluten-free flour for the production of consumer

acceptable bread with the aid of dough conditioners.
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5.2 Materials and Methods

5.2.1 Source of Raw Materials

Five accessions of flour (FPF) were selected, based on their availability, to produce gluten-
free bread FPB. The released accessions are availably accessible to consumers; however, the
unreleased accessions are only for evaluation purposes. The selected accessions include
Maa-Lana Piesa, Manga Moya Piesa, Naachem-Tiir Piesa, Nutsugah Piesa and WAAPP
Piesa are released accessions of Frafra potato. Commercially produced pastry dough
conditioners, Egg and Gelatin powders, and Transglutaminase (TGase, 94 100 U/g) (Yiming
Biologicals Company Limited, Jiangsu, China) were obtained from local suppliers.

Analytical grade chemicals and distilled water were also used.

5.2.2 Bread Prepara
Based on the design ree bread (GFB) from
each of the 5 FP of the three dough
conditioners and the ‘ ross-linking catalyst to
mimic the characteri ical wheat bread. The
recipe used followed ients being margarine,

baker’s yeast, and po

Expeﬁlnintiil dﬁi E's i

Figure 5.1: Experimental design for gluten-free bread production
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Table 5.1: Proportion by weight of ingredients for GFB

Ingredients Baker's Percentage
Flour 100

Water 43.6
Margarine 16.6

Yeast 0.6

Egg powder 8

Gelatin powder 8
Transglutaminase 1.2

Bread samples were produced based on figure 5.1 and table 5.1, and designated based on the
type of dough conditioner used as follows: Samples made using egg powder only were
designated as B1 to B5, gelatin powder only samples were B6 to B10, and samples made

using egg-gelatin powder were B11 — B15. These were compared to wheat bread.

5.2.2.1 Characteristi
According to Han et employing a Mixolab
rheometer (Chopin (Chopin Applications
Laboratory, July 2009 acturer’s procedure with
modifications using t oportion of ingredients
in Table 5.2, except d premixed for 1 min.
Thereafter, a prescri in forty microlitres of
distilled water and th ‘n unit of the rheometer

was filled with distilled’

then topped up t@gfore fhe comme T :
| ﬂ =1 . _— i
of water absorbed durir qwq@gﬂ?‘pﬂﬁﬁﬁmge the time required for all

the compounds to be hydrated to form a dougﬁ),'dou:gr; stability (time for which dough
rheology remains constant during mixing after development and before breaking down), and

mixing tolerance (rate of breakdown after development) were recorded.
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5.2.2.2 Bread Baking Capacity

Baking capacity was determined according to Cauvain’s (2015) method. To form a dough, a
prescribed amount of TGase (1.2%) was dispersed in 40 ml of water and then mixed with the
ingredients for about 10 min. The proportion of ingredients in Table 5.1 were mixed for 5
min in a mixer. The doughs were rounded, covered with wrap film, and allowed to rest at
forty degrees Celsius for two hours. This allowed the dough to undergo adequate protein
crosslinking to mimic the gluten-like matrix in wheat dough. The rested dough was cut into
100 g pieces, rounded, and proofed at 30 °C for 60 min. The bread was baked in an electric
oven at 180 °C for 30 min, thereafter, allowed to cool to about 25 * 0.46 °C, then wrapped

and stored in plastic bags.

5.2.3 Weight of Bre

The weight of bread ital Scale, Burnsville,

USA).

5.2.4 Baking Loss
The baking loss was uvain (2015). Loss in
weight of bread after t of dough before and

after baking. This was

5.2.5 Volume of Bread fa. 7 .I,E
e,
- AI#.I
Bread volume (VB) was determma R/F‘%I%ng ~the rapeseed replacement method

according to the procedure of AACC (2000). Millet was used in place of rapeseeds. The
loaves were put in a container of known volume (VN). The basin was filled to the top with

millet, the bread was removed, and the volume of the millet (VM) was measured with a
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measuring cylinder. The bread volume was calculated as VB (cm®) = VN — VM; Specific

volume (SV) was expressed as SV (cm®g) = VILW

5.2.6 Density of Bread
The density of bread (DB) was calculated using the weight (WB) and volume fo bread with
the formula:

DB (g/cm®) = WB/VB

5.2.7 Colour Analysis of Bread

The Colour of the bread crumb and the crust was determined according to Popov-Ralji¢

(2013) using a Chro a, Tokyo, Japan). The

Chromameter was c 3,a*0 =0.31, and b*0
= 4.63) before use. vered. Bread crust and
crumb colour were i ( ( ), and Total change in

colour (AE*) notatio

5.2.8 Proximate Co
The proximate com according to AOAC
methods (AOAC, 200¢ 10), fat (method 948.22),
protein concentré
were determine(!i, and c 7 i between the sum of the
other components and 100%. The energy W rmmed'by c‘lculatlon E = (9xfat) + (4 x

carbohydrate) + (4 x protein).
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5.2.9 Texture of Bread

The texture profile of the bread crumb was determined according to Alencar et al. (2015)
using three slices taken from the centre of each loaf of bread using a texture analyser
(TA.XT2 Texture Analyser, Stable MacroSystem, UK). The bread samples (3 x 3 x 3 cm)
from the centre of each slice were compressed two times using a pre-set speed of 1.5 ms™,
the contact force of 5 g, a distance of 8 millimetres and a data acquisition rate of 100 pps.
The parameters assessed include hardness, adhesiveness, cohesiveness and chewiness, and

resilience.

5.2.10 Microstructure of Bread

According to Aguila s was characterised by

SEM (Phenom Pro sher  Scientific, USA)

following the procec ere first coated with

gold dust (15nm thic Quorum Technologies

Limited, Kent, UK). | accelerating voltage of

15 kV.

The data obtained wer A) using “R” statistical

software for Wi _pc Ve
Multiple Range .Test (Dﬁas performed to |dent|fy varieties with significantly different

B — . e
(p < 0.05) means. Principal comEgt‘ﬂi ﬁWtSTAT 2018 for windows pc

was used to cluster cultivars with similar characteristics.

JSA) and Duncan
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5.3 Results and Discussion

5.3.1 Characteristics of Dough

Bread dough characteristics of FPF was determined to assess the performance of the dough
conditioners used on the dough characteristics of gluten-free flours. Dough characteristics of

FPF are presented in table 5.2.

Table 5.2: Characteristics of FPF Dough

Dough Stability

Dough WA (%) DDT (min) _ MT (BU)
(min)

D1 154.5 + 0.032 10.56 + 1.292 5.29 +2.08¢ 12.67 + 1.55¢
D2 159.6 + 0.102 11.12 + 0.962 4.89 +2,01¢ 12.33 +1.53¢
D3 ' +1 ' 11.67 + 0.58¢
D4 10.67 + 1.55¢
D5 12.33 + 2.08¢
D6 17.37 £ 0.58°
D7 16.33 + 1.55¢
D8 17.33 £ 2.08°
D9 16.67 + 0.58°
D10 15.53 + 0.58°
D11 21.33+2.08°
D12 19.67 +0.58°
D13 20.33+1.53°
D14 19.67 +0.58°
D15 19.53 +2.08°
WTD 82,67 £ 0.58°
D1-D5 = Doughs with Egg conditione ditioner only, D11-D15 =
Doughs with Egg- é_gl_atln co |‘ h, WA ater at§_qr|ption, DDT =
Dough development time, M | cé. *ValUies are mean plicates with standard deviation.

Means in the same column with dlfferent superscripts aﬂ.’srgm‘fican-ﬂy dlffel‘ent (p <£0.05)”.

Significant differences (p < 0.05) were observed for water absorption (WA), dough

development time (DDT), dough stability, and mixing tolerance (MT) of the doughs (Table
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5.2). Doughs made with egg powder conditioner only (D1 - D5) had the highest (p < 0.05)
WA, DDT, but the least (p < 0.05) stability and MT followed by doughs with gelatin powder
conditioner (D6 - D10). They had the least stability due to their higher rate of breakdown
(Han et al., 2021; Cauvain, 2015). Doughs with egg-gelatin powder conditioner (D11 — D15)
had the least WA and DDT but the highest stability relative to the other gluten-free doughs
(D1 — D10). Overall, wheat flour dough had superior (p < 0.05) characteristics compared to
the FPF gluten-free doughs. Gluten is responsible for pastry dough elasticity. It allows the
dough to expand during proofing and baking in an oven by preventing the carbon dioxide
produced by the yeast from escaping. At higher temperatures during baking, gluten
coagulates and forms a rigid skeleton that gives the bread loaf a structure that does not

collapse (Mongi et al. :

Development time i e compounds in flour

during mixing, and t et al., 2021). A longer
development time s iter absorption by the
components present ed by the higher water
absorption noted in t ay be correlated to a
higher amount of da s higher water-binding
capacity compared ta FPF bread took longer
development time ntial factor in the
mixing stage of ion is water-soluble proteins re:ferred quality in

bread doughs as it offers ‘#o'gmgﬂéﬁmmsmndling ‘a—|an et al., 2021;

Cauvain, 2015; Nindjin et al., 2011). The relatively better performance from the egg-gelatin

G

doughs, relative to the other FPF doughs, could be attributed to a better protein crosslinking

when hydrated and during proofing, probably due to a relatively superior protein mix that
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the egg-gelatin mixture provides for Transglutaminase activity (Han et al., 2021; Shittu et
al., 2009). The results suggest that a combination of several pastry dough conditioners can
produce bread with similar characteristics as conventional wheat bread, as observed in

doughs made with egg-gelatin conditioners (D11 — D15).

5.3.2 Baking Capacity of Bread
Baking capacity is a useful measure to evaluate the quality of alternative bread to
conventional ones. Gluten-free FPF bread was made to compare their baking characteristics

to conventional wheat flour bread. The baking capacity of the bread is presented in table 5.3.

