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Abstract

Freekeh is a traditional Middle Eastern grain that is particularly popular in Palestinian cuisine. It was
a traditional Palestinian grain before rice was introduced in the Ottoman era. This makes it a special
food, whether eaten in soup, in a salad, or cooked like rice. It is made from premature green wheat
that goes through a roasting and threshing process. In Palestinian cuisine, freekeh is appreciated not

only for its unique taste but also for its cultural and historical significance.

The objective of this study is to evaluate the chemical, physical, and microbiological properties of
freekeh products available in the Palestinian market. In addition, to assess consumer preferences and
purchasing behavior towards locally produced freekeh (demographic information, purchase behavior,
and consumer awareness and behavior) in respect to product characteristics. Moreover, the effect of
physical properties of the freekeh on consumer preferences and purchasing behavior has been

evaluated.

About 9 kg of freekeh was collected from markets representing nine different Palestinian companies
(the company names were coded as SkF, SKC, Mn, SnN, KS, LZ, Ag, Shq, and Nkh). About 700-
800 g from each company has drawn from both fine and coarse products. Only two companies’
produce locally fine freekeh, the seven other companies produce coarse freekeh. Additionally,
labelling information of freekeh products was collected, such as weight, type and shelf life.
Furthermore, nearly 200 g of crushed freekeh from each company was dedicated to proximate
chemical analysis (moisture, fat, protein, fiber, and ash content). In addition, physical analysis has
been carried out including color measurement based on CIE system (L*a*b*) and impurities content.
Moreover, a microbiological analysis was used to assess the count of bacteria, mold, and yeast in the
purchased product. Finally, the consumer preference and purchase behavior toward locally produced
freekeh (in terms of physical and nutritional properties) has been carried out via an online survey on
the Google Forms platform. More than 500 Palestinian consumers were participated in this survey
representing the north of Palestine. The research tool utilized in the study was a structured

questionnaire that underwent extensive evaluations to guarantee its reliability and content validity.



The results of the study showed that there were statistical significant differences in ash, crude fat,
crude fiber, and protein content between the products, while there were no significant differences
(p>0.05) in moisture content between different products from different companies. On the other
hand, it was found that freekeh products in Palestinian market were significantly different in their
color traits. In this context, there were significant differences in L* (degree of lightness) and a*
(redness index) values between products while b*-value did not show any significant differences. Our
survey showed that more than 50% of respondents consumed regularly freekeh products. Moreover,
3.3% of respondents declared that they do not usually consume freekeh at all. In respect to
microbiological analysis, products from company NKH had the highest fungal count while products
from company MN showed the lowest fungal count and the differences between these two companies
were very high (1.39 to 4.29). Freekeh products from company SKC (one of the Palestinian
companies whose product was tested) exhibited the highest bacterial count while products from
company MN exhibited the lowest bacterial counts. In conclusion, our study revealed that locally
produced freekeh products have different chemical and physical characteristics. Product
characteristics such as color, particle size, and the presence of physical impurities had significant role

in determination the consumer preferences toward freekeh products.

Vi
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Chapter One: General Framework

1.1 Introduction

Agriculture is essential to Palestinian economic, cultural, and national life. Palestinians
are pioneers in spreading and popularizing agricultural techniques in several countries
inside and outside the region. Moreover, agriculture is essential to Palestinians because
it demonstrates perseverance, confrontation, and attachment to their land in the face of
the danger of confiscation and destruction by settlement activities. It also provides

shelter, income, and food in times of crisis (MoA, 2009).

Cereals have been cultivated since 8000 B.C. Historically, wheat has been considered
the first essential and strategic crop for most of the world's population. Moreover, it is
the most cultivated plant. It is well known that this culture was cultivated in the earliest
places of civilization and has played an important role wherever society has developed.

Almost one-third of the world's population depends on this crop daily (Atawnah, 2013).

All wheats belong to the genus Triticum, which is divided into three groups according
to the number of chromosome sets in their genome. These groups are diploid, tetraploid,

and hexaploid. The primary classes are hexaploid and tetraploid.

Common wheat (Triticum aestivum) is the general name of the hexaploid wheat, while
durum wheat (Triticum durum) is the most commercially important species of tetraploid
wheat (Dimitrios, 2023).

One of the oldest and most well-known dishes made from whole wheat, freekeh (also
known as firik), has a distinctive smoked flavor. This young wheat product is becoming
increasingly popular worldwide and already consumed in many Middle Eastern and
North African nations (Al-Mahasneh & Rababah, 2007). Freekeh is typically made
from immature wheat, where wheat is harvested when the grains are still tender and
green, at a stage ranging from 75 to 89 on the Zadok's scale (Zadoks, 1974), by boiling
it at atmospheric pressure or roasting (scorching) the young spikes on a grill to burn off
the awns and leafy debris. The kernels and hulls will then separate from the cooked
spikes, which dried in the sun and threshed. The parching or charring imparts a
distinctive flavor to freekeh (Dick, 1988).



An ancient grain with roots in Middle Eastern and Mediterranean cultures has been
gaining attention in culinary circles worldwide. It is a testament to the harmonious
fusion of tradition and modern nutritional awareness. Freekeh is the food process's
name rather than a specific grain type (Ajmera, 2022). However, it is made from wheat

and, most commonly, durum wheat.

It is a whole grain with high nutritional value, is easy to digest, has a low-fat content,
and contains a good percentage of fiber. It is almost free from pesticide residue. Freekeh
considered one of the healthy alternative foods on the list of diet foods. Moreover, it is
one of the desired meals for vegetarians. Because they rarely find smoked flavors of
vegetable origin (Bird, 2003).

