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Abstract
This research was conducted with the aim of effect of roasting parameters on the quality of
cashew kernel with better moisture content and investigating the roasting process to decrease
the overall moisture. Roasted cashew kernel was conducted to prevent moisture during the
roasting process. The use of in appropriate temperature-time combination during roasting nuts
could lead to quality defects. Such as burnt taste, dark colour and poor ﬂavour. In this study was
to determine the effect roasting temperature (120-160°C) and time (25-45 min) on consumer
acceptability and moisture content of both roasted cashew kernel and unroasted cashew-kernel
using completely randomized design. The proximate compositions (moisture content, crude
protein, fat, ash, crude fiber and carbohydrate) of roasted cashew nuts were determine. The fatty
acid profile (saturated, polyunsaturated and mono unsaturated) fatty acid of roasted cashew
kernel also determined Cashew nuts, subjected to low-temperature (LT), medium- temperature
and high-temperature (HT) treatments, were utilized. Proper roasting is critical to flavor, color,
and development in the final product. The analyses were carried out on the raw sample (which
served as the control) and the other samples which were roasted at various temperatures. The
results showed that roasting temperatures have a great effect on the nutritional quality of cashew
nut and roasting temperature of 1400C proved to be the best for roasting cashew nut.

Keywords: Roasting temperature, fatty acid profile, quality attributes, Gas Chromatography,
Spectrophotometry.
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CHAPTER ONE
1. Introduction

1.1. Background
Cashew nut (anacardium occidentalelinn.) is widely cultivated across the coastal regions of the
tropics and is known to have great utility value. The fruits, the leaves, the bark, the wood and the
roots have all been reported to be of valuable commercial uses for food, medicine, industry and
environment. The three main cashew products traded in the international market. These are; raw
cashew nuts, cashew kernels and cashew nut shell liquid. Cashew kernel is broadly consumed as
roasted, fried, salted or sugared snacks, as a material for confectionery, bakery products and as a
food ingredient .Because it contains vital minerals that are seldom found in daily diets(Info
2014).
Cashew seeds have no dormancy. They remain sustainability for one year if dried to 9% moisture
content and stored properly. The kernels rank third after almonds and hazelnuts in the
international trade of tree nuts. The kernels constitute a helpful export product for confectionery
and dessert purposes. A food that has passed its shelf life is still safe, but optimal quality is no
longer guaranteed. Shelf life is most influenced by several factors: exposure to light and heat,
transmission of gases including humidity, mechanical stresses, and contamination by such things
as micro- organisms. Product quality is often mathematically modeled around a single parameter
(concentration of a chemical; compound, a microbiological index, or a physical parameter),
though this approach can miss relevancy. Preservatives and antioxidants may be incorporated
into some food and drug products to extend their shelf life (Irtwange 2017).
Cashew nut (anacardium occidentalelinn.) is one of the enshrine edible nuts in the world; others
include almond, pistachio, peanut, hazelnut, and walnut(Ogunsina and Bamgboye 2014).Cashew
belongs to the family of a tropical evergreen tree, scientifically referred to as Anacardiaceous. Its
English name derives from the Portuguese name for the fruit of the cashew tree, acajou, which in
turn derives from the indigenous Tupi name, acajou. The name Anacardium actually apply to the
shape of the fruit, which looks like an inverted heart (ana means "upwards" and cardium
1

means "heart")(Journal and Scientific 2016). The cashew nut is a famous snack, and its rich
flavor means that it is often eaten roasted on its own, lightly salted or sugared, or covered in
chocolate. Roasting can enhance flavor through caramelization on the surface of the food.
Cashew nut surplus of Nigeria is more than 50,000 tons per year which has a significant negative
impact on Nigeria economy. Cashew nut is the main product traded in international market and is
widely consumed as roasted, fried, salted or sugared snacks, as material for confectionery,
bakery products and as a food ingredient(Cashew et al. 2018).The final quality of roasted cashew
nut is influenced by the design of the roaster and time-temperature profile used. Roasting is the
most important steps in cashew nut processing, improvement of roasting process will contribute
to advance of processed cashew nut products. Temperature and time of roasting are two of the
main factors that affect industrial roasting process which affect the drying, heat transfer rate and
physico-chemical changes that occur protein and carbohydrate.
Cashew (Anacardium occidental L), is a multi-function crop, is native to Brazil and has been
spread to other parts of tropical South and Central America, Asia and Africa. Until the 1980s, the
trend of RCN production showed gradual and continuous growth with India being the major
cashew producer. India, Mozambique, Tanzania, Brazil, and Cote d'Ivoire were the only
producers of RCN up to mid of the 1970s of which African countries, specially, Mozambique
and Tanzania shared the majority (68 percent) of global cashew production (Tola and Mazengia
2019).Hence, to fill the raw material supply gap in their processing industry, they import 90% of
the total cashew nut production in Africa. In addition, the rising purchasing power of emerging
economies, which traditionally use cashew as an ingredient in many foods, also increases its
demand on the international market. Africa's closeness to the U.S.A and Europe, the world's
largest markets for cashew products, is another important advantage.
Thus, there is an increasing demand for cashew production expansion in Africa from the cashew
sector recently. There is encouraging progress in Western Africa as it is given due attention by
the government and external supporters. Nevertheless, in many non-cashew growing countries,
the emphasis given for the crop production development is insufficient while there is a huge
potential. For instance, in Ethiopia, the crop is not yet introduced to farmers and its research
(revision and maintenance activities) was started recently (2013) only at one of the national
research centers – i.e. Pawe Agricultural Research Center (PARC) with limited technical and
2

financial support. PARC is one of the 17 research centers of Ethiopian Institute of Agricultural
Research (EIAR) located at 11°19'N and 36°24'E. The crop performance at the center was
observed incredible with nut yield performance up to 3.81 kg/tree from five year young cashew
tree (PARC, unpublished) . This crop is also hardly known in the other parts of the country. This
story is quite similar with the experience of Tanzania, Mozambique, and Kenya though there is a
change in recent time. In general, there is a huge gap of understanding about the importance of
cashew from both the government and producers side in Africa in general and in Ethiopia in
particular (Tola and Mazengia 2019).
Cashew nuts are common appetizers, like pea nuts and pistachio nuts. They are also used in the
food industry, and as an ingredient in different confectionery products. The cashew nut kernels
have good nutritional values to human beings. They are a rich source of vitamins (A, D and E),
fats (46.5 %) and proteins (17.8 %). Besides, they contain some extent important amounts of
minerals like calcium (504.0 mg/kg), iron 90.8 mg/kg), zinc (31.3 mg/kg), copper (16.4 mg/kg),
potassium (5600 mg/kg), phosphorus (4600 mg/kg), magnesium (2400 mg/kg).
Cashew nuts are universally eaten for their favored sensory characteristics as well as health
benefits. They are heated by boiling or roasting to facilitate shelling, which is the biggest
retardant in processing because of the uneven shape of cashew nuts and the presence of caustic
liquid within the shell. Roasting is one of the most popular methods of cashew nut thermal
processing. It aims at the improvement of sensory properties through the change of colour,
developing characteristic taste and flavor substances, as well as improving nut texture(Kita and
Figiel 2007).
Roasting is the most important step in developing cashew aroma and it accelerates chemical
reactions such as the Mallard reaction and degradation of lipids to generate a pleasant color and
aroma. Various reactions are responsible for roasted aroma: the Mallard reaction between amino
acids and sugars, lipid degradation (thermal and oxidative), thermal degradation of sugars and
ascorbic acid and non-enzymatic lipid-protein browning(Anon 2012).