Table 5.3: Baking cé

Loaf WA ( B (g/cm?) LW (%)

B1 91.97 + 25+002°  8.03+0.86°
B2 91.99 + 26+0.05° 801158
B3 91.93 + 0. 6+085°  8.07%097°
B4 91.96 + 25+0.55°  8.04+1.10°
B5 91.94 + 25+0.41°  8.06+0.55°
B6 91.16 + 24+056°  8.84+1.63°
B7 91.24 + 25+0.63° 876+ 1.55°
B8 91.09 + 24+0570 891113
B9 91.35 + ( 24+048*  8.65%0.75°
B10 91.21+12 0.24+0.29° 879 +2.15°
B11 88.66.£.0,53" 11.34 058
B12 89.3%"— 10.62 + 1.86"
B13 89.46 + 0.4 670 4:50+2.08° - 11022£009° 1054 +1.44°
B14 89.20 + 0.12° £, !).ﬁﬁc'?f_s?ﬂbgﬁl ?__ 0224023 10.71+0.21°
B15 89.15+052°  404.25+0.71° 453+1.10° 022+0.17°  10.85+1.05°
WTB 79.36£0.58° 45852+ 0.63° 5.78 + 1.53° 0.17+0.05°  20.64+2.08°

B1-B5 = Loafs containing Egg only, B6-B10 = Loafs containing Gelatin only, B11-B15 = Loafs containing
Egg+Gelatin, WTD = wheat flour loaf, WB = Weight of loaf, VB = Volume of loaf, SV = Specific volume,
DB = Specific density, LW = Weight loss. Values are means of triplicates with standard deviation. Means in
the same column with different superscripts are significantly different (p < 0.05).
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From table 5.3, all the bread made from Frafra potato flours (FPF) were significantly (p <
0.05) heavier (about 89 to 92 g) but smaller in volume (about 359 to 404 cm?®) than the loaf
made from wheat flour (WTB) which had an average weight and volume of about 79 g and
459 cm?® respectively (Table 5.4). Loaves produced with either egg or gelatin were
significantly (p < 0.05) heavier but smaller than those containing egg and gelatin. FPF
loaves were significantly (p < 0.05) denser than the wheat flour bread. The differences
observed in the baking capacities of the FPF loaves may be ascribed to the lack of adequate
gluten-like matrix giving rise to differences in crumb structure, which is better in WTB

samples because of the gluten content of wheat flour (Mongi et al., 2011; Ninjin et al.,

2011). Thus, the ab t flour, would give a

weaker and less ela ity, resulting in bread
with lower loaf volu the WTB loaf was at
least twice (p < 0.05 owest LW (about 9%)
was recorded in loafs rence in LW could be
attributed to lower PF doughs (Nindjin et
al., 2011; Shittu et ¢ concentration in FPF
resulted in a relative from them (Han et al.,

2021; Cauvain, 2015).,

5.3.3 Colour of_Brea% ﬂfei_
Colour plays a critical roIe%TpE'sr-ﬂﬁi_
acceptance and overall acceptability (Pertuzattiet et al., 2015; Popov-Ralji¢, 2013). The

colour of FPF bread crust and the crumb was measured and compared to wheat flour bread.

The colour characteristics of the samples are presented in Tables 5.4 and 5.5.
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Table 5.4: Colour of bread crust

Loaf L* a* b* h* c* AE*

B1 50.42+1.14° 1228+021° 2353%0.06° 6244%0.13° 26.54+0.09° 26.54 +0.15°
B2 51.13+0.08° 12.87+0.13° 2443+011° 6257+0.10° 27.94+0.07% 27.95+ 0.06°
B3 50.65+0.07° 12.84+0.05° 23.05+0.15 60.88+0.14° 26.39+0.08° 26.38+0.12°
B4 51.20+0.23° 11.91+0.32° 22.67+024° 6228+0.10° 2561+0.09° 2561 +0.14°
B5 51.58+0.15° 12.22+0.16° 22.48+028 6147+0.12° 2550+ 0.06* 25.59 + 0.10°
B6 51.12+027° 12284033 2343053 62.34%058 26.45+0.22% 26.54 +0.19°
B7 5113+ 013 12.37+017° 2416+093 6349+0.62° 27.71+0.58* 27.71+0.13°
BS 5115+ 037" 1224+023 23.05+0.16° 6203+053° 26.10+0.28° 26.10+0.23°
B9 51.18+0.23° 12.31+£0.62° 22.65+027° 6148+0.18" 2578+0.53% 2580+ 0.58°
B10  51.18+019° 12224045 22.48+0.15 61.47+0.10° 2559+0.62° 2559+0.14°
B1l  51.22+0.21% , - g 6.61+0.23" 26.54 % 0.12°
B12  51.13+0.62! 6.60 + 0.58° 26.69 + 0.53"
B13  51.15+043 6.10+0.37% 26.10 + 0.28?
Bl4  51.29+0.58 5.85+0.32° 2575+ 0.19°
B15  51.28+0.25 5.50+0.23" 25.50 +0.37°
WTB  61.63+0.23" 140+ 0.08 2584 +0.05°

L* - lightness from dark
angle, C* = Chroma (col
B10 Loafs containing Ge
flour. Values are means
superscript are significan

The colour of the FP

wheat flour bread (WTE

ness / blueness, h* = Hue
s containing Egg only, B6-
B = Loaf from hard wheat
me column with different

darker than the crust of

| o |
significantly (p < 0.05 b[ﬂlﬁEglﬁT‘ ﬁlmtﬁ_ﬁﬂﬂfﬁe rom FPF, indicating the

higher h* in WTB. This indicates the browning, occurring primarily because of
dextrinization and partly by caramelization and Maillard reactions, was extensive in FPF

loafs compared to wheat bread (Morais et al., 2014; Nindjin et al., 2011). No clear (p < 0.05)
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trend in colour differences (AE*) and b" between the dough and final baked bread was

noticed in the crust.

Table 5.5: Colour of bread crumb

Loaf L* a* b* h* Cc* AE*

Bl 61.39+1.14° 3.28+0.21° 1253+0.06% 75.33+0.05° 12.95+0.10® 12.95+0.05
B2 63.58 +0.08" 3.87 £0.13* 12.80+0.11* 71.84+0.03" 12.42+0.14% 12.42+0.10%
B3 64.32+0.07° 3.84+0.05% 13.05+0.15% 70.84+0.09° 11.70+0.12% 12.01+0.12?
B4 62.29+0.23* 3.01+0.32%° 12.67+0.24% 7554+0.06° 12.05+0.09% 12.05+0.08°
BS 6158 +0.15° 4.22+0.16° 12.98+0.28 70.60+0.08" 12.70+0.13* 12.64 +0.09°
B6 63.58+2.08° 3.77+0.33% 12.80+0.17% 72.28+0.05° 12.39+0.228 12.39+0.08°
B7 6421 +0.63° 3.64+0.55 13.05+0.18 71.78+0.03" 11.63+0.62® 12.63+0.05
B8 61.34£1.05"° 4.01+0.47% 12.87+0.08° 71.33+0.08" 12.53+0.47% 12.63+0.09?
B9 61.35+ 0.97° 1314 +253* 13.06 +0.07°
B10 62.23 + 2.0¢ 2.29+0.08% 12.31+0.03%
B11 6351+1.1 2.81+1.08 1242+0.11*
B12 64.14 + 0.6 1.73+0.53* 12.73+0.22°
B13 61.62 + 1.5 2.68+0.97% 12.67 +0.38%
B14 61.63 + 0.5¢ 2.17+0.62* 12.17 +£0.21°
B15 62.05 +2.05 2.22+0.53* 12.23+1.08
WTB 73.15+0.2 .72 £0.11°*  10.93+0.07°

L* - lightness from dark (0
Chroma (colour intensity),
Gelatin only, B11-B15 =
triplicates with standard de

0.05).

As expected, the colou

the crumb, and @het flou

indicates this, an,g_ Iowe Ch?

a*-in-FPE_loaves-crumb co
Ri PROCEDAM

eness, h* = Hue angle, C* =
ly, B6-B10 Loafs containing
at flour. Values are means of
re significantly different (p <

r crusts were darker than

L{g d to the crust. A similar

trend was observed when the colour of -FPF-foaves was compared to WTB loaf. Loaves
made from wheat flour had a significantly (p < 0.05) brighter crumb colour than those made
from FPF, as indicated by the higher h* in WTB (Table 5.5). The darker colours observed in

FPF loaves crumb also indicates the browning, occurring partly by caramelization and
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Maillard reactions, was extensive in FPF loafs compared to wheat bread (Morais et al.,

2014; Nindjin et al., 2011). No clear (p < 0.05) trend in colour differences (AE*) and b"

between the dough, and final baked bread was noticed in the crumb of FPF loaves. However,

there was a considerable change in colour in the crumb of WTB.

5.3.4 Proximate Composition of Bread

Compositional analysis of bread made from gluten-free Frafra potato flours, using dough

conditioners, was determined and compared to typical wheat flour bread. The proximate

composition of the bread is presented in table 5.6.

Table 5.6: Proximat

Loaf Ash arbohydrate Energy (kcal)
Bl 4.05+1.0 61.88+1.15° 43517 £ 0.65°
B2 3.89 + 0.62 62.44 +152*  450.35 % 0.22°
B3 3.75+0.2 62.55+0.63*  437.24 +0.58°
B4 4.02 +0.34 62.39+1.18"  439.93 +0.62°
B5 40102 62.15+1.27%  444.03 +0.33"
B6 4.36 + 0.54 60.33+2.58%  446.14 +0.54°
B7 354+ 1.0 61.44+1.37%  439.99 & 0.58°
B8 36105 61.37+1.09°  439.10 +0.63"
B9 423406 60.40 £ 2.30°  438.61+0.21°
B10 4.19 + 0.09 50.93+1.24%  443.60 0.52°
B11 4.41+118 63.80+£0.74°  465.15 £ 1.40°
B12 3.67 0,342 45+166° 44457 £2.17°
B13 351 J 1212+ 1.047 28122 2.42 + 0.2 $110° 45044 +112
B14 442029 (13802023 2023+004° _ 24340, 603142200 441,95+ 1.45°
B15 413+ 0157~ 13'.6%' T Eﬁﬁizﬁﬁa@EDM.ﬁj_ 60.15+214°  447.90  1.08°
WTB 149+008° 1008+035° 1686+0.01¢ 217+004  6851+030°  469.70  2.06°

B1-B5 = Loafs containing Egg only, B6-B10 Loafs containing Gelatin only, B11-B15 = Loafs containing Egg+Gelatin,
WTB= Loaf from hard wheat flour. Values are means of triplicates with standard deviation. Means in the same column
with different superscripts are significantly different (p < 0.05).
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Table 5.6 shows no significant (p < 0.05) differences between the fibre, carbohydrate, and
energy concentrations for all the breads. No significant difference existed in all the FPF
loaves; however, they were significantly (p < 0.05) higher than wheat flour bread (WTB).
The protein content of FPF loaves was higher (p < 0.05) than WTB, and this is attributed to
the additional proteins (egg albumin and or gelatin powders) in FPF loaves. Overall, FPF
loaves which contained both egg and gelatin (B11 — B15), expectedly, had higher protein
compared to the remaining loaf samples (B1 — B10). The fat content of FPF loaves was
similar but also higher (p < 0.05) than WTB. The higher fat content observed in FPF loaves
could be attributed to the added egg powder since egg yolk is fatty (Han et al., 2021). Also,

the high oil absorption capacity of Frafra potato flours. Pastry made with flours with high

water, and oil bindin

products (Mongi et

5.3.5 Texture Profil
Texture profile anal ic what happens when
the bread is bitten i e profile of the bread

samples is presented
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Table 5.7: Texture profile of bread samples
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Loaf Hardness (g) Adhesiveness (gs) Cohesiveness Chewiness Resilience