Freekeh has low cholesterol and is rich in iron, fiber, and lutein (Carsanba, 2017). It is
also a good source of fructo-oligosaccharides and other functional compounds. Freekeh
is considered a functional food with many positive effects on consumers' health. The
accumulation of functional compounds in the grain begins from the formation until the
end of the milky stage. Harvesting at the dough stage of seed development provides a
large amount of the fructan group, which increases the efficiency of calcium and iron
utilization (Huynh, 2008). The antioxidant, physicochemical, and nutritional values of
freekeh obtained from immature seeds vary depending on variety and maturity stage
(Sramkova, 2009). Besides antioxidant activity, the content of total phenolic

compounds decreased during ripening (Ozkaya, 2018).

Freekeh stands out as a unique and culturally significant grain with potential health
benefits and distinctive flavors in a world increasingly characterized by health
consciousness and a desire for culinary exploration. As traditional and novel foods gain
prominence, researchers and industry experts are increasingly interested in
investigating how consumers respond to these offerings (Ajmera, 2022). Exploring
consumer preferences is a pivotal aspect of understanding any food product's reception
and potential success in the market. Moreover, understanding consumer preferences
toward freekeh is valuable for producers and marketers looking to tailor their strategies

and individuals interested in promoting healthier and culturally diverse dietary choices.

Over recent decades, there has been a consistent rise in the demand for high-quality
food products. This surge can be attributed to various factors, including increased

consumer awareness and knowledge, as well as heightened market pressures.



Additionally, concerns regarding health and the environment have further fueled this
trend. The modern-day consumer is notably discerning, placing significant emphasis on
both the quality and health benefits of the products they purchase. Consequently, food
quality has emerged as a pivotal issue within the realm of food economics. The evolving
preferences of consumers, driven by a desire for healthier lifestyles and environmental
stewardship, have profoundly influenced purchasing behaviors and perceptions of food
quality.(Petrescu, 2020)

1.2 Problem Statement

Over the years, there has been a noticeable decline in the consumption of Freekeh
products in Palestine. In 2009, Palestinian families were consuming an average of
approximately 0.245 kg per month. However, by 2017, this figure had dropped to
an average of 0.105 kg per month, indicating a 14% monthly decrease in Freekeh
consumption (PCBS, 2009, 2017). Additionally, the researcher identified a lack of
awareness among newer generations regarding the high nutritional value of
Freekeh. This trend may be attributed to ineffective marketing strategies and

mislabeling of Freekeh products.

1.3 Study Objectives

1. To identify the chemical, physical and microbiological properties of freekeh products

available in the Palestinian market.

2. To evaluate consumer preferences and purchasing behavior towards locally produced
freekeh considering different sociodemographic conditions (such as gender,

educational level, income, living place, etc.).

3. To determining the effect of physical properties on consumer preferences and

purchase behavior toward freekeh product.



Chapter Two: Literature Review

2.1 Wheat

2.1.1 Domestication and distribution of wheat

The history of domestication of wild wheat cultivation dates back to about 10,000
years ago in the Middle East. In cultivation, they replaced by high-yielding, free
threshing tetraploid and hexaploid wheat cultivars. Einkorn wheat is currently
cultivated only in a small area of the Mediterranean Sea, but its wild type is
naturally distributed in some parts of this region (Zohary, 2012).
In general, wheat domestication has promoted changes in several important wheat
traits, including:

e Increased grain size is associated with improved seedling germination and growth
in arable land.

e Development of non-fragmented seeds, which reduced the natural dispersal of
seeds and allowed people to harvest and collect seeds at optimal times (Damama,
1998)

Recently, wheat has become one of the most widespread and diversely cultivated
food crops in the world. It is cultivated at various altitudes from sea level to altitude
of more than 4500 m, reflecting its wide growing range and adaptability (Harlan,
1981).

2.1.2 Wheat and Durum wheat in the world

Today, wheat is grown annually on more than 220 million hectares, making it more
widely grown than any other cereal (FAO, 2021). It is regarded as the most
important food grain since it provides 20% of the total food calories to the global

population.
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Figure 2.1 Most commonly produced commodities worldwide.

Durum wheat (Triticum turgidum L.) is an important cereal crop, with an estimated
17.7 million hectares cultivated worldwide and an estimated 39.5 million tons
produced worldwide (InternationalGrainsCouncil, 2016). Originally grown in the
dry regions of the Levant, durum wheat is well adapted to harsh environments and
has good resistance to drought and heat. In many Mediterranean countries, it is a
favored crop and an important part of the Mediterranean diet (R. Al-Sayaydeh,
2023).

Wheat is the main crop grown in Palestine with about 47%. Much of the wheat
produced in the West Bank comes from Jenin, Tubas and Ramallah governorates.
Durum wheat is the predominant type of wheat and accounts for more than 70%
of total West Bank wheat crop, of which about 96% is grown under a rainwater
irrigation system (PCBS, 2021).

It was documented that, average productivity of wheat in the West Bank was
around 2300 kg/ha. This productivity is very low as compared to the world
productivity which exceeded 3400 kg/he (FAO, 2021).



This large difference in average production may be due to two main reasons. The
first is the limitation of cultivation area (Aslan, 2023) and the second is that
Palestinian farmers still growing old local durum wheat varieties (landraces) for
several reasons. Firstly, the political situation makes it difficult to obtain new
improved durum wheat varieties with high yield potential and excellent resistance
to biotic and abiotic stresses from regional and international research institutes.
Secondly, there is no active national breeding program to produce improved durum
wheat lines. In addition, landraces of durum wheat are widely used by farmers and
adapted to harsh local environmental conditions (Jaradat, 2013). Therefore, the
intensive use of introduced durum wheat varieties with high productivity and
excellent agricultural performance puts local varieties endanger of disappearing
from the agricultural map of Palestinian farmers. As a result, many useful genes

could disappear forever (Jaradat, 2013).