3

1.2. Statement of Problem

Nuts played an important task in diets of many cultures and civilizations for centuries due to its
high energy and nutritional value as well as its huge class of flavors and unique taste.
Furthermore, consumption of tree nuts had been linked with several health benefits during the
most recent years due to its particular nutritional composition. So, cashew nuts one of the type of
nuts it contains essential nutrients such as protein, fat and definite amounts of minerals, and it is
rich in essential unsaturated fatty acid that is beneficial to both the heart and arteries; and hence,
prevents arteriosclerosis formation and hypertension(Son et al. 2017). Roasted cashew nuts
without any additives or with spices, have become popular snacks. They constitute a valuable
raw material in the industries like confectionery, bakery and others. However, Ethiopian grown
cashew nuts product utilization pattern as a snack and other purposes is limited. Therefore, the
overall advantage of the current research is to provide scientific information in order to exploit
cashew nut cultivars through processing. The newly introduced cashew nut cultivars which were
grown in Pawe agricultural research center require critical scientific information on value
addition and quality characterization beyond its agricultural practices. In a nutshell the present
research can give base line information to breeders in order to release these cultivars to small
scale farmers and investors who are mainly engaged in agro processing. Furthermore, these
research findings also can be used as a spring board for the cashew nut processors in the new
futures which can be contributed as import substitution.

4

1.3. Objectives
1.3.1. General objective
 The main objective of this study was to investigate the effect of roasting parameters on
the quality of cashew nut grown in Ethiopia
1.3.2 Specific objectives
 To evaluate the proximate analysis of cashew kernel.
 To investigate the fatty acid profile of the roasting cashew kernel
 Optimize the process parameter (roasting temperatures and time) for the cashew kernel
 To study the sensory analysis of cashew kernel

1.4. Significance of the Study

Nowadays, the world population is expanding with the requirements for high levels of food
safety, quality, and variety. Cashew kernel is made from process cashew nut that most of the
people use as becomes popular snacks. Therefore, in order to fulfill such consumer demands
manufacturers are expected to produce products with good quality and safety to increase their
product availability and competitiveness by the complete control of the production process of
cashew kernel. The study was believed to be significant in that it can give a direction to
increase awareness on the benefits of process cashew kernel in Ethiopia. This research also
believed to increase the offseason availability of these seed. Process cashew kernel products
are largely unknown in Ethiopia. The research has a great contribution to manufactures it is
inside the gap that exists in the Ethiopian Supermarket in the process cashew kernel. This
study also has a great contribution in terms of optimizing of cashew kernel by eliminate
deterioration during processing preventing health risks caused by high levels of temperature
in roasted cashew kernel and Keep cashew nut safe and fresh to eat for longer period and
improved food security and availability of cashew kernel in the country.

5

1.5. Scope of the Study
The thesis work generally spread the production of process cashew kernel and also private the
fatty acid profile, proximate and sensory aspects of the produced cashew nut production of
laboratory prepared cashew kernel. In addition, this work covers investigation of factors
affecting the roasted cashew kernel (i.e. roasting temperature and time).
1.6. Research questions
The study aimed to answer the research question,
Does process cashew nut could enhance acceptability and nutritional quality of cashew
kernel?
Does roasting parameter is affect the quality of cashew kernel?
Which roasting variables mostly affect the roasting time and nutritional quality of the
cashew kernel?
Does moisture content affect the roasting time of the quality of cashew kernel?
Does temperatures are affecting the Fatty acids composition?
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Chapter Two
2. Literature Review
2.1. Overview of cashew nut production and marketing
2.1.1. Global Overview of Cashew nut production and marketing

About 85 per cent of the global cashew kernels output in 2012 was produced by India (52 per
cent), Vietnam (26 per cent) and Brazil (7 per cent). The position of the major cashew kernel
manufacturing countries changed rapidly since 2011. As stated to information provided by
Ranged, while Indian production was practically stagnant and the Brazilian output decreased by
25 per cent over the period 2011 to 2013.Production increased considerably in Vietnam (28 per
cent over the 3 years’ period) and more than doubled in the West African region, in particular in
Côte d’Ivoire and Ghana. Although far behind the three leading cashew kernel producers (India,
Vietnam and Brazil), Côte d’Ivoire is at present the fourth largest cashew kernel producer in the
world(Overview n.d.).
2.1.1.1. Global cashew kernel consumption
The global cashew kernel consumption is estimated to have increased by an average of 7 per cent
per year over the first decade of this century .Since 2009, the reduction of using up in Europe
and the United States triggered mainly by price volatility with sharp increases, and the relative
stagnation of the global cashew production triggered a slowdown in the growth of the global
cashew market(Overview n.d.)
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Figure 1: Global cashew kernel consumption 2012 (Total 550 000 tons)
Source (Overview n.d.)

2.2. The Components of Cashew Trees
The most important product of cashew tree is considered to be the nut, which is the true fruit
and it grows on a fleshy peduncle usually called the apple and also referred to as a false fruitthe
apple looks completely different from the nut
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Figure 2: Cashew nut leaves, apple and nut

2.2.1. Nut
2.2.1.1 Components.
The nut is made up o f a pericarp, testa and kernel. The pericarp consists of an epicarp, meso
carp and an endocarp which make up the shell. The outer layer of the shell is called the epicarp.
The mesocarp is a honey comb structure whose cells secrete natural resins commercially called
the cashew nut shell liquid (CNSL). W within the mesocarp is an inner shell (endocarp) which is
hard and brittle and protects the kernel from the natural resin. The whole shell complex is called
the husk and represents about 65-70% of total weight of the nut. The thin membrane covering the
kernel is called the testa.

9

Figure 3: Longitudinal Section of the Cashew Nut
source (Science 2000)

2.2.1. 2.Physical Characteristics
The cashew nut is obliquely kidney shaped and compressed. It is greenish to pinkish brown
in colour depending on the state of maturity as well as dryness .The size and shape of the cashew
nut as well as the percentage of its components. average weight of nut to vary from 3-5g and 1528g according to the variety and cultivation conditions. Investigated cashew nut samples from
nine different countries and found average weight varying from 3.6-5.4g. In Ghana, average nut
count

per

kilogram

across

the

production

districts

to

be

180.

There

may

however be greater variability in solitary trees .Kernel percentage is the most important quality
indices of nuts, this is because the kernel is the most valuable part of nuts and processing
industries pay for nuts by total weight. Any small difference in kernel (Science 2000). Tanzania
cashew nutsand found that the average kernel percentage was approximately 29% and varies
between 23 to 43%.
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2.2.1. 3.Chemical composition
The chemical characteristics of cashew nuts is greatly influenced by the growing conditions,
variety, differences in analytical methods .wide variations in the protein content of cashew nuts
ranging from 13.13 to 25.03% in different regions in India. the protein content of the nuts was
also found to be 12.85%. average reducing sugars in the kernel to be 1.3-5.8% and total sugars to
range from 2.4-8.7%. Starch content ranged from4.6-11.2% and fat content varied from 34.546.8%. It is also considered as a good source of some minerals such as calcium, phosphorus and
iron generally, cashew nuts are rich in oleic acid and have a good level of linoleic acid. They
produce about half its weight in edible oil but no evidence of it being commercially used. The
cashew apple (the pseudo-fruit) which is attached to the nut and has a sour and astringent taste
unless it is fully ripe, when it becomes edible. Cashew apple juice contains high amount of
vitamin C (203.5 mg/100 ml) which is five times more than in an orange. The apple is also a
good source of calcium and iron. Cashew apple juice can be extracted. It has a pleasant flavor
and is rich in vitamin C, but has little acceptance because of its astringency. However, the
clarified cashew apple juice has greater acceptance because of its low astringency (Anon 2012).