B1 2289.30 + 1.242 -1.86 £2.132 0.14+1.01° 124.23+2.26°  0.09 £0.76°
B2 2356.29 + 1.672 -1.73 £ 3.242 0.15 + 0.56° 112.14 +1.09°  0.09 +0.15°
B3 2410.66 + 1.742 -1.58 + 2.67¢ 0.13+0,83° 123.27 £2.01°  0.08 +0.32°
B4 2339.71 + 1.53* -1.55+4.912 0.16 +1.22° 106.03 £0.73°  0.09 + 0.49°
B5 2339.71 + 1.92° -1.62 £ 3.822 0.14+0.91° 119.15+1.01°  0.08 £ 0.92°
B6 1845.08 + 1.81° -5.02 + 3.48° 0.32+1.15° 179.47 £1.05°  0.11+0.53°
B7 1867.19 + 1.79° -4.87 + 4.16° 0.28 +0.76° 164.55+0.82°  0.10 £ 0.45°
B8 1828.52 + 1.55P -4.98 + 3.58° 0.21 +£0.31° 181.26 +2.13°  0.12+0.34°
B9 1834.35 + 1.88° -5.08 + 3.55° 0.23 £1.01° 168.95+1.19°  0.10 +0.66°
B10 1817.44 +0.97° -5.23 +£2.94° 0.28 +£0.65° 194.23+1.74°>  0.11+£053°
B11 1201.23 + 1.16° -7.12 +£3.09° 0.61 £+ 1.05% 262.13+1.68%  0.15+0.18°
B12 1208.31 + 1.45¢ 4.46+213* 0.16+0.132
B13 1226.25 + 57.62+1.95*  0.15%0.29
Bl14 1214.19 + 59.93+1.14*  0.17 £0.11°
B15 1239.04 + 51.34+1.08* 0.15+0.13°
WTB 856.06 + 0. 86.09 £ 0.09°  0.18 £ 0.06%

B1-B5 = Loafs containin
+ Gelatin, WTB = Loaf
the same column with di
Frafra potato loaves (
0.05) harder (2289 —
1867.2 g force) or a ¢
(Table 5.7). These samp

bread (WTB),

chewy compare&-to W

d a mean

-

315 = Loafs containing Egg
andard deviation. Means in

were significantly (p <
(B6 - B10) (1817.4 —
01.2 —1239.0 g force)
).05) harder than the wheat

i
r, FPB were less

IwT Eﬁﬁﬁpﬁﬂéﬁﬂiiﬂ;}jﬁ/e han B1 - B15, and this

could be attributed to a superior gluten matrix formed in WTB, which makes it gummy
(Mongi et al., 2011; Nindjin et al., 2011). However, B11 — B15 was more adhesive
compared to B1 — B10. The cohesiveness of samples containing both egg and gelatin (B11 —

B15) were comparable to WTB. B11 — B15 and WTB had similar (p < 0.05) resilience, but
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significantly (p < 0.05) differed from B1 — B5 and B6 — B10. This implies B11 — B15 and
WTB had a higher ability to regain their height after compression than loaves containing
only gelatin or egg (B1 — B10). It is possible that the alveoli structure formed by a
combination of egg and gelatin conditioners had comparable stability to that of WTB
(Mongi et al., 2011; Nindjin et al., 2011), which was more stable compared to the one

formed by loaves containing either only egg or only gelatin.

5.3.6 Microstructure of Bread
The alveoli structure of FPF bread were imaged and compared to that of typical wheat flour

bread. Figure 5.2.

GFBE = Bread containing egg conditioner only (B1 — B5), GFBG = Bread containing gelatin conditioner only (B6 — B10),
GFBEG = Bread containing egg-gelatin conditioner (B11 — B15), WTB = Wheat flour bread

Figure 5.2: Microstructure of Bread Samples (x2300 magnification @ 15 kV)
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SEM imaging revealed a more open crumb structure consisting of thinner walls in bread
made from wheat flour (WTB) compared to those made with egg or gelatin only (GFBE and
GFBG, respectively), which showed a denser network (Figure 5.2). Some almost intact
starch granules were noticed in the structure of bread made with a combination of egg-
gelatin conditioner (GFBEG). It is possible that the firmer gel network formed by this
combination conditioner chelated the starch granules and restricted starch granule swelling
during the dough forming stages (Nindjin et al., 2011; Mongi et al., 2011). However, bread
with egg-gelatin conditioner had a crumb structure similar to wheat flour bread compared to

those made with either egg or gelatin only.

5.3.7 Principal Comy
The Principal Com 2 ' rmine which features
significantly impacte gh and bread samples.
The PCA map ¢ ead based on their
physicochemical cha s explained in the first

2 dimensions (DIM1 3.
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| o
/ | Resilience

Cohesivepgss

ve Stability

sV

%)

DoT

Hardness

10 12 14

(var contribution: 86.11 %)

B1-B5 = Loafs containin 15 = Loafs containing Egg

+ Gelatin, WTB = Loaf f

From figure 5.3, PCA C afs.e i ps, with B11 — B15 and

cohesiveness, chewiness, and resilience (area of the blue elllpse) In contrast, the second

group (B1 — B10) was characterised by their fat concentrations, the weight of bread, water
absorption, development time and mixing tolerance of their doughs, density, loaf hardness,
and adhesiveness (area of the yellow ellipse). The grouping by PCA suggests that bread
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made with egg and gelatin combination (B11 — B15) was more likely to compare with
typical bread than the other FPF bread (B1 — B10). Thus, B11 — B15 may be considered for

advanced selection for further investigation.

5.4 Conclusion

Bread made with two dough conditioners (B11-B15) and typical wheat bread were
characterised by similar properties and grouped (PCA). FPF dough absorbed more water,
required a longer time for development, had lower mixing tolerance, and was less stable than
wheat flour dough. FPB were darker than WTB in the dough, crust, and crumb colour. Egg

and gelatin combination produced dough with characteristics and baking capacity closer to

wheat flour. Bll-Blr . but were harder. The

products were cluste ies. In contrast, bread
made with one condi ered from wheat flour

bread. Thus, in de onditioners should be

considered instead a trate for mimicking a

gluten-like matrix in s performed similarly
in gluten-free bread. le to continue further

studies for gluten-fre
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CHAPTER SIX
6.0 MICROBIAL QUALITY AND SENSORY PROFILE OF GLUTEN-FREE
FRAFRA POTATO BREAD

Abstract

Five gluten-free bread products (B11 — B15) were prepared using Frafra potato flour (FPF)
and compared to bread made from wheat flour (WTB). Microbial tests were carried out to
ensure the products met the minimum thresholds for microbial quality for human
consumption using the Ghana Standards Authority’s microbiological limits (GS 955:2018)
for bread. All the products had counts far below the limits, hence were safe for human

consumption. A panel of nine (9) trained assessors were used to assess six (6) bread samples,

five of which were ¢ | sing the Quantitative

Descriptive Analysis ere not significantly
different to each ot te between them (p <
0.05). Only 5 out ¢ tly differentiated the
products. The produc rust (top and bottom),
smooth bottom crust or bitter flavour note
perceived in the glut TB and B14 had the
lowest intensity (ligh differed statistically (p

< 0.05) from each ot 13 and B15 had higher

brown colour intengg’ ies and om one.another (p < 0.05).
. } |

The brown colour m crust of B11 was not sig I ferent from that of

products B12, B13 and fg‘l E%ﬁ‘ﬂm%ﬂaﬂémgherﬁown bottom crust

colour compared. Bitterness perceived in B11 was significantly intense than in B12 and B15

(p < 0.05). The intensities of bitterness were, however, very low. All the bread smelled and

tasted like typical bread. Sensory profile of the products correlated strongly with the optical
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and dough properties of FPF. Thus, in developing bread from FPF, attributes of colour and

dough properties should be considered.

6.1 Introduction

Bread stands out as the most most important among bakery products because it is consumed
daily and appreciated greatly by consumers globally (Pertuzatti et al., 2015; Williams and
Pullen, 2007). Traditionally, bread is made from wheat flour. However, due to the cost of
importation and the health considerations for some consumers, because they are gluten

intolerant, there has been a great deal of research effort to develop gluten-free flour as a

substitute for wheat flour for bakery products, including bread (Popov-Ralji¢ et al., 2013;
USFDA, 2014). The : ; j ‘op flour in gluten-free
bread production, h (Popov-Ralji¢ et al.,
2013; Tenehaus et uction, pastry dough

conditioners have be , texture, and sensory

profile (Nindjin et a h as transglutaminase

have been applied to ave been used in such
minute concentration the product (Chlopika
et al., 2012; William idered safe for human
consumption (USFDA

However, due to di _gluten-free flour,

I
further studies are

required to mvestlgate mod’#&%%ﬁrﬂ%&@&ﬂ”&g uten- free flour to achieve

similar sensory attributes as wheat flour when used to bake bread (Dankwa and Peprah,

broad consumer a d adoption Is slow. It is su

2019). Understanding the factors that affect product quality by using descriptive profiling

has been done extensively by researchers and manufacturers as part of research and
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development (R&D) processes (Lawless and Heymann, 2010; Stone et al., 1974). The
objective of this study was to assess the sensory profile of gluten-free bread made with

Frafra potato flour using Quantitative Descriptive Analysis (QDA®).

6.2 Materials and Methods

6.2.1 Source of Raw Materials

Five (5) Frafra potato bread types (B11 to B15) were selected in chapter five. The selection
was based on the PCA clustering (Figure 5.3) observed in chapter five. Microbiological

media for safety tests were obtained from local chemical suppliers.

6.2.2 Microbiologic
6.2.2.1 Aerobic Plat
Total aerobic plate od. Iml of inoculum,
prepared from 10g Committee on Food
Analysis method (N ed and represented as

log CFU/qg.

6.2.2.2 Yeast and Mc
Iml of inoculum, pre d per the International

Organization for 27-1:2008). The

epresented as log CFU/g.

INTEGRI PROCEDAMUS |

colonies were enumerat '
o

—
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6.2.2.3 Total Coliforms Count
Total coliforms were enumerated by the pour plate method. 1ml of inoculum, prepared from
10g of each bread sample, was used per the Nordic Committee on Food Analysis method

(NMKL.No0.44,2004). The colonies were enumerated and represented as log CFU/g.