2.1.3 Wheat landraces and its importance

Thousands of years of farming combined with natural and human selection have
resulted in the development of very diverse genotypes in wheat species. The
traditional management of local wheat varieties by farmers has contributed to the
conservation of considerable levels of diversity. Thus, the wheat variety is not a
genetically and phenotypically stable, distinct and homogenous unit (Morris &
Heisey, 2000).

Throughout the history of wheat, farmers have contributed to the preservation and
development of wheat genetic diversity (Zeven, 2000). The landraces and ancient
varieties they developed an evolutionary link between the wild emmer wheat, the
wild progenitor of all cultivated wheat, and the advanced wheat varieties. In many
cases, native species are well adapted to the selection pressures exerted by a
particular eco-geographic structure and thus remain undisturbed for decades
(Nevo, 1998). Landraces may have developed broad tolerances to a variety of biotic
and abiotic threats through long-term adaptations to specific environments, thus
they could be more functional as resource for breeding new cultivars with both

high yield and stress tolerance.



Nowadays, many local landraces have been disappearing due to retreating of
traditional farming systems, genetic erosion, or even the aging or exodus of rural
population, and environmental degradation (Mercer, 2010), that have led to the
extinction of many local landraces. As a result, most of the unique cereal
biodiversity has been lost, and information on landraces and traditional varieties is

very scarce today.

2.1.4 Wheat landraces in Palestine

Similar studies in Palestine are limited, especially regarding the morphological
characteristics of local durum wheat varieties, although some publications
mentioned the evaluation of some agronomic properties for some local varieties.
In this context. (Atawnah, 2013) evaluated the growth performance, yield
components and genetic variation of six local breed genotypes and showed
significant differences in most of the studied traits. Several other studies have
used molecular tools for this purpose (Sawalha, 2008) by studying the genetic
diversity of local wheat varieties in Palestine using the RAPD marker to
phenotypic classification, showing the degree of genetic diversity and similarity

shown in the analyzed local varieties.

In another study, the RAPD method was used to estimate the genetic diversity of
10 durum wheat genotypes that are commercially grown in Palestine, although
local varieties were classified into group but there are major differences between
them (Al-Fares, 2012)

2.2 Freekeh

Freekeh (Firik or freekeh) is a traditional food which is consumed in several
countries of the Middle-East and North Africa (Dick & Matsuo, 1988; Williams,
1985). Immature wheats and, preferentially, durum wheats used in the production
of freekeh since the best freekeh made from the largest and hardest kernels. Today,
there is no large-scale industrial freekeh production. It is generally homemade for
domestic consumption or commercially produced by small-scale manufacturers. It

is mainly used as a substitute for rice and bulgur (Ozkaya, 1999).



A suitable wheat cultivar, production process, and harvesting period are all
important factors that affect the nutritional value and flavor of freekeh. It is
generally agreed that the optimal time to harvest freekeh is between the late-milk-
ripe and mid-dough-ripe stages, mostly because they have a better flavor than those
processed at the full ripe stage since they contain more free simple sugars (Ozkaya,
2018).

It is believed that the origin of freekeh making is due to its discovery by chance,
thousands of years ago, when one of the countries in the Middle East region
invaded. When the local people returned to their homes after the withdrawal of the
enemy, they found that it had burned everything. And when they started to inspect
their burnt crops, they found some uncharted grains still within the burnt wheat
grain, and when they rubbed it in their hands, they found that this roasted grains
are edible, and it has a special and delicious taste, completely different from that
of wheat, in terms of its taste and flavor. Since then, people have resorted to harvest
and burn their grain, especially when under siege and their supplies have run out
(Nachit, 2009). Another product like Freekeh "Grinkern" is popular in summer-
rainy countries such as Germany and Austria. Farmers are forced to save some of
their grain from rotting because of extreme thunderstorms by harvesting and

roasting their wheat.

2.2.1 Production of freekeh

Freekeh is produced in two different ways: the first is by roasting, and this is done
by burning the green spikes that are not fully ripe, by exposing them to fire flames
without causing complete combustion of the grains, and this is called “scorching”,
while the straw and the rest of the vegetative matter (such as leaves) are
completely burned. The cooked or grilled kernels are dried by exposing them to
the sun, so that the moisture content of the kernels decreases to about 10%, after
which the kernels are sorted to separate the kernels from the husks. The first
method, which is the most common, is preferred, as it gives freekeh a distinctive
smoky flavor from the burning process, giving it a unique taste and a pleasant
taste that makes it a delicious meal (Dick & Matsuo, 1988)



In Turkey, the study of (Tulbek & Kottapalli, 2004) was conducted on freekeh
made by roasting several varieties of durum wheat in order to study the effect of
the variety and the manufacturing process (soaking and roasting) on the quality
of freekeh grain. Its ability on the formation of dough, protein quality and
identifying some of the components of the flavor that characterize it, also to study
its microbial load. Freekeh prepared by partially conditioning the wheat grains,
by soaking them in water at a temperature of 60° C for 45 min., then the moistened
grains entered into an air oven at a temperature of 160°C for 4 min. The study
concluded that the hardness of wheat grains decreased in freekeh, and the grains
lost their ability to form a dough because of the roasting process, and a significant

decrease was observed in the viscosity of starch and the microbial load in freekeh.

(Muchova, 1998) also studied the quality characteristics and manufacturing
properties of wheat in three locations in Slovakia. The study showed that there
was a significant impact of the prevailing temperature rates during the season.
Climate conditions did not affect the production yield only, but also affected all
quality characteristics as well. Drought led to an increase in protein by 12% and
in gluten content by 30%.