Figure 4: Cross section of a cashew fruit
source(Judge 2001)
11

2.3. Cashew Nut quality
Nut quality is a key concern to the cashew nut processing industry. High quality nuts are those
that have a moisture level of less than or equal to 8-10% and do not have any indication of pest
or insect damage. Furthermore, it is desirable that the kernel recovery be at least 25% for the
crop to be considered of good quality. Several tests have been designed to evaluate raw cashew
nut quality and maturity including the floating test, cutting test, count test, and moisture content
test(Under n.d.).In the count test, the number of nuts per kg of raw nut can indicate quality. The
higher the nut count, the smaller the kernel size, and the lower the quality. Raw nuts are typically
8-10% moisture. Raw nuts containing greater than 10% moisture may indicate signs of low
harvest quality(Under n.d.).
2.3.1 Nutritional qualities of cashew kernel
The cashew nut is a nutritionally dense and highly concentrated form of energy and the nuts
consist on average of 46% fat, 25% carbohydrates, and 21% protein, however, it has been noted
that variety and growing conditions can play a role in nutrient ratios(Under n.d.).In cashewproducing countries, the nuts are considered one of the products preferred by a large number of
the people. 60% of cashew nuts are used in the form of snacks while the remaining 40% are
consumed in confectionery(Anon 2012). In cashew-producing countries, the nuts are considered
one of the products preferred by a large number of the people. 60% of cashew nuts are used in
the form of snacks while the remaining 40% are consumed in confectionery. They are often
consumed in three ways: directly by the consumer; as roasted and salted nuts and in
confectionery and bakery products such as in the production of sweets, ice creams, cakes and
chocolates, and as paste to spread on bread. Recently, they have been used as edible nuts by
consumers interested in quality and health aspects of food because of the presence of valuable
levels of lipids, proteins and carbohydrates.
2.3.1. 1. Grades and quality specifications for cashew kernels
The quality of kernels is more important than their price for accessing the global market.
Western buyers are more and more restrictive, requesting certifications from recognised sources
proving the commitment of their cashew suppliers to consistently high quality and safety
standards.
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Some of the typical technical requirements for cashew kernels traded in the various parts
 The kernels should be dry and have the characteristic shape. Depending on their grade,
they can be either scorched or non-scorched, wholes or broken, but they should always be
free from CNSL and the testa.
 They should be totally exempt of living insects, moulds, rodent contamination and insect
damage.
 They should have a natural smell with no rancid or unusual flavors.
 Their moisture content should not exceed 5 per cent.

2.4. Cashew nut Products and Uses of cashew
The use of raw cashew kernels, i.e. simply decorticated, is most common in Asian countries for
cooking purposes. Consumption is expected to grow for culinary and confectionary applications,
already most common in India, Pakistan, and Vietnam, other South East Asian countries and
Brazil (main ingredient in sweets).
Elsewhere, the bulk of cashew kernels are consumed as snacks roasted, salted, honey or spicecoated. Strongly promoted and already popular as drink snacks, cashew kernels alone or part of
trail mixes are appealing to affluent consumers as fashionable and healthy eating products. It is
estimated that about 80 per cent of cashew kernels are consumed as snacks. Whole nuts and large
pieces are the grades preferred for this use, mainly WW320, WW450 and WW240. Consumption
of kernels as snacks is on the rise among the middle, upper-middle and high-income groups.
However, cashew too high prices in comparison with competing almond or pistachio nuts have a
negative impact on consumption, as Raw or roasted cashew kernels are also used in USA and
some Asian and African countries for the manufacture of cashew butter, which is also an
alternative to peanut butter for those who are allergic to peanuts.
The use of cashew kernels in the confectionary sector, for the manufacture of sweets and
chocolates, is more developed in India, South East Asia and Brazil, but has not yet taken off in
Europe or Japan. This consumption is regional and unlikely to grow outside those particular
regions. All grades could be used in confectionary, with the exception of Western Europe where
Broken are not popular. Although bakery offers a considerable market for nuts including cashew
13

kernels, cashews has not made inroads into this sector with the exception of India and the US to
a limited extent (cookies and brittles). Small cashew Pieces could develop a market in bakery,
but they are usually considered as a sale off in comparison with blanched, sliced or diced
almonds, hazelnuts, walnuts and pecans. Bakery industry tried to popularize the use of cashew
when almonds and hazelnuts prices are high, but considered that its flavor does not go well with
bakery products and their use is made more difficult by the fact that they are not they can be
replaced for this use either by other edible nuts or by other types of snacks(Overview n.d.). In
cashew-producing countries, the nuts are considered one of the products preferred by a large
number of the people. 60% of cashew nuts are used in the form of snacks while the remaining
40% are consumed in confectionery(Anon 2012).
In cashew-producing countries, the nuts are considered one of the products preferred by a large
number of the people. 60% of cashew nuts are used in the form of snacks while the remaining
40% are consumed in confectionery. They are often consumed in three ways: directly by the
consumer; as roasted and salted nuts and in confectionery and bakery products such as in the
production of sweets, ice creams, cakes and chocolates, and as paste to spread on bread.
Recently, they have been used as edible nuts by consumers interested in quality and health
aspects of food because of the presence of valuable levels of lipids, proteins and carbohydrates.

2.5. Nut Consumption and Human Health
cashews contain many health promoting compounds ranging from unsaturated fatty acids,
phytosterols, phenolic, plant protein, and tocopherols. As such, there is epidemiological and
clinical data to support the belief that frequent consumption of nuts may reduce the risk of
coronary heart disease (CHD), cancer and other inflammatory diseases.
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Figure 5: Importance of Cashew nut
2.5.1. Fruit processing methods

The objectives of postharvest technology applications are to maintain quality in terms of
appearance, texture, flavor and nutritive value, to maintain food safety and also to reduce losses
along the supply chain (between harvest and consumption).
Fruit processing has three major aims.
I. To make fruit safe (microbiologically & chemically).
II. To provide good quality products with good flavor, color, texture and taste.
III. To make convenient fruits products.
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Figure 6: Cashew nuts after detachment from apple and before shelling and roasting
Source (Under n.d.)

The major steps in Cashew nut processing
There are generally five steps involving a number of operations that should be used during the
processing of cashew nuts and are essential to improve the desired quality of cashews. The main
steps in processing of cashew nuts are:
A. Cleaning, sizing and conditioning
The first processing operation is the removal of foreign matter and dirt from the nuts. The nuts
are collected from the ground after falling from the trees. Apples are removed along with other
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foreign matter. At the simplest level, the nuts can be sieved by hand using a three-quarter inch
(20 mm) mesh sieve to remove dust and dirt. The cleaned nuts are then conditioned in
preparation for removal of the shell. Conditioning increases the brittleness of the shell and
thereby facilitates its removal.
B. Soaking or conditioning
The nuts are soaked in water in order to avoid scorching during the roasting operation.
Conditioning is carried out in order to prepare for removal of the CSNL. In small-scale
operations, after cleaning, the nuts are placed in a large open drum (180 to 220 litres/40 to 45
gallons). Water is poured into the drum and the nuts are allowed to stand for ten minutes prior to
draining off the water through a hole in the base of the drum. The dampened nuts are then
allowed to stand in order to absorb the adhering water. This soaking and conditioning operation
is repeated up to three or four times until moisture content of nine percent is attained. On a
slightly larger scale, in the processing of 2 to 10 tons per day for example, a simple cleaning and
conditioning system can be set up.
C. Roasting
Roasting is some thermal reactions in the foods such as the Mallard reaction and degradation of
lipids. it also provides a pleasant color and aroma. The optimum roasting time used in industry is
mainly based on the characteristics of the heat transfer of the roaster. Roasting can cause
brittleness of the shell, loosening of the kernel within the shell and release of the CNSL from the
shell. Soaking increases, the moisture content of the kernel as well as decreasing the risk of it
being burned during roasting and increasing its flexibility to make it less likely to crack (AzamAli and others 2004).
D. Shelling
Shelling or removal of the outer shell and CNSL is done to produce clean, whole kernels
without cracks. Shelling is presently the greatest processing problem of cashew nuts. The
difficulties in shelling cashew nuts are due to the irregular shape of the nut, presence of
CNSL in the outer shell, and the CNSL within the shell must not be allowed to wet the kernel
during its removal from the shell. Shelling can be performed by roasting or soaking.
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E. Drying
Drying is a step prior to peeling of the shell and leads to a decrease of the nutssize. It allows the
testa to be easily removed. The moisture content of the kernel should bereduced about 6 to 3%
by drying.
F. Peeling
Manual peeling or removal of the testa can be carefully performed by gently rubbing with the
fingers or using a knife without any cutting or damage during the process. The use of knives
increases the numbers of the nuts becoming damaged, but it removes all of the testa (Azam-Ali
and others 2004).
G. Grading of Different Sizes and Color According to Standard Grading Cashews
Cashews are categorized for export based on size, color and condition of the nuts. The grading
system is known as the American Standard. The grading is divided into three groups: white
whole such as super large (120 and 180 nuts per lb), white pieces such as baby bits (Very small
pieces of kernel which are white in color) and scorched grades such as Butts (Butts that have
been scorched) (Azam-Ali and others 2004)
H. Packaging
The general packaging for the export of nuts is air-tight cans of 25lbs (11.34 kg) weight capacity.
The package should be low cost and impermeable to protect the cashew nuts from rancidity. The
air must be removed from the can and substituted with carbon dioxide (CO2) because it will not
support the growth of any infestation The use of suitable packaging materials, selection of good
quality raw materials and good processing conditions of temperature and time of heating will
prevent contaminating materials such as dirt, metal and stones from mixing with the nuts and
protect the nuts after processing
2.5.2. Physicochemical characteristics of cashew kernel