6.2.2.4 Enterobacteriaceae Count
1ul of serial decimal dilutions, prepared from 10g of each bread sample, was used per the
Nordic Committee on Food Analysis method (NMKL.N0.71,1999). The colonies were

enumerated and represented as log CFU/g.

6.2.3 Sensory Panel '

A trained descriptiv year of experience in

QDA® tests was r , 2014; Lawless and

Heymann, 2010).

Samples were prepa S 0 me 7 aratic ee bread described in

chapter 5 and sent to nsparent Ziploc plastic

bags and appropriate Or sensory cues (colour,

aroma) to aid s irvere kept in the

freezer at -19 °Q (to pre and prevent sporlage) overni y were removed 4 hours

-r

‘ —
before the testrng sessron p.:gp?arEg ﬂ'nf fﬁgﬁ:fﬁ'gr ~stered in the refrigerator at 7 °C

for distribution to the assessors at the commencement of the test sessions.
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6.2.5 Sample Preparation and Serving

The bread samples were handled in the frozen state to allow easy cutting and avoid
deformation because of their soft texture. The sides of the frozen bread were cut off and
discarded to obtain a portion of the bread that had a uniform colour. The remaining portion
was divided into four equal parts. Each part was served in an 80 mL plastic sauce cup
labelled with a random 3-digit code and stored in the fridge. The samples to be assessed
were removed from the fridge at least 45 minutes before the start of the testing session to
allow them to attain a room temperature of about 25 + 0.57 °C. They were served to the
assessors with 500mL of bottled water as a palate cleanser, disposable forks, tissue,
environmental monitoring, sample handling recording sheets, and instructions on sample

handling.

6.2.6 Assessment of

The assessors evalu of the products for

appearance, texture-i aftereffects.

6.2.7 Test Protocol
As is typical in a ( ties: term generation,
consensus building, . Due to the ongoing
Covid-19 global

appropriate social distaﬂﬁp
o

scale training, evaluation, consensusmuiﬁjﬁgpggg dlseussmns in the Oracca Tetteh

classroom with

rotocols observed. Assesso jed out ferm generation,

classroom adjacent to the Sensory Evaluation Laboratory, University of Ghana, Legon

Campus.
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Each assessor evaluated all six products for term generation and developed attributes that
described each product, defined those attributes, and allocated anchors. Assessors also listed
references where necessary to provide clarity on ambiguous terms. All the assessors agreed
on a final collated list of descriptors that accurately described the product set during
consensus building. Reference products were provided by the panel where needed to clarify
vague descriptors and align panel agreement. During the scale training session, assessors
were trained to score each attribute on a 10cm intensity line scale (Popov-Ralji¢ et al.,
2013). They collectively agreed on the ranges of each attribute per product to align scale
usage and establish the correct ranking order of the products. Each assessor then

individually scored the intensity of each product per attribute on individual 10 cm intensity

scales in duplicate f intense or not present,

and ten is very intens
Assessors evaluated order. Randomization
was achieved using Assessors used room
temperature water as reak after tasting each
product. Assessors e 2 duration of the study

was eight days.

6.2.8 Statistical Analy

Data were coIIe(@:ﬁ[r 1C8 e Clou aS (Compusense,
A i |

Guelph, Ontario, Canada). VA with interactions where ' ucts and replicates were
T ‘ e — —f,_ i o

maintained as fixed factors gf]g g@@rfaﬂﬂﬁ%ﬁ%&y va"'as performed. Tukey’s HSD

post hoc analysis (a = 0.05) was performed to identify significant differences in the product

means. Panel analysis was also conducted to determine panel performance based on their

repeatability, discrimination, and interactions. Product characterisation using Principal
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Component Analysis was also carried out to provide a 2-Dimensional multivariate map of
the products in the sensory space. Non-discriminating descriptors were filtered out to reduce
the noise in the PCA data presentation. All data analyses were carried out using XLSTAT

2018 (Addinsoft, New York, USA) for Windows pc.

6.3 Results and Discussion

6.3.1 Microbiological Safety of Bread Samples
The results for microbiological tests to ensure the products met the minimum thresholds for

microbial quality for human consumption are summarized in table 6.1.

Table 6.1: Microbi'

Sample Aerob : ( / i Enterobacteriaceae
B11 <10
B12 <10
B13 <10
B14 <10
B15 <10
WTB 190 <10
ates. .ﬂ.EE::'.‘l hority microbiological
x10%, ulds “=—1x10°, Coliform = 1x102

<10 = No microorgani d per that te

limits (GS 955:201 i biscuits, cake eteiAP

Enterobacteriaceae = lelo P N =
=1 INTEGRI PROGEDAMUS |

No coliforms and Enterobacteria were isolated in the bread samples. APC was higher in
B12, followed by WTB and B11. B15 had the least APC count (Table 6.1). Yeast and mould
count was also higher in B12 and WTB. The observed yeast counts may be because yeasts

are widely distributed in nature, inhabit a wide range of habitats, and could easily
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contaminate food (Aboaba and Obakpolor, 2010). The microbial population in all the bread
samples were far below the acceptable limits recommended by the Ghana Standards

Authority (GS 955:2018) and were therefore safe for human consumption.

6.3.2 Sensory Descriptors

Twenty-one (21) unique characteristics were generated to describe the sensory profile of the
six bread types. They comprised four (4) appearance attributes, six (6) texture-in-hand
attributes, three (3) aroma attributes, four (4) flavour attributes, and two (2) attributes each
for mouthfeel and aftertaste. Some attributes applied to more (repeated) than one part of the

bread (top crust, bottom crust, crumb); therefore, there were forty-eight (48) attributes

altogether. Table rs grouped for each

modality according t ttom crust, and crumb
of the bread).
Table 6.2: Sensory

of gluten-free bread

made from Frafra P

Modality Reference
Dark  Skippy peanut
butter (creamy)
Top C
. » |
“appears to lack ‘
Appearance ] F moisture 4 |
Jﬁfp —— ] Eig - Dark™
ﬁ‘iﬂ‘"ﬁ A il -Not - Very Bottom crust of
surface butter bread
Homogeneous  Even Not - Very
Bottom colour colouration of
crust
the product
Dry The product Not - Very

appears to lack
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Top crust

Texture-in-
hand

Doughy

Smooth

Soft

Dry

INTEGR| PR

Dry

Doughy

moisture
Having a
rubbery, plastic
feel when
rubbed between
the thumb and
index finger
Having a fine
feel when
rubbed between
thumb and
index finger
Easily
compressed
when rubbed
between thumb
and index
finger

Absence of
moisture in the
product when

nal form!

sence of
moisture in
product when

rubbed between

thumb and
index finger
Having a
rubbery, plastic

Not - Very

Not - Very

Not - Very

Not - Very

Not - Very

Not - Very

Bread dough

Top crust of
butter/sugar
bread

The top crust of
butter
bread/sugar
bread
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Smooth
Bottom Soft
crust

Dry

Top

Aroma

feel when
rubbed between
the thumb and
index finger
Having a fine
feel when
rubbed between
thumb and
index finger
Easily
compressed
when rubbed
between thumb
and index
finger

Absence of
moisture in the
product when
rubbed between
thumb and
index finger

Not - Very

Not - Very

Not - Very

ery

ery

Burnt note Characteristic Not - Very
aroma like that
of burnt bread
Salty Basic taste Not - Very
Sweet Basic taste Not - Very

170



University of Ghana http://ugspace.ug.edu.gh

Flavour

Mouthfeel

Aftertaste

Top crust

Crumb

Bottom
crust

Top crust

Bread

Salty
Sweet
Bread

Salty
Sweet

Bread

Bitter
Chewy

Soft

Characteristic Not - Very
flavour like that

of bread
Basic taste Not - Very
Basic taste Not - Very

Characteristic Not - Very
flavour like that

of bread
Basic taste Not - Very
Basic taste Not - Very

Characteristic Not - Very
flavour like that

of bread

Basic taste Not - Very
Sticky feel in Not - Very
the mouth and

teeth as the

product is

masticated

Easily Not - Very
compressed in

Bottom

Salty
Salivation

product is
swallowed
Basic taste Not - Very
Production of Not - Very

saliva in the
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crust mouth after
product is

swallowed

6.3.3 Differences in Bread for Discriminating Attributes

Of the 48 attributes used to describe all the six bread types, only five attributes significantly
differentiated them (p < 0.05). These were four appearance attributes and one flavour
attribute: brown top crust, brown bottom crust, smooth bottom crust, homogenous colour,
and bitter after taste. There were no significant differences (p < 0.05) in aroma, flavour

(except bitter), texture in hand, mouthfeel and aftertaste. The discriminating attributes are

presented in Figure

100 T
9.0 +
8.0 +
70 +
6.0 + -
50 +

40 +

3.0 T+

20 +

1.0 +

0.0 -

Brown colour, Mogeneous
Crust

|

|

WTB = Wheat bread, Bil =

WAAPP bread. Bars, within attributes;.“\ﬁ: rﬁjt ‘, S ‘are significa

Figure 6.1: Bar chart showing differences between bread formulations for

discriminating attributes
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The top and bottom crusts of WTB and B14 had the lowest intensity (lightest) of brown
colour in the sample set and did not differ statistically (p < 0.05) from each other (figure
6.1). The top crusts of products B11, B12, B13 and B15 had higher brown colour intensities
and were not significantly different (p < 0.05) from one another. The brown colour of the
bottom crust of B11 was not significantly different from that of products B12, B13 and B15.
B13 had a significantly higher brown bottom crust colour than all the products except B11 (p
< 0.05). The appearance of the bottom crusts of WTB, B14 was significantly smoother than
B13 and B15. The smoothness of the bottom crusts of WTB and B14 were significantly
different (p < 0.05) from the other bread types in the sample set. The homogeneity of the

bottom crusts of all the products was generally low (between 3 and 4 out of 10). The

homogeneous colour y higher than those of

B12, B13 and B15. ducts (B11, B12, B13
and B15) except B14 ss than one on a 10cm
line scale). The bitte tense than the others (p
< 0.05). The bitter a ons of the components
and compounds, suc idens, that are formed
during the Maillard r hich may cause some

bitter aftertaste to pe , 2017).
6.3.4 Product M

The Principal Compone

sis (PCA) map generated dis the posiltioning of the six
bread samples in the sensory spgﬁﬁ*ﬁsm&qg%%) ;/vmas explained in the

first 2 dimensions (DIM1 = 71.25%), DIM2 = 25.69%) as shown in Figure 6.2.
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4
D)
3
;\g 2
o WTB
© °
Qs
o~
=
0O o t
BC(bottom_crust)
L
4 BC(Top_Crust) | BC(¢rumb) Smth(bottom_crust)
[ )
B14
2
-4 3 2 1 0 1 2 3 4

DIM 1 (71.25 %)

(var contribution: 96.94 %)

WTB = Wheat bread, em-Tiir, B14 = Maa-Lana

bread, B15 = WAAPP br

Figure 6. nsory space

From figure 6.2, B1: olours of both the top
and bottom crusts a ge ellipses). B14 and
WTB were mainly ¢ om crusts (area of blue

ellipses). The positio 0 groupings, with B14

eenSensory profile'andthe physicoc i ‘teristics of FPF

and Bread samples— T.Eahi FHDGEEW_E;

Pearson’s correlation was employed to ascertain how the physicochemical properties of FPF
and bread significantly influenced the sensory profile of FPB. Table 6.4 shows the summary

of correlation analysis.