2.2.2 Effect of maturity stage

Changes in grain composition during ripening have a great influence on grain
characteristics. Due to the high sugar content of the kernels, spikes harvested at
the end of milk stage are preferred over fully ripe kernels. The harvest stage is
critical for optimal freekeh production. Early harvesting can lead to the formation
of large amounts of carbonic spots on the roasted grains due to the effects of the
flame. On other hand, when harvested late, yellow seeds can be obtained instead
of green seeds. Growth stages from 75 to 77 on the Zadok's scale seem to be the

best time to harvest for freekeh production.

(Ozboy, 2001) found in a study on freekeh processed at different maturity stages
(13, 16, 19, 22, and 25 days after flowering). By using two different methods
(grilling and boiling) from two varieties of durum wheat, it was found that the
freekeh content of crude fiber, and total phosphorus tended to decrease with high

significance, while its content of phytic acid increased with the progress of



maturity. It showed that the best stage for obtaining freekeh high in fiber content
and low in phytic acid was harvested in the early stages (after 13 and 16 days of

flowering) .

(Aani, 2008) presented the results of a study conducted with the aim of sensory
evaluation (flavor and color) of freekeh produced from durum wheat spikes
harvested at different ripening stages. In terms of flavor, (92%) of the people
preferred freekeh produced from the beginning of the season (wheat harvested in
the early stages). This percentage decreased continuously until it reached (12.5%)
at the end of the season (wheat harvested in the late stages), because in the latter
case it lost its flavor, and its taste became close to that of bulgur, and similarly
the green color was evaluated. (Ozkaya, 1999) found that the processed freekeh
in the first two stages of grain development (13 and 16 days after flowering) was
the best in sensory terms.

2.3 Study variables

The main study variables represented in the following concepts: Quality

Assessment, Consumer Preferences, Local Products, and Freekeh.

2.3.1 Quality Assessment

Food quality is a concept often based on the organoleptic characteristics (e.g.,
taste, aroma, appearance) and nutritional value of food. Producers reducing
potential pathogens and other hazards through food safety practices is another
important factor in gauging standards. A food's origin and even its branding, can
play a role in how consumers perceive the quality of products (European Union,
2021).

In Palestine, the institution responsible for quality assessment is Palestine
Standards Institution (PSI). PSI adopts specific systems of standards, conformity
assessment and metrology based on well-established, modern, and scientific
principles. In addition, it prepares and adopts Palestinian standards for products,
and services; reviews, amends, replaces and publishes them. PSI issued
Palestinian standard specifications for freekeh (PPS 4154/2019), prepared from

wheat grains intended for human consumption (PSI, 2023).
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2.3.2 Consumer preferences

Food quality is an important concept because the food people choose depends
largely on quality. Consumer preference is important to the food manufacturer,
who wants to gain as wide a share of the market for the product as possible.
Quality is difficult to define precisely, though it refers to the degree of excellence
of a food and includes all the characteristics of a food, which are significant and

make the food acceptable.

Consumers’ evaluation of food quality is worthy of investigation because it can
help marketers to adjust their strategies to consumers’ characteristics. Perceived
quality can be an essential marketing tool, used as a segmentation variable
(Calvo-Porral & Lévy-Mangin, 2017).

Consumer preference is defined as the subjective (individual) tastes, as measured
by utility, of various bundles of goods. They permit the consumer to rank these
bundles of goods according to the level of utility they give the consumer. Note
that preferences are independent of income and prices. The ability to purchase

goods does not determine a consumer’s likes or dislikes (Govindarajan, 1982).

Building on the principle that consumer perceptions shape food quality, it is
essential to recognize that a crucial aspect of understanding food quality
evaluation lies in identifying the cues employed by consumers in the assessment
process. This comprehension of consumers' perceptions of food quality holds
significant relevance, as their purchasing choices are intricately linked to these
frameworks.(Baiardi, 2016)

2.3.3 Local product

Local food is a growing trend for various reasons. The globalization of food
supply chains and the will to support the local economy, as well as several food
scandals, can account for the increasing number of concerned consumers who
prefer to obtain their food from a local source (Vermeer, 2006). Additionally,
local food products are associated with freshness, higher quality, and healthiness
(Khan& Prior, 2010). Therefore, more sustainable and alternative food networks
such as the Slow Food movement (a movement to support traditional and regional

cuisine, which encourages farming in local ecosystems), community-supported
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agriculture, and farmers’ markets (where farmers sell directly to consumers) have

become increasingly popular in many Western countries (Sirieix et al, 2013).

There is no standard definition for local food (Onozaka, 2010). Therefore, it is
difficult to differentiate local food from non-local food. Generally, different
players in the food market have different perceptions of what understood as local
food. Local food described in the literature according to a variety of criteria.
Distinctions can be made based on geographic or perceived areas, cultural criteria,
natural history, and municipal boundaries or distances, but these distinctions are
not mutually exclusive (Wenzig & Gruchmann, 2018).

Food local industries are extremely important in the Palestinian economy. Due to
its ability to support political, social and economic development through the
export of many food products manufactured in Palestinian industrial facilities. In
addition to the fact that it works to meet a large part of the Palestinian consumer
needs, also for being a strong supporter that can be relied on to provide the
Palestinian economic sectors with the capital necessary for growth and
development. Local industries provide the Palestinian market with many job
opportunities necessary to employ the Palestinian labor force and combat

unemployment (Palestinian Ministry of National Economy, 2021).

2.4 Physical and Nutritional properties of Freekeh

Pekkirigci (2023) evaluated the physical and nutritional properties of einkorn
bulgur and firik (bulgur produced from immature wheat) samples sold in the
market. The firik samples had higher ash, fat and free, bound and total phenolic
content, antioxidant activity and lower protein content than einkorn bulgur. Low
phytic acid content of firik obtained from immature wheat was found to be
remarkable. The total yellow pigment, Ca and Mg contents were found to be 5.4,

1.3, and 1.3 times higher in firik samples than in einkorn bulgur

Carsanba (2017) examined nutritional value of Firik produced in Hatay region
using four Firik samples collected from local farmers. Amount of protein, ash,
moisture, total sugar, fat, salt, raw cellulose and fatty acid profile were determined
and estimated values were compared with similar foods such as bulgur and rice.