Chromatography refers to the set of techniques used to separate mixtures. The method operates
on the principle that components of mixtures separate into two immiscible phases based on their
individual equilibrium distributions in chromatography, the two immiscible phases are the
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mobile phase and the stationary phase. Laboratory based chromatography methods were initially
developed in the early 20th century and included methods such as absorption chromatography,
partition chromatography, and paper chromatography (Under n.d.). High performance liquid
chromatography (HPLC) was not developed until the 1960s. HPLC is used for the analysis of
compounds that are soluble in a liquid that can serve as the mobile phase for the instrument
(Under n.d.) The mobile phase in HPLC is typically a nonpolar solvent in normal phase
chromatography or a polar solvent in reverse phase chromatography The stationary phase in
HPLC is the column through which the mobile phase and analyses travel. It can be a solid or a
liquid that is adsorbed onto a solid.
A) Gas Chromatography
Gas chromatography (GC) can be used for many types of analyses, including but not limited to,
fatty acids, triglycerides, sterols, sugars, amino acids, vitamins, and flavor compounds It has
been estimated that several thousand research articles have employed GC methods for analysis.
Gas chromatography was first used in the 1950s and is categorized as a form of partition
chromatography. To date, is the most widely used method of chromatographic separation of
volatile compounds(Under n.d.)In GC analysis, the column acts as the stationary phase (a liquid)
and the mobile phase, which passes through the column, is a gas. The stationary phase is
typically contained in a rigid sort of tube of variable dimensions. Pressure is used to force the
mobile phase through the stationary phase, thus achieving chemical separation. Typical mobile
phases used in GC analysis are inert gases such as hydrogen, nitrogen, and carbon dioxide.
Stationary phases used in GC have varied throughout time. They are typically selected with
specific criteria in mind. It is desirable for the liquid to have a wide temperature operating range,
be non-reactive, have low vapor pressure, and exhibit excellent coating characteristics(Under
n.d.).
B) Spectrophotometry
Spectroscopy is one of the most common analytical techniques used in chemicalanalysis. A
spectrophotometer is an instrument that measures the amount of UV-Vis light absorbed by a
material. The interaction of the light from the spectrophotometer and the material depends on the
physical properties of the material. The strength of interaction can be used to measure physical
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properties of the material (Under n.d.). In chemical analyses, spectrophotometry is particularly
useful for measuring unknown concentrations of the sample material. In practice, a beam of light
is passed through a solution containing the analyses in question and quantified by a detector. The
result is compared to a reference sample in order to determine the unknown analytic
concentration (Under n.d.).
2.5.3. Determination of Fatty Acid Profiles Fatty

Fatty acids were determined in the expressed cashew oil as methyl esters in accordance with the
method outlined in Bannon et al. 1982. Using the oil extracted from the Carver Laboratory press,
0.020-0.040 gram amounts were weighed out into screw capped tubes in triplicate. 1 mL of 0.5
M methanolic sodium hydroxide was added to each tube. The methanol sodium hydroxide was
prepared by weighing 20.0 g of potassium hydroxide (Thermo Fisher Scientific, Waltham, MA)
into a 1000mL volumetric flask, filling halfway with methanol (Thermo Fisher Scientific,
Waltham, MA), and stirring mechanically until fully dissolved. The solution was then diluted to
the 1000 mL mark with methanol and stored in a screw-capped plastic bottle. After the addition
of methanol sodium hydroxide, the tubes were capped and heated in a water bath set at 80-85ºC
for 5 minutes.
After the heating, the tubes were allowed to cool at room temperature before 1 mL of 14% boron
tetra fluoride in methanol (Sigma-Aldrich Corporation, St. Louis, MO) was added to each tube.
The tubes were returned to the water bath for 10 minutes. Once heated, the tubes were removed
from the water bath, cooled slightly, and 1 mL of water and 1 mL of hexane (Thermo Fisher
Scientific, Waltham, MA) was added to each tube. The tubes were vortexes for 15 seconds and
then allowed to rest at room temperature until two distinct layers formed. The hexane (top) layer
was removed from the tubes and transferred to another tube containing a few grains of sodium
sulfate (Thermo Fisher Scientific, Waltham, MA). The secondary tubes were swirled to remove
any excess water from the hexane. The samples were transferred to auto sampler vials with crimp
top closures. Two standards of fatty acid methyl esters were prepared in addition to the samples
to establish retention times. Kel-Fir FAME-5 Standard.
2.5.4. Crude protein evaluation of roasted cashew nut

Kjeldahl method was used to determine nitrogen. The crude protein was determined by
multiplying the amount of nitrogen times 6.25. The fresh sausage sample was minced and one
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gm was digested in Kjeldahl flask by adding mercury tablets as catalysts and 25 ml conc.H2SO4.
The mixture was heated for 3 hr. The digested samples were cooled and transferred to volumetric
flasks. Nitrogen was distilled from the flask in 40% of NaOH solution and received in 4% boric
acid. The mixture was titrated against 0.1 N HCl solutions. The crude protein of fermented
sausage was determined by using the Kjeldahl methods. The Kjeldahl procedure can be basically
divided into three parts: digestion, distillation and titration.

21

CHAPTER THREE
3. Material and Method

3.1. Raw material collection, preparation, transportation and storage
3.1.1. Raw material collection,
Matured and unprocessed cashew nut sample were collected from Ethiopian Agricultural
Research Institute (Pawe Agricultural Research Center (PARC) Benshangul Gumz region.
Cashew nut sample weights about 10kg and freshly harvested from the 2018 /19, crop year. The
cashew nut seed were selected from the study due to their specialty nature. (i.e. Unique sensory
characteristics and high nutritional quality).