174



University of Ghana http://ugspace.ug.edu.gh

Table 6.3: Correlation between Sensory profile and the physicochemical characteristics

of FPF and Bread samples

Correlation Between Coefficient (R?) P-value
Sensory profile and Colour parameters (FPF) 0.98 0.01
Sensory profile and Dough properties 0.95 0.01
Sensory profile and Instrumental texture (TPA) 0.83 0.03

FPF = Frafra potato flour, TPA = Texture profile analysis

Correlation analysis file (QDA) correlated

strongly with optica PA (Table 6.3). This
implies that the sensc y these characteristics.
This is supported by | l. (2017; 2015), where
the sensory profile of parameters of texture,
colour and dough pre , colour parameters of

the flours, dough cha

6.4 Conclusion

The sensory pro f bread™s ined using nine
trained assessors%yrfa_of the 48 attributes assesseq ; |cantly dlfferentlated the
bread samples. The formuIatlong\ﬁﬁidﬁmrféppeafmce by the brown colour of
the top and bottom crusts, smooth bottom crust, the homogeneous colour of the bottom crust
and a bitter flavour note perceived only in the bottom crust of Frafra potato bread. WTB and

B14 (Maa-Lana Bread) had similar colour and texture attributes (for the top and bottom
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crusts and smoother bottom crusts). B11 (Manga Moya Bread), B12 (Nutsugah Bread), B13

(Naachem-Tiir Bread) and B15 (WAAPP Bread) had a bitter note, albeit low intensity. The

study has shown that the five released accessions of Frafar potato are desirable to continue

further studies for a gluten-free bread with a similar sensory profile to typical bread.

However, the Maa-Lana accession would be more desirable than the other four.
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CHAPTER SEVEN
7.0 GENERAL CONCLUSIONS AND RECOMMENDATIONS
7.1 General Conclusion
The study showed that Frafra potato cultivars can be processed into fine flour and starch
(with high yields and modest extractability respectively), and used as an ingredient for

bakery products processing.

The starches from Frafra potato were characterised as A-type allomorphs and were typical
of other root crops, with similar amylose/amylopectin ratio, degree of crystallinity, and

granule morphology. However, the starches from the different Frafra potato cultivars

showed different pe perties due to their

differences in granul main groups based on
these differences, wi 2 rest in the other. The

characteristics of FP¢ cations of the starches

and may also influen st for the development

of suitable varieties f in baked foods, jellies,
powder desserts, thic
The released cultivars protein and ash and had
similar invitro min ._higher levels of
proteins, consist.in ' ifour storage proteins, includin ) , : in:hibitor. Among a
profile of 19 amino acids ‘5&5&@3_@ Hﬂ_ﬁﬁl@ﬂi&% 7 of them were essential
amino acids. Moisture sorption behaviour revealed that the flours have a maximum

allowable moisture content for safekeeping at 10% at about 0.5 aw. Moisture sorption

isotherms using the Oswin and Smith models demonstrated that the flours become more
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hygroscopic beyond 6.0 aw and require good moisture barrier packaging material for longer
shelf life. FPF properties make the flours useful in food systems such as baked foods, fruit

jellies, powder desserts, thickener, weaning blends, and gluten-free pasta.

The study demonstrated that Frafra potato flour has potential in the gluten-free leavened
bread space when used with dough conditioners (gelatin with egg albumin powder
combination) followed with transglutaminase, a protein cross-linking enzyme
(transglutaminase) to mimic the gluten-like network for better handling, baking capacity and

crumb structure.

Quantitative descrip leavened bread also

confirmed that bread had majority sensory

characteristics like th a minor bitter flavour

note, darker crust and
Frafra potato flour en-free leavened tuber
flour bread in Ghana

s bread and encourage

decision making by p ho want to harness the

nutritional properties of
culinary applica}io%

T :r—_;__—-ﬂ—’_'f"lf
— INTEGRI PROCEDAMUS.

~for wheat flour in

7.2 Recommendations

Based on the findings of the study, the following recommendations are suggested:
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1. Breeding studies should investigate the feasibility of developing improved accessions
of Frafra potato with higher starch yield, as this could make Frafra potatoes compete,
with cassava, as an affordable alternative source of starch for industry players who
depend heavily on high starch yielding crops such as the Ayensu Starch Factory in

Accra, Ghana.

2. The effect of different moisture barrier packaging on the short- and long-term storage
of Frafra potato flours should be investigated to determine the best packaging for the

longer keeping of the products under different storage conditions.

3. This study ma 7 y n g ‘ e/to bread; however, there
were significa forencegiii dough/baking and tg profile characteristics,
which may be ssed | rther ion 0f gluten-free leavened
bread formulz ng.conditions. This_may_promote the use of Frafra
potato flours ly in the communities
where the tub

4. To control the

bte Frafra potato flours

local manufactu ANa, aes scale t rocessing plant could be

built at t@_a Agricultt istitute (SARI) i pper East Region

mg&ﬂ?ﬁﬁpﬁ%%ﬁjﬁ_ built_in all the northern

regions, especially at Frafra potatcr‘gréwiﬁg( communities, as one of the

of Ghana, Com

Government’s industrialization programs of providing manufacturing factories in
each district in Ghana. This will reinforce the efforts of several organisations in

Ghana (SARI and West Africa Agricultural Productivity Project, WAAPP) to
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promote the utilisation of Frafra potatoes while contributing to food and nutrition
security. This can also help fight micronutrients and vitamin A deficiency, especially
in areas where the crop is cultivated. Before commencing a full-scale production, FP
flour processing standardisation would be conducted in a pilot-scale production unit

to establish optimized conditions for upscaling the production.
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APPENDICES

Appendix I: Anova and Comparisons Using Tukey’s Hsd

Analysis of Variance — AP-Brown colour (top crust)

Source DF Adj Adj F- P-
SS MS Value Value
Sample_Name 5 82.36 16.47 14.47 0.000
9 39
Panelist_Code 8 111.2 1391 1221 0.000
90 12
Session_Name 1 0.171 0.171 0.15 0.700
2
Sample_Name*Panelist Code 40 7296 1824 1.60 0.070
8 2

Sample_Name*Sessia

Panelist_Code*Sessi

Error

Total

Model Summary

S

1.06718
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Grouping Information Using the Tukey Method and 95% Confidence

Sample_Na N Mean Grouping
me
MMYAB 18 57833 A
3
NKIMB 18 5.6833 A
3
WAPPB 18 55277 A
8
NGAHB 18 5.4277 A
8
NLNAB 18 4.3222 B
2
CWHTB 18 3.3944 B

Means that do not sha

Analysis of Variance

Source P-
Value

Sample_Name 0.000
Panelist_Code 0.000
Session_Name 0.839
Sample_Name*Panel 0.000
Sample_Name*Sessi 0.891
Panel ist_Code*Sessio 0.068

Error
Total

Model Summary

S R-sq R-sq(adj) R-sq(pred)

0.938281 92.27% 79.32% 43.64%
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Grouping Information Using the Tukey Method and 95% Confidence

Sample_Name N Mean  Grouping
NKIMB 18 7.03889 A
MMYAB 18 6.67778 A B
NGAHB 18  5.98333 B
WAPPB 18  5.85000 B
NLNAB 18  3.98333 C
CWHTB 18  3.73333 C

Means that do not share a letter are significantly different.

Analysis of Variance — AP- Smooth (bottom crust)

Source DF AdjSS Adj F- P-
MS Value Value

Sample_Name

Panelist_Code

Session_Name
Sample_Name*Panel

Sample_Name*Sessic

Error
Total

Model Summary

S

1.27069
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Grouping Information Using the Tukey Method and 95% Confidence

Sample_Name N Mean  Grouping
CWHTB 18 6.40000 A

NLNAB 18 6.32222 A

NGAHB 18 5.48889 A B
MMYAB 18 5.30556 A B
NKIMB 18 5.01667 B
WAPPB 18 4.82778 B

Means that do not share a letter are significantly different.

Analysis of Variance — AP-Homogeneous (bottom crust)

Source D

Sample_Name

Panelist_Code
Session_Name
0.433
0.771

Sample_Name*Panel
Sample_Name*Sessi
Panelist_Code*Sessic
Error
Total

Model Summary
S R-sq

1.25217
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Grouping Information Using the Tukey Method and 95% Confidence

Sample_Name N Mean Grouping
NLNAB 18 4.86111 A

CWHTB 18 4.68333 A B
MMYAB 18 4.65000 A B
NKIMB 18 3.95000 A B
WAPPB 18 3.73889 A B
NGAHB 18 3.57778 B

Means that do not share a letter are significantly different.