Protein and ash contents of Firik samples were higher than bulgur and rice, while

12



sugar and fat contents were lower. In addition, higher amount of linoleic acid and
remarkably adequate amount of linoleic acid generally known as essential fatty
acids were obtained. The results showed that Firik produced in Hatay could be
considered to use as a reinforcement ingredient for improving nutritional value of
daily meals, as it has better nutritional properties than the other does resemble
carbohydrate-based foods.
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Chapter Three: Material and Methods

3.1 Samples collection and preparation

About 9 kg of freekeh collected from markets for nine different commercial
Palestinian companies (coded as SkF, SkC, Mn, SnN, KS, LZ, Aqg, Shq, Nkh), 700-
800 g from each company, both types fine and coarse. Only two companies’ offers
fine freekeh, the seven other companies offer coarse freekeh.

Samples of freekeh were ground using a stainless-steel rotary mill. The samples
were placed sequentially and slowly in the mill, with careful attention to prevent an
increase in the sample temperature during milling. The grinding machine was
thoroughly cleaned (with a brush) after each sample to avoid mixing between
different types. Subsequently, the ground products were packed into securely sealed
plastic bags, labeled, and then stored in a dry and clean place for upcoming tests.
As for the tests (impurity, color, microbial tests), they were conducted on whole and

unground grains.

3.2 Package information of freekeh products

As known that any product's package contains general information about the
product, such as weight, type and shelf life. The following table (table 2.1) shows

this information for our samples.

Table 3.1 Some labelling information for freekeh products collected from the market

O© O N o o B W N

Pro. Date  Exp. Date

SkF Fine 10/2022 10/2024 700
SkC Coarse 10/2022 10/2024 700
Mn Coarse 5/2022 2 yrs. 700
SnN Coarse 01/02/2023  01/02/2025 700
KS Coarse 19/09/2021  18/09/2023 700
Lz Coarse 5/2022 2 yrs. 700
Aq Coarse 1/2023 1/2025 700
Shq Fine 5/2022 2 yrs. 800
Nkh Coarse 15/12/2022  15/06/2024 800
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3.3 Chemical analysis

Nearly 200 g of milled freekeh from each company dedicated to proximate
chemical analysis (Moisture content, fat content, protein content, fiber content, and
ash content).

3.3.1 Determination of moisture content

Moisture analysis was conducted on milled freekeh using the established
procedures outlined in (AOAC 1999). Approximately 5 g of freekeh were
accurately weighed and placed into pre-dried and pre-weighed aluminum containers
(the containers heated for 1 hour at 105°C and subsequently cooled in desiccators
to achieve a consistent weight). The samples then subjected to a 16-hour drying
process in an air oven at 105°C, followed by cooling in desiccators. The dried

samples were weighed to ascertain their moisture content, as follows:

) (w2 —w3)
Moisture content (%) = ——= X 100

(w2 —wl)

W1 = Weight of the empty container
W2 = Weight of the container with the sample before drying
W3 = Weight of the container with the sample after drying

3.3.2 Determination of Ash contents

Ash content were determined according to American Association of Cereal
Chemists International (AACCI) approved method 08-01.01. The crucibles
underwent a pre-cleaning process with 2M HCI, followed by rinsing with distilled
water. Subsequently, they were placed in the muffle furnace (CARBOLITE) for one
hour at 600°C. Following this, the furnace turned off, and the crucibles remained in
it until the temperature dropped to 250°C. The crucibles then moved to desiccators
to cool at room temperature. After cooling, the crucibles were weighed [w1].
Approximately 3 grams of freekeh carefully measured weighed into the crucibles
[w2] and subjected to the muffle furnace for 5 hours at 525°C. The crucibles once

again left in the furnace until the temperature reached 250°C, then transferred to

15



desiccators for cooling at room temperature, and subsequently weighed [w3]. The

ash content was determined using the following calculation:

(w3 —wl)
Ash content (%) = T — x 100

3.3.3 Determination of crude fat content

ANKOM crude fat analyzer used in this study following American Oil Chemists'
Society (AOCS) Standard Procedure Am 5-04 (AOCS, 2004). The filter bags
(ANKOM) were initially weighed [w1]. Approximately 1 g of milled freekeh then
carefully placed into the filter bags, and the subsequent weight was recorded [w2].
Following this, the filter bags securely sealed to isolate the sample and introduced
into the extraction vessel. A volume of 350 ml petroleum ether introduced into the
extraction vessel, and the extractor operated for a duration of 60 min. and at 90°C.
At the conclusion of the extraction process, the samples underwent a brief drying
period at 102°C for 30 min. to eliminate the extraction solvent, and the sample
weight was measured [w3]. The lipid content was determined using the following

calculation:

w2 — (w3 —wl)) o

100
w2

Crude fat content (%) =

3.3.4 Determination of crude fiber content

At this study ANKOM crude Fiber analyzer used following AOCS Approved
Procedure Ba 6a-05 (AOCS, 2005). The filter bags were weighed [w1]. Then,
approximately 1 g of milled freekeh carefully added to the filter bags, and the
subsequent weight was recorded [w2]. Following this, the filter bags securely sealed
to encase the sample and positioned in the fiber analyzer (ANKOM) within the
suspender tray. The suspender tray weight added to the tray, to ensure the samples
were fully immersed, and placed into the vessel. Acidic solution (0.255N H2SO4)
poured into the vessel, for the first stage of digestion which last for 40 min.
following with the second stage of digestion using (0.313N NaOH) basic solution
with the same period (40 min). When the digestion and washing with distilled water

completed, samples rinsed in acetone for 5 min to remove remaining insoluble
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substances in water, then dried and weighed [w3]. The fiber content was determined

using the following calculation:

) (w3 —-wl)
Crude Fiber content (%) = —w X 100

3.3.5 Determination of protein content

The protein content was assessed following the Kjeldahl method procedure as
outlined in AOAC (1990). In this process, a digestion tube is employed, about 0.5
g of milled freekeh was accurately weighed, along with a catalyst (containing 3.5
g of K2S04 and 3.5 mg of selenium) and boiling chips, all added to the digestion
tube (Gerhardt, Germany). The samples underwent digestion for a duration of 3
hours at 420°C, during the digestion, temperature gradually increased (50°C/15
min) from 80 to 420°C. In cases where the sample was not clear, the tube
subjected to an additional hour in the digestion unit. Following the completion of
the process, the sample allowed to cool to room temperature. A 250 ml flask,
containing 30 ml of boric acid along with the digestion tube, then positioned in
the distillation unit (Gerhardt, Germany). The solution was titrated using 0.1 M

HCI. The protein content subsequently calculated as:

, [(mlof HCl — ml of blank) X N of HCl x 1.4007]
protein content (%) = - x 100
weight of sample (g)

3.3.6 Determination of mineral content:

Flame-photometer was used for determination of Sodium & Potassium content
following AOAC 969.23 (AOAC, 1971). After the completion of ash content
calculation, 10 ml of 1M HCI should be added to the crucibles, and the mixture
heated on a hot plate until boiling. Subsequently, transfer the sample to a 100 ml
volumetric flask, filling it to the mark with distilled water and thoroughly mixing

the solution.

For the preparation of the standard curve for each mineral, six concentrations (0,

10, 20, 40, 75, & 100 ppm) have been meticulously prepared and measured using
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a Flame-photometer (Sherwood) for each mineral (Na, K). Utilizing the
calibration curve, the concentration of Na and K in the solution of the food
sample ash can be determined by identifying the corresponding emission

intensity.
Finally, the amount of Na and K in the food sample can be expressed as follows:

o Namg/100g sample
o K mg/100g sample.

3.4 Physical analysis

3.4.1 Color measurement

The CIE system (Commission Internationale de I'Eclairage) employed for the
measurement of color parameters, following globally recognized standard values.

Within the CIE system, as shown on Figure 3.1, the utilized values include:

e L* (Lightness): Signifying the contrast between light (where L* = 100)
and dark (where L* = 0).

e a*: Representing the distinction between green (-a*) and red (+a*).

e b*: Representing the contrast between yellow (+b*) and blue (-b*).
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Figure 3.1 A three-dimensional representation of L, a, b CIE

Lab system used to measure the color parameters.
For each main sample, a clean and new petri dish filled with completely unground
freekeh grains, color indexes assessed in triplicate for three regions of each main
sample, and the average value was calculated. The colorimeter calibrated with a

reference white ceramic tile before measurement.

3.4.2 Determination of impurities content

Following the Palestinian Standard for Freekeh (PS 4154/2019) which approved
and published by Palestinian Standards Institute (PSI) the impurities test
achieved.
A random three samples (5 g for each) taken from each main sample, placed on a
clean white background and sorted by naked eye. Then, impurities sorted again
and weighed based on the Compositional Standard which divided them in:

a. Stones, sand and dirt.

b. Dead insects and/or their parts.

c. Other grains and stems.
Figure 3.2 shows the process for only one main sample (SKF for example).
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Figure 3.2 Flow diagram for impurities test for one main sample.

3.5 Microbiological analysis

A 10 g of completely unground freekeh samples are took with 90 ml of sterilized
peptone water and placed into the stomacher for 1 min to extract and wash intact
microbes into solution. Three dilutions (107 to 107%) using spreading technique of
cultivation are used to bacteria, mold and yeast growth following Food and Drug
Administration FDA approved method. Microbiological growth calculated in

triplicate for each dilution of each main sample, and the mean value recorded.

3.5.1 Total plate count

Plate Count Agar (PCA) served as the microbiological growth medium for
evaluating the total viable bacterial growth. The incubation conditions for total

bacteria included a temperature of 37°C with a duration of 24-48 hours.

3.5.2 Yeast and mold

Potato Dextrose Agar (PDA) utilized as the microbiological growth medium to
assess the total viable yeast and mold growth. The incubation conditions for these

microorganisms involved room temperature, with a duration of 5-7 days.
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3.6 Evaluation of consumer preferences and purchase behavior using
online survey
The data used in this research are drawn from responses of online survey by using
structured questionnaire filled by 511 consumers from different geographical
regions of north Palestine during summer 2023. The questionnaire was designed to
analyze consumer preferences and purchase behavior toward locally produced
freekeh (green wheat). It was developed after to explore literature review on
freekeh. Respondents were asked questions concerning different aspects, grouped
in three different sections.
The questions in the first section of the questionnaire contained questions on socio-
demographic characteristics of respondents (e.g., sex, age, marital status, education
level, and income). These questions were included to determine if these
characteristics influenced their attitudes toward locally freekeh products. The
second section consisted of questions related to consumers’ purchase behavior
toward freekeh. Based on the most recent literature, respondents were asked about:
a. Their shopping habits toward local foods (e.g., buying behavior,
frequency of purchasing, place of purchase)

b. Attributes influencing consumer purchase behavior of freekeh

The last section of the questionnaire contained questions on consumer awareness

and attitudes toward local freekeh.