3.1.2. Raw material transportation and storage
The collected samples of raw cashew nut were specially transported in food grade polyethylene
bags and stored at optimum storage condition in Addis Ababa University (Food Engineering
Laboratory).
3.1.3. Raw Material preparation
Roasting of sample cashew nut seed
Drum roaster
Genio 6 precision coffee roaster (GENIO 6, precision, USA, 2008) found at the Africa coffee
roaster was used to roast the sample raw cashew nut selected for the study. Each roaster has a
capacity of roasting about 100g of raw cashew nut. The machine uses LPG gas as fuel and
electricity to operate controlling devices, motors, temperature sensors and display device. It was
operated and controlled by a professional coffee roast master at the Africa coffee.
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.
From the literature review first, the minimum temperature of roast was set at 1200c for light
degree of roast and the maximum roasting temperature was limited to 1600c in order to ensure a
dark roast at the end of each roasting process. The machine was heated by supplying un LPG gas
from cylinder through.
The flames from the LPG gas directly heated a group of rotating metal rods which are found
under each drums of the machine. The heated roads in turn rotated and transferred the heat to the
horizontal cylinders (drums). The drum roaster took about three mines to reach around 1200c .
The raw cashew samples were separately fed in to the 6 drums immediately and then the
temperature inside the drum roaster begin to drop and reached about 90c0 after a minute. Because
the cashew nut seed absorbed the heat from the drum through conduction. But after 2 minutes.
The temperature of the drum roaster started to rise again and the cashew nut smelled like freshly
mowed grass and they lost much of their moisture content.
3.1.4. Experimental Location
Experiments on physicochemical properties, moisture content, ash analysis, protein, fat and fiber
of cashew kernel were performed at Addis Ababa University, college of natural science, in the
Food Science Laboratories, and others like the fatty acid profile was conducted at Addis Ababa
University, natural science collage in organic chemistry laboratory. The sensory analysis of the
developed cashew kernel was conducted at AAIT, School of chemical and bioengineering.
3.2. Analytical methods
The proximate composition of the cashew nut samples including moisture, crude protein, crude
fat, total ash and crude fiber and carbohydrate were determined using standard methods of the
Association

of

Official

Analytical

Chemists

(AOAC,

2000),926.12,

925.10,

963.22,923.03,985.29 and 963.22, respectively.

3.2.1. Moisture content
Moisture content of the samples was determined using the procedure described in AOAC (2000)
method 926.12. Moisture content was measured immediately after each processing steps. Empty
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drying dishes (made of porcelain) were dried using a drying oven for 1 hour at 105 ºC. The
dishes were cooled for 30 minute in desiccators with granular silica gel and weighed using a
digital analytical balance to the nearest milligram (W1). About 5.00 g of fresh samples were
weighed (W2) in dried and pre-weighed drying dishes. The dishes and their contents were then
placed in drying oven and dried for 5 h at 105 ºC. The dishes and their contents were cooled in
desiccators to room temperature and weighed (W3).
Percentage moisture content calculated using the equation below.
(

)

(

)

…… …………… ………… …………. Equation 3.1

3.2.2. Crude protein
The protein content of the samples was determined on the basis of total nitrogen content by
standard Kjeldahl (AOAC, 2000) method 925.10. Moisture content of cashew nut crude nitrogen
determination. 0.5 grams of dried sample was digested in a 100 mL Kjeldahl digestion flask by
boiling with concentrated sulfuric acid (0.1N) for 2-3 hours and 2.5g of Kjeldahl digestion tablet
(selenium: potassium sulphate mixture) as a catalyst and boiling point raising agent. 3.5ml of
30% hydrogen peroxide was added to the digestion mixture after which the teccator tube
containing the mixture was set with teccator
(

)

(

)

Where,
V: Volume of HCL in L CON
N: Normality of HCL
Ca: Blank
Wo-Weight of sample
14.00-the molecular weight nitrogen
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3.2.3. Crude fat
The fat content of the sample was determined according to the standard AOAC Soxhlet method
922.06. (AOAC, 2000). Eight gram of dried sample was weighed in extractor thimble (W1). A
clean, dried round bottom extraction flask containing a few granules of boiling chips were
weighed (W2). The extraction thimble and flask was fitted on the extractor unit and 60 ml of nhexane was poured into the flask using a tube connected on the top of the extraction unit.
Condenser was connected to the Soxhlet extractor and cold water circulation was put on. The
heating mantle was switched on and the heating rate adjusted until the solvent was refluxing at a
37 steady rate. Extraction was carried out for 4 h. The solvent was recovered and the oil dried in
an oven set at 70 ºC for 1 h. The round bottom flask and oil was cooled in a desiccator and then
Weighed (W3). % fat is calculated using the equation below.
Equation 3.4
Where
W1=is weight of samples in extraction thimble,
W2=is the weight of the extraction thimble with boiling chips and
W3= is the weight of crucible with fat (recovered from oven).)

3.2.4. Crude fiber
The crude fiber cashew nut was determined as in AOAC (2000) method using official method
985.29, which consists digestion, filtration, washing, drying and combustion steps. In the
digestion step, about 1.5g (recorded as W3) of the sample were placed into a 500ml beaker and
200ml of 1.25% H2SO4 was added by boiling gently for 30 minutes. During boiling, hot water
was added to keep the level of the sample solution remains unchanged. After boiling, 20ml of
28% KOH was added and gently boiled again for 30 minutes, with occasional stirring. Then the
bottom of a sintered glass crucible was shielded with 10mm sand layer and wetted with a littledistilled water. The solution was poured from the beaker into sintered glass crucible and then the
vacuum pump was turned on. The wall of the beaker was rinsed with hot distilled water several
times; washing was transferred to the crucible, and filtered. In the Washing step, the residue in
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the crucible was washed with hot distilled water and filtered (twice) and the residue was washed
with 1% H2SO4 and filtered. At that moment it was washed again with hot distilled water, 1%
NaOH and water- free acetone respectively filtered.
Finally, in Drying and combustion step, the crucible with its content was dried for 2 hours in an
electric drying oven at 1300C and allowed to cool for 30 min in the desiccators (with granular
silica gel) and then weighed (recorded as W1). Then the crucible was placed at a muffle furnace
and incinerated for 30 min at 550 0C and was finally cooled in the desiccators and weighed
(recorded as W2). Then the crude fiber of the sample was calculated as a residue after
subtraction of the ash.

Where, W2: Crucible weight after drying
W3: Crucible weight after ashing
W1: sample weight
3.2.5. Ash content
The ash content analysis was determined according to the standard AOAC method
923.03(AOAC, 2000). The total quantity of minerals in a sample was determined by ashing
about

2.5 g of the sample first. The dried sample was placed in Muffle furnace

(GALLENKAMP, Model FSL 340 0100, UK) and the temperature raised to 550°C for 1 hours.
The sample was cooled in a desiccator and weighed.
( )

Where, M1=is weight of crucible,
M2=is weight of sample with crucible and
M3=is weight of crucible with ash.
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3.2.6.

Carbohydrates

Total percentage carbohydrate was determined by the difference according to the method as
recommended by the AOAC (2000) method using official method 963.22. This method involves
adding the total values of crude protein, crude fat, crude fiber, moisture and ash constituents of
the sample and subtracting it from hundred (100). The value obtained is the percentage
carbohydrate constituent of the sample.

3.3. Physicochemical properties
3.3.1. Fatty Acid Profile Determination
3.3.1.1. Preparation of Fatty Acid Methyl Esters (FAMEs)

The Fatty Acid Methyl Esters (FAMEs) of fat samples were determined using the procedure
described in the ISO official method (ISO, 5509:2000). 1gm of cashew nuts were weighed and
transferred in to 50 mL round bottom flask. The samples were warmed for 10 minutes at 50oC
using water bath. then 6 ml of 2% KOH methanol base reagent (prepared by dissolving 2gm of
KoH in 100ml of methanol) were added to each sample and will placed in a heating bath and
heated at 500c

for 30 minute. The round bottom flask will be allowed to cool to room

temperature. A 2ml of saturated sodium chloride will be added to each mixture and transferred in
to separator funnel followed by adding 30 ml of hexane. The mixture will be shaken vigorously
and allowed to settle to form layers. The upper organic layer will have dried over anhydrous
sodium sulfate and filtered. Each filtrate (FAMEs) was concentrated on rotary evaporator,
weighed, labeled and stored in a refrigerator until analyzed by GC-MS.
3.3.2 Determination of Fatty Acids by GC-MS

The Fatty Acid profile as percentage of total fatty acids of the samples were determined using the
procedure described in the (Daniel, I. et al, 2008) MS analysis. For the analysis of the methyl
esters of fatty acids a Agilent Technologies 7820A Series gas chromatograph coupled with a
Hewlett Packard Agilent Technologies 5977E mass spectroscopy detector (GC-MS) system was
used. A HP-5 MS capillary column (30 m length, 250 μm i.d., 0.25 μm film thickness) was used
for the GC system. The temperature program was set up from 100°C to 260°C with 3°C/min;
both the injector and detector temperatures were 280°C and high purity Helium was used as
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carrier gas. The injection volume was 1μL.Ionization energy EI of 70 eV was used for mass
spectroscopy detector, with a source temperature of 150°C, scan range 50-300 amu, scan rate 1s1

. The mass spectra were compared with the NIST Mass Spectral Library 14.L.