Analysis of Variance

Source

Sample_Name

Panelist_Code

Session_Name

Sample_Name*Panel
Sample_Name*Sessi
Panelist_Code*Sessic
Error

Total

Model Summar;}"‘L

: ary~—— T INTEGR) PROCEDAMUS

sq(adj)  sq(pred)

0.408498 98.36%  95.61%  88.03%
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Analysis of Variance - Tx-Doughy( bottom crust)

Source DF AdjSS AdjMS F- P-
Value Value

Sample_Name 5 1.590 03179  0.95 0.460
Panelist_Code 8 350.909 43.8636 131.07 0.000
Session_Name 1 4.006 4,0059 1197 0.001
Sample_Name*Panelist_Code 40 20.032 0.5008 1.50 0.103
Sample_Name*Session_Name 5 3.149 0.6297  1.88 0.119
Panelist_Code*Session_Name 8 2.999 03749 1.12 0.371

Error 40 13.386  0.3347

Total 107 396.071

Model Summary

S R-sq

0.578500 96.62%

Analysis of Variance

Source

Sample_Name

Panelist_Code

Session_Name

Sam pIe_Name*LaneI ist_

. - & &
Sample_Name*SessiE_NémE-ﬁ:-E@ FMD (
Panelist_Code*Session_Name 8 6.549 0.8186 1.33 0.259
Error 40 24.693 0.6173
Total 107 254.331
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Model Summary

S R-sq R- R-
sq(adj)  sq(pred)

0.785703 90.29%  74.03%  29.22%

Analysis of Variance — TX-Smooth (crumbs)

Source DF AdjSS Adj F- P-
MS Value Value
Sample_Name 5 3.629 0.7258 130 0.283
Panelist_Code 8 386.408 48.3010 86.55 0.000
Session_Name 1 0.063 0.0626 0.11  0.739
Sample_Name*Panelist_Code 40 22269 05567 1.00 0.503

Sample_Name*Sessi 7 0.722

Panelist_Code*Sessic 0.632
Error

Total

Model Summary

S R-sq

0.747047 94.92%
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Analysis of Variance — TX-Smooth (bottom crust)

Source DF AdjSS AdjMS F- P-
Value Value

Sample_Name 5 3.042 0.6083 0.82 0.545
Panelist_Code 8 232177  29.0222  38.93 0.000
Session_Name 1 0.733 0.7334 0.98 0.327
Sample_Name*Panelist_Code 40 24.649 0.6162 0.83 0.725
Sample_Name*Session_Name 5 1.188 0.2376 0.32 0.899
Panelist 8 16.994 2.1243 2.85 0.013
_Code*Session_Name

Error 40 29.819 0.7455

Total 107 308.603

Model Summary

S R-sq

0.863413  90.34%

Analysis of Variance

Source P-
Value
Sample_Name 0.750
Panelist_Code 0.000
Session_Name 0.303
Sample_Name* 0.733
Sample_ Name™Ses ion_| Tﬁﬂ' 0.715
Panelist_ Code*Sessmn Name-. ﬁ:_EGH' FHDEE i 0.012
Error 40 7.201 0.1800
Total 107 169.687
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Model Summary

S R-sq R- R-
sq(adj) sq(pred)

0.424308 95.76% 88.65% 69.06%

Analysis of Variance — TX- Soft (crumbs)

Source DF AdjSS Adj MS F- P-

Value  Value
Sample_Name 5 0.660 0.1319 0.54 0.744
Panelist_Code 8 136.004 17.0005 69.74  0.000
Session_Name 1 0.120 0.1200 0.49 0.487
Sample_Name*Panelist_Code 40 15.584 0.3896 1.60 0.071
Sample_Name*Session_Name 5 1.879 0.3758 1.54 0.199
Panelist_Code*Sessiqn_Name 8 3.530 0.4412 1.81 0.104

Error

Total

Model Summary

S

0.493739
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Analysis of Variance — TX- Soft (bottom crust)

Analysis of Variance

Source DF AdjSS AdjMS F- P-
Value Value

Sample_Name 5 0.848 0.1696  0.38  0.857
Panelist_Code 8 188.443 23.5554 53.34 0.000
Session_Name 1 1.120 1.1204 254 0.119
Sample_Name*Panelist_Code 40 16.746 04186 095 0.567
Sample_Name*Session_Name 5 2.732 0.5464 1.24  0.310
Panelist_Code*Session_Name 8 13533 1.6916 3.83 0.002

Error 40 17.665  0.4416

Total 107 241.087

Model Summary

S R-sq

0.664545 92.6

Analysis of Variance

Source

Sample_Name
Panelist_Code
Session_Name

Sample_Name

Error
Total

P-
Value

40 6.422 0.1606
107 211.694

0.953
0.000
0.219
0.879
0.886
0.576
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Model Summary

S R-sq R-sg(adj)  R-sq(pred)

0.400688 96.97% 91.89% 77.88%

Analysis of Variance — Tx-Springy (crumbs)

Source DF AdjSS Adj F- P-
MS Value Value
Sample_Name 5 1.6341 0.3268 1.79 0.137
Panelist_Code 8 19.7613 2.4702 13.55 0.000
Session_Name 1 0.2315 0.2315 1.27 0.267
40 7.8943 0.1974 1.08 0.402

Sample_Name*Pane
Sample_Name*Sessi
Panelist_Code*Sessi

Error
Total

Model Summary

S R-sq

0.427032
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Analysis of Variance — TX-Dry

Source DF AdjSS Adj F- P-
MS Value Value

Sample_Name 5 5375 1.075 0.82 0.543
Panelist_Code 8  357.656 44.707 34.09 0.000
Session_Name 1 5.027 5.027 3.83 0.057
Sample_Name*Panelist_Code 40 51.189 1.280 0.98 0.531
Sample_Name*Session_Name 5 6.746 1.349 1.03 0.414
Panelist_Code*Session_Name 8 24.614 3.077 235 0.036

Error 40 52458 1311

Total 107 503.065

Model Summary

S R-sq

1.14519 89.57%

Analysis of Variance

Source F-Value P-
Value
Sample_Name 0. 0.823
Panelist_Code I 1975~ 1156.21  0.000
Session_Name .. "HTI PROC 3 0.510
sample_Name*Panelist Code ~~— ~d@==0:1220  0.00305  0.40 0.997
Sample_Name*Session_Name 5 0.0367 0.00733  0.97 0.446
Panelist_Code*Session_Name 8 0.0383 0.00479  0.64 0.743
Error 40 0.3017 0.00754
Total 107 70.2763
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Model Summary

S

R-sq R- R-
sq(adj) sq(pred)

0.0868428 99.57% 98.85% 96.87%

Analysis of Variance — AR-Nutmeg

Source DF AdjSS Adj F- P-
MS Value Value
Sample_Name 5 3.6789 0.7358 1.30 0.285
Panelist_Code 8 8.9417 1.1177 197 0.076

Session_Name
Sample_Name*Panel
Sample_Name*Sessi

Panelist_Code*Sessic

Error

Total

Model Summary

S

R-sg

0.753188 64.45%
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Analysis of Variance — AR-Burnt (bottom crust)

Source DF AdjSS Adj F- P-
MS Value Value

Sample_Name 5 2.0438  0.4088 229 0.063

Panelist_Code 8 2.6074  0.3259 1.83  0.100

Session_Name 1 0.3675 0.3675 2.06 0.159

Sample_Name*Panelist_Code 40 11.0070 0.2752 154  0.087

Sample_Name*Session_Name 5 1.6364 0.3273 184 0.128

Panelist_Code*Session_Name 8 1.1133 0.1392 0.78  0.622
Error 40 71278  0.1782

Total

Model Summary

S R-sq

0.422131 72.48%

Analysis of Variance

P-
Value

Source

Sample_Name 0.700

Panelist_Code I 99 0.080

Session_Name - 0.336

Sample_Name*Panelist Code ~~ —40~—0:5059 ~ 0.01265 0.66  0.903

Sample_Name*Session_Name 5 0.1007 0.02015 1.05 0.401
Panelist_Code*Session_Name 8 0.1452 0.01815 0.95 0.489
Error 40 0.7659  0.01915
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Total 107 63.7852

Model Summary

S R-sq R- R-
sq(adj) sq(pred)

0.138377 98.80% 96.79% 91.25%

Analysis of Variance — FL-Salty

Source DF AdjSS Adj F- P-

MS Value Value
Sample_Name 5 2.276 0.4553 1.25 0.305
Panelist_Code 0.100
Session_Name A7 0.111
Sample_Name*Panel .79 0.776
Sample_Name*Sessi 71 0.155
Panelist_Code*Sessi 0.105

Error

Total

Model Summary

S R-sq

0.00% ==

0.603658 181.02% (" ¥e49.22%

S—— -
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Analysis of Variance — FL-Sweet

Source DF AdjSS AdjMS F- P-
Value Value

Sample_Name 5 0.823 0.1647 233 0.060
Panelist_Code 8 117.362 14.6702 208.02 0.080
Session_Name 1 0.107 0.1070 1.52 0.225
Sample_Name*Panelist_Code 40 2.885 0.0721 1.02 0.472
Sample_Name*Session_Name 5 0.357 0.0715 1.01 0.422
Panelist_Code*Session_Name 8 1.735 0.2168 3.07 0.009

Error 40 2821 0.0705

Total

Model Summ

S

0.265562

Analysis of Variance —F

Source .Ej c

Sample_Name |
- .HL
Panelist_Code
Session_Name
Sample_Name*Panelist_Code
Sample_Name*Session_Name

Panelist_ Code*Session_Name

0.14815

0.11006
0.45237
0.09690
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Error 40 4.8448  0.12112
Total 107 15.5474

Model Summary

S R-sq R- R-
sq(adj) sq(pred)

0.348024 68.84% 16.64% 0.00%

Grouping Information Using the Tukey Method and 95% Confidence

Sample Name N Mean Grouping
MMYAB 18 0.355556 A
NKIMB 18 0.205556 A B
NGAHB 18 0.111111 A B
WAPPB 18 0.083333 A B
NLNAB 18 .
CWHTB 18

Analysis of Variance

Source

Sample_Name
Panelist_Code

Session_Name

Error

Total

Model Summary

S R-sq R- R-
sq(adj) sq(pred)
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0.776751 95.86% 88.94% 69.85%

Analysis of Variance — MF-Soft

Source DF AdjSS Adj F- P-
MS Value Value

Sample_Name 5 3.876 0.7752 0.68 0.642
Panelist_Code 8 137.289 17.1611 15.03 0.000
Session_Name 1 5.558 55579 4.87  0.033
40 51658 12915 1.13 0.349
Sample_Name*Panelist_Code
5 5.254 1.0508 0.92 0.478
Sample_Name*Session_Name
8 20.270 2.5337 222 0.046
Panelist_Code*Session_Name
Error 40 45.664 1.1416
Total 107 269.568

Model Summary

S R-sq

1.06845 83.06%

Analysis of Variance

Source

Sample_Name

Panelist_Code

Session_Name

Sample_Name*Pa

Sample_Name*rsion_TM..'.I 0.32 . 0.0651& 10.47 _.0.
Panelist Code*Session Name _SFM_ 010375 075  0.647
Error 40 5.5244 0.13811

Total 107 80.9641
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Model Summary

S R-sq R- R-
sq(adj) sq(pred)

0.371633 93.18% 81.75% 50.26%

Analysis of Variance — AF-Salivation

Source DF AdjSS Adj F- P-

MS Value Value
Sample_Name 5  0.9460 0.1892 0.95 0.457
Panelist_Code 8 40.3635 5.0454 2544  0.000
Session_Name 1 0.1712 0.1712 0.86 0.358
Sample_Name*Panelist_Code 40 8.9298 0.2232 1.13 0.355
Sample_Name*Session_Name 5 1.3482 0.2696 1.36 0.260
Panelist_Code*Sessic 1.87 0.093

Error

Total

Model Summary

S R-sg

0.445372 87.34%
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Appendix 11: Vitamin A Analysis using HPLC

Data File C:\Chem32\1\Data\VitaminA\170720 2020-07-17 69-i0-21\VitA0906066.D
Sample Name: SamE82

Acq. Operator : Crossby Osei Tutu Seq. Line ;: 6
Acq. Instrument : HPLC 1260 Location : 6
Injection Date : 7/17/2020 9:45:57 AM TRl

Inj Volume : 10.000 pl
Acqg. Method ¢ C:\Chem32\1\Data\VitaminA\170720 2020-07-17 09-10-21\VITAMIN A VWD.M
Last changed : 7/17/2020 9:10:22 AM by Crossby Osei Tutu :
Analysis Method : C:\Chem32\1\Data\VitaminA\170720 2020-07-17 ©9-10-21\VITAMIN A VWD.M
Sequence Method)
Last changed 1 7/17/2020 10:48:14 AM by Crossby Osei Tutu
modified after loadin

égdition§£

(

FLI
L
0.14 -

012
01
0.08

0.06

dodd——-1

3 min

Multiplie
Dilution
Do not use

.