3.7 Statistical analysis
The data was tested using the SPSS (Statistical Package for Social Sciences)
version 21.0 program, Comparing the arithmetic mean values for both (laboratory
tests and questionnaire) to ensure the presence of significant differences and

statistical significance at the confidence level of 0.05

The differences in quality traits (chemical, physical, and microbiological
properties) between different companies have been evaluated by ANOVA. Means

were separated using Tukey’s test with P-value < 0.05 considered as significant.

The structured questionnaire underwent rigorous assessments to ensure both
content validity and reliability. Regarding validity, the questionnaire was
examined by three specialists who verified its elements and assessed their
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suitability for measuring the notion that the study aims to test. These were done to
guarantee content authenticity as well as face validity. The reliability of the
questionnaire was assessed using Cronbach alpha, with reliability values of 0.70
or above regarded accepted. 25 questionnaires were gathered as a pilot test to
measure reliability, and the results indicated that the Cronbach alpha result was
0.84. SPSS was used to analyze the data. The subsequent analyses were carried
out including analysis: Pearson correlations and descriptive statistics (such as
means, frequencies, and standard deviations) were acquired when needed.
Analysis of Variance (ANOVA) were applied to evaluate the effect of

geographical conditions on consumer preference and purchase behavior.
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Chapter Four: Results and Discussion

4.1 Chemical analysis

The data was analyzed using the (SPSS) program to comparing the actual and labelled
mean values of proximate analysis to ensure compliance between labelled and actual
values and if these differences between two values are reasonable in respect to
Palestinian standards.

Table (4.1) illustrates the actual chemical analysis of freekeh products (including
moisture, fat, protein, fiber, and ash content) in comparison to labelled values. Our
study showed that not all companies declared the nutritional value where some values
of proximate chemical properties can be extracted. The most frequently labelled values
were protein and fat contents. The products from seven companies out of nine
mentioned content of protein and fat. On other hand, only products from two companies
(LZ and SNN) out of nine mentioned ash and moisture content on product labels.
Regarding fiber content, five companies out of nine mentioned it on label.

Our findings showed that the actual moisture content in freekeh products from different
companies varied from 8.41 to 9.77% but without significant differences between
companies. If the actual moisture content compared to labeled value, there was no
significant differences. All values of moisture content for all products were in
compliance to Palestinian standards (moisture content should be below 13%) (PSI,
2019). The results of moisture content were in agreement with previous studies (Al-
Mahasneh & Rababah, 2007; Carsanba, 2017). In this context, moisture content in
different firik products in turkey found that its ranged from 10 to 11%.

In respect to actual fat content, the measured values were varied from 2.54 to 5.13%
in which there were a big difference in some companies between measured and
labelled values (ranged from 0.78 to 3.54%). Products from company SNN had
significantly the highest value compared to other companies. Moreover, products
from company NKH showed significantly the lowest fat content when compared with
other companies. Overall, the obtained results of fat content were in agreement with
previous studies (Abbadi, 2015; M. Bayram, 2008). On other hand, it was found that
fat content in firik products was ranged from 1.56% to 1.90% (Carsanba et al., 2017)
which disagreed with our obtained results. This confusion might be due to the fact that

the amount of fat content gradually decreased with the ripening process in wheat. In
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which harvesting freekeh on an early stage result in higher fat content than harvesting
it on late stage.(Pekkirisci, 2023)

Ash contents vary significantly between different products from different commercial
sources. In particular, the measured ash content varied from 1.5 to 2.15% but at the
same time was far from labelled value (6.22%). In a previous study, different freekeh
products had a range of ash content 1.61-2.01% (Carsanba, 2017). Company MN
exhibited significantly the highest ash content and company SKF showed significantly
the lowest ash content compared to remaining companies. The big difference between
measured and labelled values of ash may be attributed to bias in the labelled value
because the variance in measured values is very low. Moreover, in a previous study,
ash content range for freekeh products was 1.75 — 2.57% (Bayram, 2008) which also
near the obtained results. In addition, all ash content results follow the Palestinian
standards (ash content should be below 2.5%). (PSI, 2019)

There were noticeable differences in the mean values of measure fiber content (FC)
ranging from 4.40 to 12.43%. Samples which were drawn from company LZ had
significantly the highest fiber content (12.43%, p<0.05) compared to other samples
from all remaining companies. On contrary, samples from company SNN exhibited
significantly the lowest value (4.4%, p<0.05) if compared to other companies. There
was a big variance in fiber content between measured values and labelled value. For
example, company SNN, AFC between measured and labelled values was 9.4%. (Aani,
2008; M. Bayram, 2008) showed in their studies that fiber content range 3.00-4.66%
which is far from the obtained results. This variation may due to loss of bran or part of
it, where most of fiber locate, through manufacturing process.

There were significant differences in the mean values for measured protein content
between different products from different companies. There was wide variation in
protein content between products ranging from 9.65 to 16.88. Company AQ exhibited
significantly the highest protein content (16.88%, p<0.05) compared to other products.
On the contrary, products from company SKC had significantly the lowest protein
content (9.65%, p<0.05) compared to other products. In general, our findings were in
agreement with previous studies (Bayram, 2008; Ozkaya, 1999; Pekkirisci, 2023)
where the values of protein contents in freekeh products ranged from 8.9 to 12.2%
(Carsanba et al., 2017).
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In general, there was an agreement between measured value and labelled value of
protein some companies had such as SNN, SHQ, NKH, and LZ where the difference
was less than 1%. On other hand, there was high variation between measured and
labelled values of protein in products of company KS and SKF and this may be
attributed due to mislabeling because measured values were in agreement with previous
studies.(Bayram, 2008; Carsanba, 2017; Ozkaya, 1999)
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Table 4.1: Chemical analysis of the study sample.