3.4. Sensory quality of the cashew nut
The sensory attribute of the product samples (Color, appearance, crispness, Flavor/taste,
chewiness, texture and Overall Acceptability) were analyzed by 10 panelists with nine-point
hedonic scales and the highest score of each treatment was selected. The panelists were chosen
and oriented for the sensory evaluation of the cashew kernel which developed in same thickness
and roasting temp and while different formulation ratio. All samples were randomly presented
for the panelists to minimize the effects of uncontrollable sources of variation or error and to
eliminate bias. And each sample was given to the panelists with a questionnaire to have their
liking rates for each sensory attribute. The questionnaires were nine-point hedonic rating scales
from Like extremely with the highest score to dislike extremely with the lowest score(Under
n.d.).

3.5 Chemicals and equipment’s
3. 5.1 Chemicals
Chemicals would also use for quality analysis of samples and the chemicals used for
determination of each quality parameters are described as follows; strong acid because the food
sample was digested with strong acid which is sulfuric acid (96-98%), potassium sulfate, ,
sodium hydroxide, hydrochloric acid, boric acid, Bromo cresol green solution, n-haxen and were
used for determination of protein content of cashew kernel. In addition to sulfuric acid ,n-hexane
was also used for the fast determination of fat content found in the sample.
3.5.2. Equipment’s
Grinder was used for grinding of the fresh beef meat and dried sausage. The stuffer machine was
used for filling the mixed meat and other ingredients into the prepared casing. Heating incubator
was used for fermentation according to the required length of fermentation, pro smoker was used
for smoking of the fermented sausage for additional flavor development and anti-microbial, oven
dryer would use for drying of fermented sausage, desiccators (Nalgene) and crucibles would be
used for determination of moisture content of sample. Muffle furnace was also used for the
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determination of ash content of the sample. Analytical balance, Automatic titrate and Kjeldahl
digestion (HYP-1008) and distillation system (KDN-102F serial number: DNY0903026) were
also used for determination of protein content of fermented sausage, aqua lab water activity
meter was used for determination of aw, Velp SER 158 Automatic solvent extractor was used for
fat determination. Agilent Technologies 5977E mass spectroscopy detector (GC-MS) is used
fatty acid interpretation.
3.6. Experimental design and statistical data analysis
Completely randomized design was used for sample design, analysis and product effect
each experimental subject (unit) was assigned to treatment groups at explicitly random choice.
The effect of two variables namely temperature (120c0, 140c0and 160c0), time (25mint, 35mint
and 45mint) at their lower, center and higher values were checked. Response optimizer (Minitab
17) was used for optimizing the roasting parameters variables). Temperature and time effect
percentage of cashew nut

were used for analysis of roasting time and moisture content

of

cashew kernel. The selection of ranges within which each factors vary, was based on preliminary
experimental and literature data. The number of replications/experimental runs was two for each
treatment and the significance of the mean of each treatment were analyzed by Minitab 17
software. The experimental results were evaluated with an ANOVA of 95% of confidence;
represent means of two analytical replications. The display of General Full Factorial
Experimental Design of two factors with three levels of treatments.
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3.7. Research frame work

Figure 7: Research framework
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Chapter Four
4. Results and Discussion
The effect of roasting

parameters (roasting temperature and roasting time) on the quality of

cashew kernel after determining proximate properties of the unroasted cashew kernel (table 4-1 )
as well as roasted cashew kernels shown in (table4-2 ) and the fatty acid profile of cashew
kernel (cashew nut roasted at light temperature shown in(table 4-3 ), cashew nut roasted at
medium temperature shown in(table 4-4),c cashew nut roasted at high temperature shown
in(table 4-5). The sensory analysis of cashew kernel (table 4-6).
Depending on the optimization result, the minimum, maximum of respective response were
selected for a complete analysis of proximate, sensory analysis and fatty acid profile of the
cashew kernel were conducted in parallel to the unroasted and roasted samples are presented .

4.1. Proximate analysis of unroasted cashew kernel
The Proximate analysis of unroasted cashew kernel gives information about the proximate nature
of the cashew kernel and can be an input for further analysis and comparison with the developed
product. The Proximate analysis of unroasted cashew kernel is summarized in table 4-1 below.

Table 4- 1: The Proximate analysis of unroasted cashew kernel

Code

Moisture %

Unroasted

12.88 0.02

Total Ash %

a

Crud Fat %

E

2.98 0.01

53.49 0.09

Protein (%)

a

28.07 0.06

Crud fiber %

a

d

3.25 0.01

Carbohydrate%

22.62 0.01

J
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4.2. Proximate analysis of roasted cashew kernel
The proximate analysis of roasted cashew kernel is summarized in table 4-2 below.
Table 4-2 : The mean value of Proximate results of roasted cashew kernel

Code

P1
P2

Moisture (%)

b

6.65 0.01

Crud Fat (%)

Crude
Protein (%)

b

52.67

6.17 0.0608

c

d

P3

6.11 0.015

P4

5.68 0.0058E

P5

5.54

P6

5.22 0.01

0.0017E

F

0.01

52.57 0.03 b

Crud fiber (%)

Carbohydrate (%)

19.8 0.01

Cd
3.25 0.01

23.5

17.85 0.01G

3.25

0.01cd

24.21

0.02H

3.689

0.35

a

26.62

0.13

3.30 0.001bcd

26.76

0.029F

3.32 0.01bcd

28.97 0.001E

F

E

50.83

0.049

c

20.21 0.11

48.17

0.147 d

21.2 0.17D

45.2 0.100e

23.9

21.2

0.01F

0.1D

21.95 0.01 C

4.94

0.05 G

21.94

0.05 G

4.87

0.02 H

19.77. 0.05 H

4.59

0.055

17.99

0.01C

bcd

0.01I

G

3.3 0.005

29.92 0.025D

3.35 0.0012bcd

31.48

3.4 0.002bc

31.78 0.005B

0.06 C

P7
14.,00

0.06 C

P8

P9

I
19.6 9

0.06

I

13 .92 0.02 B

3.45

0.002b

32..3 0 0.0 1A

i a-I means followed by the different superscript letters within a column are significantly(p<0.05)
different from each other
Key: p1-p3= roasted cashew kernel at 1200 c for 25, 35 and 45 min
p4 - p6= roasted cashew kernel at 1400 c for 25,35and 45 min
P6-p9= roasted cashew kernel at 1600c for 25, 35 and 45 min
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4.2.1. Moisture content

The final moisture content of the cashew nut depends on the initial moisture content of the
nut and the roasting temperature and time. The moisture content was significantly (P < 0.05)
between each treatment of roasted cashew kernel of samples.
There was 12.88 % of moisture content recorded in the unroasted sample. The highest and
the least (6.65 and 4.59) moisture content was recorded in the roasted sample. Decreasing
Moisture content mainly occurs due to temperature increase. Roasted sample code P9 had
lowers moisture content (4.59 %). This shows that the roasted samples had more shelf-stable
than the unroasted sample. These results are

near to the result reported by Ogungbenle;

H.N. (2008) is (4.65 %)
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Figure 8: relationships between moisture and temperature
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4.2.2. Ash content

Ash is a residue of inorganic matter after heating to remove all the water and organic matter
and it is a measure of the total amount of minerals present in a food sample. The cashew
kernel shows an average ash content of 2.98 0.01g/100g (Table 4-2). This value was cashew
nut lower than those of African Nut Meg (1999) is (2.27%). These values are higher than that
of reported by Ogungbenle, H.N. & Adu, T. (2012). The variation of ash might due to fruit
variety, geographical area, the harvesting time and soil type. The moisture content was
significantly (P < 0.05) between each treatment of roasted cashew kernel of samples.
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Figure 9: Relationships between Ash content and temperature