Signal 1: FLD1 A, Ex=230, Em=460

RetTime Type Area Amt/Area Amount  Grp  Name

4.074 MM 9.2979%4e-1  33,12962  30.80373 Vitamin A

Totals : 30,80373
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Data File C:\Chem32\1\Data\VitaminA\170720 2020-07-17 69—1@—21\VitA6000005.D
Sample Name: SamEll

Acq. Operator : Crossby Osei Tutu A Seq. Line : 5
Acq. Instrument : HPLC 1260 Location : 5
Injection Date : 7/17/2020 9:39:02 AM < A

Inj Volume : 10.000 ul
C:\Chem32\1\Data\VitaminA\170720 2020-07-17 09-10- 21\VITAMIN A VWD.M
7/17/2020 9:10:22 AM by Crossby Osei Tutu
C:\Chem32\1\Data\VitaminA\170720 2020-07-17 ©9-10-21\VITAMIN A VWD.M (
Sequence Method)

Last changed 1 7/17/2020 10:48:14 AM by Crossby Osei Tutu
(modified after loading)
Addltlonal Info : Peak(s) manually integrated

Acg. Method
Last changed
Analysis Method

FLDT A, Ex=230, Em=460 (VitaminA\170720 2020-07-17 08-10- 21\\flA0000005 D)

Ly £ A
I ¢
014+ g &
6.
012 - a5
: 8
01-] \ =
i
0,08 |
o ]
0.06 - = ;r“”\\/P\ o ; \ / \
B e S LN /’/ \‘—k——.\_/ X S i DS ol

T T T T T T T T T T ™ S T T T T T

min

o e =y

min

Sorted By
Calib. Data Modi:
Multiplier
Dilution

Do not use Multi
Signal 1t FLD1 A

RetTime Type

4,086 MM

Totals :
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Data File C:\Chem32\1\Data\VitaminA\176720 2020-07-17 09-10-21\VitA000@ee7.D

Sample Name: SamE132

Acq. Operator
Acq. Instrument
Injection Date

Acq. Method
Last changed
Analysis Method

Last changed

Crossby Osei Tutu Seq. Line : 7
HPLC 1260 Location : 7
7/17/2020 9:52:55 AM Ihj 2 2§

Inj Volume : 10.000 pl

¢ C:\Chem32\1\Data\VitaminA\170720 2020-07-17 ©9-10-21\VITAMIN A VWD.M
: 7/17/2020 9:10:22 AM by Crossby Osei Tutu :

C:\Chem32\1\Data\VitaminA\170720 2020-07-17 09-10-21\VITAMIN A VWD.M (
Sequence Method)

1 7/17/2020 10:48:14 AM by Crossby Osei Tutu

Additional Info :

(modified after loading)
Peak(s) manually integrated

FLD1 A, Ex=230, Em=460 (VitaminA\170720 2020-07-17 08-10-21\VitAOC0D0007.D)

Vitamin-A
7
s
O

e
%_

4.063
e
e

[¢]
VWD1 A, W

Sorted By
Calib. Data Modi
Multiplier
Dilution

Do not use Multi
Signal 1: FLD1 A

RetTime Type

4,063 MM

Totals :

I =325 nm, TT (Vi

min

204



University of Ghana http://ugspace.ug.edu.gh

Data File C:\Chem32\1\Data\VitaminA\170720 2020-07-17 09-18-21\VitA@0@8008.D

Sample Name: SamE134

Acq. Operator

Acq. Instrument :

Injection Date

Acq. Method
Last changed

Analysis Method :

Last changed

Additional Info :

: Crossby Osei Tutu Seq. Line & 8

HPLC 1260 Location : 8

: 7/17/2020 9:59:54 AM Ings t
Inj Volume : 10.000 ul

¢ C:\Chem32\1\Data\VitaminA\170720 2020-07-17 ©9-10-21\VITAMIN A VWD.M

1 7/17/2020 9:10:22 AM by Crossby Osei Tutu
C:\Chem32\1\Data\VitaminA\170720 2020-07-17 09-10-21\VITAMIN A VWD.M (
Sequence Method)

1 7/17/2020 10:48:14 AM by Crossby Osei Tutu

(modified after loading)

Peak(s) manually integrated

FLD1 A, Ex=230, Em=460 (VitaminA\170720 2020-07-17 09-10-21\VitAOC00008.D)

LU <
5 = ":\Q.ﬂ/
0.16 .E N
b%ﬁ”
0.14 s
0421 18
0.1 ’
0.08 /\ | \
005 | iy 0 e o S R
e e e T N f ~ S e S et
O e e e : BT e
T —r—r T T -
0 2. 5 mint

Sorted By

Calib. Data Modi

Multiplier
Dilution
Do not use Mult

Signal 1: FLD1 A

RetTime Type

4,051 MM

Totals :

X AN 3
VWD1 A, Wavelength=325 nm, TT (VitaminA\170720 2020-07-17 09-10-21\VitAO000008.D)

B TRRSS
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Data File C:\Chem32\1\Data\VitaminA\17072@ 2020-07-17 09-16-21\VitA@000669.D
Sample Name: SamE1l45

Acq. Operator : Crossby Osei Tutu Seq. Line : 9
Acq. Instrument : HPLC 1260 Location : 9
Injection Date : 7/17/2020 10:06:51 AM A0 by & L

Inj Volume : 10.000 pl

Acq. Method $
Last changed g
Analysis Method :

C:\Chem32\1\Data\VvitaminA\170720 2020-07-17 09-10-21\VITAMIN A VWD.M
7/17/2020 9:10:22 AM by Crossby Osei Tutu ;
C:\Chem32\1\Data\VitaminA\176720 2020-07-17 ©9-10-21\VITAMIN A VWD.M (
Sequence Method)
7/17/2020 10:48:14 AM by Crossby Osei Tutu

(modified after loading)
Additional Info : Peak(s) manually integrated

Last changed

FLDT A, Ex=230, Em=460 (VitaminA\170720 2020-07-17 09-10-21\VitA0000009.D)
LU |

0.16
0.14 -
042
0.1 R
0.08 -

0.06 =

£

0,04

D 1 2 3
VWD1 A, Wavelength=325 nm, TT (VitaminA\170720 2020-07-17 08-10-21\VitA0000009.0)

Sorted By
Calib. Data Modi
Multiplier
Dilution

Do not use Multi
Signal 1: FLD1 A

RetTime Type

4,041 MM

Totals :

mi
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Data File C:\Chem32\1\Data\VitaminA\216728 2020-07-21 10-50-02\VitA0@@@603.D
Sample Name: Sam MM

Acq. Operator : Crossby Osei Tutu Seq. Line : 3
Acq. Instrument : HPLC 1260 Location : 3
Injection Date : 7/21/2020 11:04:50 AM T

Inj Volume : 10.0800 ul
Acq.” Method

C:\Chem32\1\Data\VitaminA\210720 2020-07-21 10-50-02\VITAMIN A VWD.M
Last changed 7/21/2020 10:50:03 AM by Crossby Osei Tutu Y
Analysis Method : C:\Chem32\1\Data\VitaminA\210720 2020-07-21 10-50-02\VITAMIN A VWD.M (
Sequence Method)
Last changed : 7/21/2020 11:58:51 AM by Crossby Osei Tutu
(modified after loading)
Additional Info : Peak(s) manually integrated

FLD1 A, Ex=230, Em=460 (VitaminA\210720 2020-07-21 10-50-02\VitAOD00003.D)

LU
0.09

H
ooaﬁ f\ /

0.07 -

|
/)

0.05 | ox NS

(e b et et Sl L ¢ S i T
- T = T T —r T T T T T T 1 T

5 - min

0 = 1 2 3
VWD1 A, Wavelength=325 nm, TT (VitaminAi210720 2020-07-21 10-50-02\VitA0000003.D)
mAU |

0.8

Sorted By
Calib. Data Modi
Multiplier
Dilution
Do not use Multi
Signal 1: FLD1 A

RetTime Type

2,722 MM

Totals :

207



University of Ghana http://ugspace.ug.edu.gh

Data File C:\Chem32\1\Data\VitaminA\210720 2020-07-21 10-5@-92\VitA0000006.D

Sample Name: Sam NAL

Acq. Operator
Acq. Instrument :
Injection Date

Acq. Method
Last changed
Analysis Method

Last changed

Additional Info :

: Crossby Osei Tutu Seq. Line : 6

HPLC 1260 Location : 6

1 7/21/2020 11:25:41 AM Eng g L
Inj Volume : 10.000 ul

: C:\Chem32\1\Data\VitaminA\210720 2020-07-21 10-50-02\VITAMIN A VWD,M
1 7/21/2020 10:50:03 AM by Crossby Osei Tutu ¥
: C:\Chem32\1\Data\VitaminA\210720 2020-67-21 10-50-82\VITAMIN A VWD.M (

Sequence Method)

: 7/21/2020 11:58:51 AM by Crossby Osei Tutu

(modified after loading)
Peak(s) manually integrated

LU ]
0.16

0.14
0,12

0.4
0.08 -]
0.06 |
0.04 4—-

FLD1 A, Ex=230, Em=460 (VitaminAl210720 2020-07-21 10-50-02\VitA0000006.D)