4.2. 3. Fiber content

From the above table, the maximum amount of fiber was recorded in the product (p 9) and
the values of fiber change duo to temperature variation. The fiber content was not significant
(p > 0.05) between p6, p7and p8. This was may be a high amount of temperature applied
during processing but the other product is significantly (p < 0.05) difference.
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Figure 10: Relationships between Fiber content and roasting temperature

4.2.4. Fat content

The crude fat content of cashew kernel found in this study was 53.49

0.09 /100g . The fat

content decries with increasing temperature. The minimum fat content found in p9. The fat
content is not exceeded 60% maximum amount in the Jordan standard regulation. Fats are
decreasing with increase temperature.in p9 the fat content decrease because the temperature
increases.
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Figure 11: Relationships between Fat content and roasting temperature

4.2.5. Protein content

From the above result the protein content was increasing. The increasing protein content
mainly occurs due to temperature increase and the protein content was significantly (P <
0.05) between each treatment of roasted cashew nut of samples. There was 28.07% of protein
content recorded in the unroasted sample and the highest and the least (19.8% and 13 .92%)
protein content was recorded in the roasted sample respectively.
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Figure 12: Relationships between protein content and roasting temperature

4.2.6. Carbohydrate content

From the above table the carbohydrate content was increase. Increasing carbohydrate
content mainly occurs due to temperature increase and the carbohydrate content was
significantly (P < 0.05) between each treatment of roasted cashew nut of samples. The
highest and the least (32.3.and 23.5) carbohydrate content was recorded in the roasted
sample. These result nearly similar to that of Achal (2002) (32.34 and 23.5).
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Figure 13: Relationships between Carbohydrate content and roasting temperature
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4.3. Fatty acid profile
4.3. Fatty acid properties of roasted cashew kernel at light temperature

Fatty acid profile properties of the cashew kernel gives an information about the
fatty acid nature of the cashew kernel and can be an input for further analysis and comparison
with the developed product. Fatty acid is essential in our diets. There are four types fatty acid.
These are
 Saturated fatty acid
 polyunsaturated fatty acid
 Mono unsaturated fatty acid and trans fatty acid
The result for the major Fatty acid profile properties of the cashew kernel is summarized in
(table 4-3), below.
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A) Sample (P1) Roasted cashew nut at 120c0 for 25mint

Table 4.3: Fatty acid properties of roasted cashew kernel at light temperature
Fatty Acid
Designator

% Area

Haxadecanoic acid

C16:0

11.31

Methyl stearate

C18:0

11.72

∑

9-octadecenoic acid

C18 :1

9,12- octadecenoic acid

C18:2

56.23

20.74
∑

79.97

All values are triplicate
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B. Sample (P2) Roasted cashew nut at 1200Cfor 35mint
Carbon number
Fatty acid

% Area

Haxadecanoic acid

C16:0

11.71

Methyl stearate

C18:0

11.82

9-octadecenoic acid

C18:1

55.30

9,12- octadecenoic acid

C18 :2

∑

23.53

21.17
∑

76.47

C: Sample (P3) Roasted cashew nut at 1200C for45 mint

Fatty Acid

Carbon number

% Area

Haxadecanoic acid

C16:0

11.53

Methyl stearate

C18:0

11.63

9-octadecenoic acid

C18:1

57.08

9,12- octadecenoic acid

C18:2

19.76

∑

∑

23.16

76.84
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D) Sample (p4) Roasted cashew nut at 1400 c for 25mint

Table 4- 4: Fatty acid properties of roasted cashew nut at medium temperature

Fatty acid

Carbon number

%Area

Haxadecanoic acid

C16:0

11.45

Methyl stearate

C18:0

11.76

∑

23.21

9-octadecenoic acid

C18:1
55.89

9,12- octadecenoic acid

C18 :2
20 .91

∑

76.79
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E ) Sample (P5) Roasted cashew nut at 1400c for 35mint

Fatty acid

Carbon number

%Area

Haxadecanoic acid

C16:0

11.47

Methyl stearate

C18:0

12.02

∑

23.49

9-octadecenoic acid

C18:1
56.75

9,12- octadecenoic acid

C18 :2
19.77

∑

76.52

F) Sample (P6) Roasted cashew nut at1400C for 45minutes
Carbon number
Fatty acid

%Area

Haxadecanoic acid

C16:0

11.36

Methyl stearate

C18:0

11.85

∑

23.21

9-octadecenoic acid

C18:1
55.79

9,12- octadecenoic acid

C18 :2
20.99

∑

76.78
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G). Sample (P7) Roasted cashew nut at 1600c for 25 minute

Table 4-5: Fatty acid properties of roasted cashew nut at high temperature
Fatty Acid
Carbon number

% Area

C16:0

11.34

C18:0

11.61

9-octadecenoic acid

C18:1

56.14

9,12- octadecenoic acid

C18:2

20.91

Haxadecanoic acid
Methyl stearate

∑

22.95

∑

77.05

H). Sample (P8) Roasted cashew nut at 1600C for45minit

Fatty acid

Carbon number

% Area

Haxadecanoic acid

C16:0

11.58

Methy1 stearate

C18:0

12.15

9-octadecenoic acid

C18:1

56.03

9,12- octadecenoic acid

C18 :2

20.23

∑

∑

23.73

76.26
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I) Sample (P9) Roasted cashew nut at 1600c for 45minit

Fatty acid

Carbon number

%Area

Haxadecanoic acid

C16:0

10.69

Methyl stearate

C18:0

11.74

∑

22.42

9-octadecenoic acid

C18:1
57.35

9,12- octadecenoic acid

C18 :2
20.21

∑

77.56

From the above result the fatty acid profile are four components. These are Haxadecanoic acid (
C16:0 ), Methyl stearate( C18:0 ) , 9-octadecenoic acid (C18:1 ) and 9,12- octadecenoic acid
( C16:2 ) .

 Haxadecanoic acid (C16:0)
At product p6 The value of Haxadecanoic acid

is 10.69. These value less value to Methyl

stearate (C18:0), 9-octadecenoic acid (C18:1 ) and 9,12- octadecenoic acid it compared each
other .Overall product p1 up p9 haxadecanoic acid ( C16:0 )Increase for 11.31% to 11.58 both
light and medium temperature and time but increase at high temperature.
Haxadecanoic acid increase from 11.31 % to 11.71 % at roasting temperature increase slightly
differ from those reported by Road and Si (2016 ) .
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Methyl stearate (C18:0 )
At product p6 the value of Methyl stearate is 11.74. Overall product p1 up p9 Methyl stearate
acid (C16:0) increase for 11.61 % to 12. 15% both light and medium temperature and time but
increase at high temperature.
9-octadecenoic acid (C18:1 )
At product p6 9-octadecenoic acid (C18:1) value

is 57.35. These value higher value from

Methyl stearate (C18:0) , Haxadecanoic acid and 9,12- octadecenoic acid it compared each
other.
 9,12- octadecenoic acid ( C16:2 )
At product p6 The value of 9,12- octadecenoic acid is 20.21%. Overall product acceptability of
p1 up p9 samples of the 9,12- octadecenoic acid decrease for 20.21% to 21.17% both light
roasting , medium temperature roasting and high temperature roasting .
 Total saturated and unsaturated fatty acid fatty acid
The total saturated fatty acid was 22.42% while the total unsaturated fatty acid was 77.56 % and
the monounsaturated and poly unsaturated fatty acid was 57.351% and 20.2% receptively. mono
unsaturated fatty acid dominates the fatty acid present in these result which the value of 57.35
% and unsaturated fatty acid may lower blood serum cholesterol (Road and Si 2016).
In WHO standards the ratio of PUFA to SFA should ideally be between 0.4 and 1.0. In this
research the total polyunsaturated and saturated ratio is 0.901%. Generally, from the above result
product (p9) which is prepared a temperature roasted at 160c0 for 45 mint comparably excellent
formation of unsaturated fatty acid.
4.4. Sensory quality evaluation of the cashew nut samples
The mean sensory scores of cashew nut

prepared at optimum roasting variables from a

cashew nut roasted at medium temperature which is 1400c for 45 mint were compared to each
other was given in table 4-6. The Sensory quality of the cashew kernel was evaluated by 10
panelists according to the nine-point hedonic scale. The mean result of the sensory analysis of
cashew was used as a control to compare them. The average sensory results the cashew kernel
for color, appearance,

flavor/taste, chewiness, texture and overall acceptability respectively.
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Table 4- 6: Sensory evaluation of the cashew nut samples