P

mAU 7

0.8
0.6
0.4

Sorted By
Calib. Data Modi
Multiplier
Dilution

Do not use Multi
Signal 1: FLD1 A

RetTime Type

2.728 MM

Totals :

208



University of Ghana http://ugspace.ug.edu.gh

Data File C:\Chem32\1\Data\VitaminA\210720 2020-07-21 IO-SQ-OZ\VitAOOOOGOS.D
Sample Name: Sam NAK

Acq. Operator : Crossby Osei Tutu Seq. Line : 5
Acq. Instrument : HPLC 1260 Lotation = &
Injection Date : 7/21/2020 11:18:44 AM Lngls sl
Inj Volume : 10.000 ul
Acq. Method : C:\Chem32\1\Data\VitaminA\210720 2020-07-21 10-50-02\VITAMIN A VWD.M
Last changed 1 7/21/2020 10:50:03 AM by Crossby Osei Tutu ;

Analysis Method : C:\Chem32\1\Data\VitaminA\210720 2020-087-21 10-50-02\VITAMIN A VWD.M (
Sequence Method)

Last changed 1 7/21/2020 11:58:51 AM by Crossby Osei Tutu
(modified after loading)

Add}zional Info : Peak(s) manually integrated
= FLD1 A, Ex=230, Em=460 (VitaminA\210720 2020-07-21 10-50-02\VitA0000005 D)

LU i

0.35

0.3

0.25 <
023 | >
| \ i

0.15 1o R

0.1 4 .2
¥ o

005 e e e T S S R

2 3 4 5 min

mAU _ "

5 min

Sorted By
Calib. Data Modi
Multiplier
Dilution

Do not use Multi

Signal 1: FLD1 A

RetTime Type
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Data File C:\Chem32\1\Data\VitaminA\210720 2020-07-21 10-56-02\VitA0000007.D
Sample Name: Sam NUT
Acq. Operator : Crossby Osei Tutu Seq. Line : 7
Acq. Instrument : HPLC 1260 Location : 74
Injection Date : 7/21/2020 11:32:38 AM Inj 3 1
Inj Volume : 10.000 pl
Acq. Method : C:\Chem32\1\Data\VitaminA\210720 2020-07-21 10-50-02\VITAMIN A VWD.M
Last changed : 7/21/2020 10:50:03 AM by Crossby Osei Tutu >
Analysis Method : C:\Chem32\1\Data\VitaminA\210720 2020-07-21 10-50-92\VITAMIN A VWD.M (
Sequence Method)
Last changed 1 7/21/2020 12:09:18 PM by Crossby Osei Tutu
(modified after loading)
Additional Info : Peak(s) manually integrated
[ FLD7 A, Ex=230, Em=460 (VitaminA\210720 2020-07-21 10-50-02\VitA0000007.D)
' Ly | f
0.1 Bl
0.09 i
0.08 | /
007 /
0.06 - /
0.05 .
(o765 R RS RE S S e e
T T T T T
3 4 5 mir
VWD1 A, Wavelength=325 nm, TT (VitaminA\210720 2020-07-21 10-50-02\VitA0000007.D)
mAU ] .
0.5 f
0.4 -
0.3
02
0.14
o ol ]
0.1
0.2 4
= 00 __min
Sorted By
Calib. Data Modi
Multiplier
Dilution

. signal 1: FLD1 A

Do not use Multif

RetTime Type

2.875 MM

Totals :
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Sample Name: Sam WP

Data File C:\Chem32\1\Data\VitaminA\210720 2020-07-21 16—59—02\VitA0600064.D

Acq. Operator
Acq. Instrument :
Injection Date :

Acq. Method 3
Last changed H
Analysis Method :

Last changed

Addlt;onal Info :

Crossby Osei Tutu Seq. Line : 4
HPLC 1260 Location : 4
7/21/2020 11:11:48 AM Enj s 4
Inj Volume : 10.000 ul
C:\Chem32\1\Data\VitaminA\210720 2020-07-21 10-50- eZ\VITAMIN A VWD.M

7/21/2020 10:50:03 AM by Crossby Osei Tutu
C:\Chem32\1\Data\VitaminA\210720 2020-07-21 10-50-02\VITAMIN A VWD.M (
Sequence Method)

7/21/2020 11:58:51 AM by Crossby Osei Tutu

(modified after loading)

Peak(s) manually integrated

FLD1 A, Ex=230. Em=460 (VitaminA\210720 2020-07-21 10-50-02\VitAOO00004.D)

LU

0.09 |
0.08
0.07 -
0.06
Qosé

0.04+4 -

o\
AV
i

NS ~
f2 I o SORE ¢ X

e B

T T T T T T T T . T T T T

mir

mAU |

Sorted By
Calib. Data Modi
Multiplier
Dilution

Do not use Multi
Signal 1: FLD1 A

RetTime Type

2,722 MM

Totals :
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Data File C:\Chem32\1\Data\VitaminA\176720 2020-087-17 09-10-21\VitAG0@0010.D

Sample Name: SamIRS

Acq. Operator 4
Acq. Instrument
Injection Date

Acq: Method
Last changed
Analysis Method

Last changed

Additional Info :

Crossby Osei Tutu Seq. Line : 10

: HPLC 1260 Location : 2

1 7/17/2020 10:13:50 AM I RS
Inj Volume : 10.000 ul

C:\Chem32\1\Data\VitaminA\170720 2020-07-17 ©9-10-21\VITAMIN A VWD.M
7/17/2020 9:10:22 AM by Crossby Osei Tutu 5
C:\Chem32\1\Data\VitaminA\170720 2020-07-17 ©9-10-21\VITAMIN A VWD.M (
Sequence Method)

7/17/2020 10:48:14 AM by Crossby Osei Tutu

(modified after loading)

Peak(s) manually integrated

LU

0.05 -

0.048 -|

0.046

0.044

0.042

FLD1 A, Ex=230, Em=460 (VitaminA\170720 2020-07-17 09-10-21\VitAO000010.D)

%

Ao
s "‘""tg VitaminA
%,
%,
.

mAU |

Sorted By

Calib. Data Modi
Multiplier
Dilution

Do not use Multi

Signal 1: FLD1 A

RetTime Type
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Appendix HI: Visco-Amylograph of Flours

BRABENDER VISCOGRAPH E (USB)

Version 2.4.11
Parameter
Crpeer mtor : CROSS5HY D ate : 241020
Sample : G 1 Method : Caorrecied
Mosure : 799 [ Caorrection : 0 [%]
‘Sample weight : 40 [gl Car. to0% : 434 [qal
Water : 420 [mi] Car. to 0% : 4188 [mi]
MNaote :
Naote
Speed : T8 [1/min] Mess. rangs : 700 [oemg]
Start empersture 80 [*C] Heat/Cool. rate : 30 [*Cimin]
Max Eemperatre @€ [*1C] Upp. hold. time : 15 [min]
End Emperature 88 [1C] Fin. hold. time : 15 [min]
MEASURIN G RANGE : 700 [cmg]
1000 N = = 100
500 /" \ 80
8OO B0
TO0- r T0
- ?
600+ r &0
2 @
g 500 50 E
=
'E 400 - L 40 A
300+ r30 E
200+ 20
100+ 10
o o
0.0 0.0
Esaluation = ik
Point Ma 3 F Tirne: T Temperature
*c1
A : 52
B Tl W 893
C Star ;14 5
D Start 1 BAY
E End &r4
E End of LaE: i 549
B-D Br eak dow!
E-D

File : Measurement
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Appendix 1V: Power Law Model Plots

Nutsugah
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Appendix V: LC/MS Summary Report for Amino Acids Profile of FPF

Quantitative Analysis Results Summary Report # Agilont Technologes
Batch Path D:\ForAgilentServiceProfessionalsOnly\office15\office\data\15.0.4420.1017\std\20200058\QuantResults\1.batch.bin
Analysis Time 7/7/2020 4:54:32 PM Analyst Name Crossby Osei Tutu
Report Time 7/7/2020 4:54:46 PM Reporter Name Crossby Osei Tutu
Last Calib Update 7/7/2020 4:54:32 PM Batch State Processed
Quant Batch Version B.07.00 Quant Report Version B.07.00
Sequence Table
Data File sample Name Sample Type Position Inj Vol Level Acq Method File
10PPB AMINO ACID STANDARD.d 10PPB AMINO ACID STANDARD Calibration P1-F9 0.05 L1 MV3 trial.m
20PPB AMINO ACID STANDARD.d 20PPB AMINO ACID STANDARD Calibration P1-F9 0.1 L2 MV3 trial.m
50PPB AMINO ACID STANDARD.d 50PPB AMINO ACID STANDARD Calibration P1-F9 0.25 13 MV3 trial.m
100PPB AMINO ACID STANDARD.d 100PPB AMINO ACID Calibration P1-F9 0.5 L4 MV3 trial.m

STANDARD
200PPB AMINO ACID STANDARD.d 200PPB AMINO ACID Calibration P1-F9 1 LS MV3 trial.m
STANDARD
Blank1.d Blank Blank Vial 1 -1 MV3 trial.m
1d MANGA MEYA Sample P1-E1 -1 MV3 trial.m
2d WAAPP PIESA Sample P1-E2 -1 MV3 trial.m
3d E134 Sample P1-E3 -1 MV3 trial.m
4.d NA KIM TIER Sample P1-E4 -1 MV3 trial.m
5.d E82 Sample Vial 1 -1 MV3 trial.m
6.d E111 Sample P1-E1 -1 MV3 trial.m
7d E132 Sample P1-E2 -1 MV3 trial.m
8.d E145 Sample P1-E3 -1 MV3 trial.m
9.d NA LAANA Sample P1-E4 -1 MV3 trial.m
10.d P P MV3 trial.m
Quantitation Results
Compound: L-L
Data File Exp. Conc’ Accuracy |
10PPB AMINO ACID STANDARD.d 10.0000 123.70
20PPB AMINO ACID STANDARD.d 10.0000 89.15
50PPB AMINO ACID STANDARD.d 10.0000 98.13
100PPB AMINO ACID STANDARD.d 10.0000 100.80
200PPB AMINO ACID STANDARD.d 10.0000 99.97
Blank1.d 10.0000
1d 10.0000
2d 10.0000:
3.d 10.0000
4.d 10.0000
5.d 10.0000
6.d 10.0000
7d 10.0000
8.d 10.0000
Generated at 4:54 PM on 7/7/2020
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Appendix VI: SEM Export Report for FPB

16,882 counts in 30 seconds
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Appendix VII: Texture Profile Analysis of FPB

Force (g} 2 3 4 5 3
i
1 «Hardness

55

450

EL

250

Il
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