Sensory Evaluation Parameters

Colour

Appearance

2.29 1.26a

3.77

Crispness

Flavor

chewiness

Texture

Overall
Acceptabilit
y

Code

P4

2.5

1.1 a

3.6

1.15 a
1.1a

a

2.71

3

0.97a

2.41

1.18 a

3.77 1.15a

2.71 1.11a

3.06 1.48

2.65

1.23a

3.7 1.13 a

3.1 1.17a

2.1

1.08

2.64

1.26a

3.09 1.07a

2.5 1.57a

2

1.13

P5
2.32 1.13a

3.09 1.07a

2.91 1.48a

a

a
a

P6

All values are the means ±standard deviation of duplicate runs
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Chapter Five
5. Conclusions and Recommendations
5.1. Conclusions
The results of this study showed that the effects of roasting parameters on the quality of cashew
nut like moisture content was significantly aﬀ ected by temperature and time. Over the
temperature range used in this study that roasting temperatures have effect on the nutritional
quality of cashew kernel. Some of the proximate Composition increased as the roasting
temperature increased with mineral having highest content, while Moisture content, fat reduced
as the roasting temperature increased at temperature increase the compassion of the fatty acid
change. Full factorial central composite experimental design was employed to correlate the
cashew kernel parameters (temperature and time) to the percentage color change for roasted
cashew kernel. Roasted temperature (1200c-1600c) and time (25-45min). fatty acid nature of the
cashew kernel and can be an input for further analysis and comparison with the developed
product. Fatty acid is essential in our diets.
Cashew contains on an average 20 to 22% kernel (edible portion) and these have highly
nutritious containing protein (21%), fat (47%), carbohydrates (22%), minerals and vitamins.
Roasting is one of the most popular methods of cashew nut thermal processing. It aims at the
improvement of sensory properties through the change of colour, developing characteristic taste
and flavor substances, as well as improving nut texture. The aim of this research is to highlight
the important Roasting of cashew nut seed three different processing temperatures will be used in
this study. These are low-temperature processing (LT), medium -temperature processing and
high-temperature processing. For low-temperature processing (LT) raw whole cashew nuts will
roast at 1200C for 25min. For medium -temperature processing (MD) at 1400c for 35min and
high –temperature processing (HT) at 1600 C for 45min. by using coffee roaster. This
combination of temperature and time provided the optimum roasting conditions for cashew nut
based on hedonic sensory evaluations.
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cashew nut roasted with medium roasted (1400c for 45minutes) had low moisture than cashew
nut roasted with light roasted (1200c for 45 minutes). The roasting effect of the medium roasting
(1400c for 45mint) was excellent in the formation of optimum sensory quality and The roasting
effect of the high roasting (1600C for 45minutes) was excellent in the formation of unsaturated
fatty acid. Generally, from the above result product (P9) which is prepared a temperature roasted
at 160c0 for 45 mint comparably excellent formation of unsaturated fatty acid.

5.2. Recommendations
This study is focused on the development and promotion of cashew kernel (snack) from cashew
nut seed processing which showed interesting results in terms of many parameters as it is shown
in the result and discussion part of this document. Based on the result found the following
recommendations are made:

It is recommended that further researches be need to conducted on the effect of other roasting
variables on the roasting time, of the product.

 Cashew nut is new seed in our country and shortage of availability so we recommended
that further researches be work on promotion the cashew nut.
 A comprehensive study on shelf life Stability of the roasted cashew kernel and packaging
should be conducted to come up-with complete and usable information.
 Further research should be done on the effect of seed varieties on the quality of the
cashew

.

 Researches would be interesting to carry out further experiment on the study of the
roasting characteristics of the cashew nut.
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Appendices

Appendix A: ANOVA of roasted cashew kernel
One-way ANOVA: MC versus T*t

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
T*t

11 157.664 14.3331 12939.00

0.000

Error 18 0.020 0.0011
Total 29 157.684

Model Summary

S R-sq R-sq(adj) R-sq(pred)
0.0332827 99.99%

99.98%

*

One-way ANOVA: ash versus T*t
One-way ANOVA: ash versus T*t

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
T*t

11 5.91215 0.537469 920.61

0.000

Error 18 0.01051 0.000584
Total 29 5.92266
Model Summary

R-sq

R-sq(adj) R-sq(pred)

0.0241623 99.82%

99.71%

One-way ANOVA: pr versus T*t
Analysis of Variance
Source DF Adj SS Adj MS F-Value P-Value
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T*t

11 379.687 34.5170 133.40

Error 18 4.658
Total 29

0.000

0.2588

384.345

Model Summary

Model Summary

S

R-sq R-sq(adj) R-sq(pred)

0.508682 98.79%

98.05%

*

One-way ANOVA: pr versus T*t
Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
T*t

11 190.236 17.2942 2710.07 0.000

Error 18 0.115 0.0064
Total 29 190.351
Model Summary
S R-sq R-sq(adj) R-sq(pred)
0.0798839 99.94%

99.90%

*

One-way ANOVA: cf1 versus T*t
Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
T*t

11 4574.87 415.897 311.01

Error 18 24.07

0.000

1.337

Total 29 4598.94

Model Summary

S

R-sq R-sq(adj) R-sq(pred)

1.15640 99.48%

99.16%

*

One-way ANOVA: ch versus T*t
Analysis of Variance
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Source DF Adj SS Adj MS F-Value P-Value
T*t

11 348.500 31.6818 12753.03

0.000

Error 18 0.045 0.0025
Total 29 348.545

Model Summary

S

R-sq R-sq(adj) R-sq(pred)

0.0498423 99.99%

99.98%
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Appendix B: Samples of cashew kernel

Appendix C: GC chromatogram showing fatty acid profile of extracted
cashew Kernel oil

Roasted cashew nut at 120 oC for 25minutes
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Roasted cashew nut at 160 0C for 25minutes

Roasted cashew nut at 120 0C for 45minutes
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Roasted cashew nut at 160 0c for 45minutes.
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Roasted cashew nut at 1200 C for 35minutes

Roasted cashew nut at 160 oC for 35minutes
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Roasted cashew nut at 140 oC for 25minutes
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Roasted cashew nut at 140 oC for 35minutes

Roasted cashew nut at 120 oC for 45minutes
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Appendix D: Gas Chromatography Mass Spectrophotometry (GC-MS)
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Appendix E: Sensory Quality Attributes Evaluation Form
Name: ____________________ Date: _________ Time: _____
Sample Code: ______________
You are provided with three (3) cashew samples. You are expected to evaluate the sensory
Qualities of the samples based on the hedonic scale presented below.
Hedonic Scale and respective scale points

Like

Like

Hedonic Extremely very
Scale

Like

Like

Neither Dislike

moderately Slightly like

much

Dislike

Dislike Dislike

Slightly Moderately very

nor

Extremely

much

dislike

Score

1

2

3

4

5

6

7

8

9

point

Sample
code

Sensory Evaluation Criteria’s

Color

Appearance

Crispness

Flavor/Taste

Chewiness

Texture

Overall
Acceptability

A

B
C
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Appendix F: Pictures captured during the experiment

A. cashew kernel oil preparation by Soxhlet extraction

B. Protein Analysis
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c. Panelist while performing sensory quality evaluation
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