Moisture analysis %

Ash content %

Crude fat content %

Crude fiber content %

Protein content %

Product Measured Measured Measured Measured Measured

NV NV NV NV NV

Mean = SD Mean = SD Mean = SD Mean = SD Mean = SD
AQ 9.26 + 0.32 NA 156 + 0.03ab NA 3.79 + 0.11bc NA 6.50 + O.4lbc NA 16.88 +1.018 NA
KS 8974050 |NA  |209+006® |NA |322+012™ | 177 | 7842029 442 | 1461114 | 35
LZ 9.75+0.11 10 1.77 +0.03® [6.22 | 413+0.19% 0.78 12.43+ 1.80° 14 15.70 £ 0.97¢ 15
MN 846+ 176 NA 215 +0.132 NA | 3.92+0.23% NA 7.53 £0.14° NA | 11.51+0.72° NA
NKH 841+ 0.48 NA 205 + O32ab NA 2.53 + 016d 27 6.97 + 064b 16.5 11.99 + O33b 12.6
SHQ 938 +0.33 NA 154+019 | NA | 3.43+0.09" 25 5.82 +0.51" 10 1530+1.14° | 15
+ cd + b + b
— 8.68 + 0.50 NA 186 +0.11% NA | 254+0.11 357 6.99 + 0.65 NA 9.65 + 1.20 ;4.2
ab b b

— 973 4 0.18 NA 1,50 4 0.475 NA | 442+0.84 357 7.76 +1.01 NA 10.12 + 0.65 ;4.2
SNN 9.77 £ 0.22 10 2.02+0.042 |6.22 | 513+£0.93% 0.78 4.40 £ 0.76° 14 10.59 + 0.54° 15
Pvalue | (g <0.05 <0.05 <0.05 <0.05

INV: Nutritional Value
2NA: Not available
3SD: Standard deviation

Different superscript letters in the same column are different statistically (p<0.05)
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Table 4.2: Mineral Analysis.

Mineral
Product | mg Na/ 100g sample mg K/ 100g sample

Measured Measured

NV NV

Mean = SD Mean = SD
AQ 1.37+0.35 NA 453.30£19.05 | na
KS 1.91+0.54 720 476.61 £115.90 | \A
LZ 1.73 +0.31 NA 448.94+91.21 | Na
MN 2.32+0.062 NA 464.62£36.04 | \a
SHQ | 1.02+0.012 NA 295.49£75.49 | \A
SKC 1.74+0.35 NA 456.38+69.38 | \a
SKF 1.34+0.88 NA 355.92£69.81 | A
SNN 1.95+0.71 NA 376.73£26.55 | \aA
P value | 0.65 0.26

INV: Nutritional Value
2NA: Not available
3SD: Standard deviation

Table (4.2) presents the measured mineral content of freekeh products in comparison to labelled
values. Almost all companies did not declare Na content on the nutritional value except for NKH
and KS. On other hand, for K content none of them mentioned it.

Our results indicated a range of actual Na content in freekeh products from 1.02 to 2.32 Na
mg/100g sample. However, there were no significant differences observed between the companies
in this regard. Products from MN had the highest mean value compared to other companies. The
lowest mean value was for SHQ company. In contrary, measured values notably differed from the

labeled one. The labelled value for KS company reach around seven hundred time more than the
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measured. This variation could be due to mislabeling, given that the measured values aligned with
findings from earlier studies (Ozkaya, 1999).

The mean values for measured potassium (K) content did not indicate significant differences
among the various products from different companies. Although there was a slight variation
between companies actual content, as the highest value for K content was 591.09 mg/100 g
sample for NKH company, and the lowest was 295.49 mg/100g sample for SHQ. Overall, our
findings concurred with prior studies, indicating that K contents in freekeh products typically
ranged between 370 — 458 K mg/100 g sample.(Ozkaya, 1999)

4.2 Physical analysis

Three samples were taken from the main sample of each company, and an analysis of variance
(ANOVA) test was conducted using the SPSS program. The mean values for both color and
impurities were calculated. Subsequently, a statistical analysis was performed to confirm the
presence of significant differences and ensure statistical significance at a confidence level of 0.05.

Table 4.3: Physical analysis (color measurement).

Color

Product L a B

Mean + SD?! Mean = SD Mean + SD
AQ 49.012 + 0.82° 0.67 + 0.46™ 14.02 + 1.34
KS 55.91 + 1.712 2.35 £ 0.14° 17.69 +0.15
LZ 50.84 + 2.09" 0.98 +0.16 15.96 + 1.39
MN 50.70 + 0.95 0.30 £ 0.27° 15.57 + 0.82
NKH 49.61 + 1.20 -1.07 + 0.62¢ 14.48 + 0.83
SHQ 48.09 + 0.73¢ 1.05 + 0.18¢ 15.19 +1.20
SKC 49.36 + 1.37" 1.43 + 0.35%° 14.25 + 0.57
SKF 52.68 + 0.99% 1.48 +0.73% 16.47+0.84
SNN 47.58 +0.86° 0.55 + 0.30™ 14.57 +1.30
P value <0.05 <0.05 0.47

1SD: Standard deviation

Different superscript letters in the same column are different statistically (p<0.05)
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Table (4.3) shows the color L*,a*,b* values for freekeh products from different companies. There
is a significant difference between companies for L* value. SNN company had the darkest product
which is the lowest mean value (47.58, p<0.05). conversely, KS company had the brightest
freekeh product that had the highest mean value (55.91, p<0.05). There was no agreement between
the present study and the previous findings for L* values. (Yang, 2012) found that the L* value
for immature wheat is around 37.4 and the L* value for the mature wheat is around 45.4 . However,
(Y1ldirim, 2020) agreed with our obtained result as they rank 53.50 as the best L* value.
Significant variations were observed in the mean values of measured a* value, ranging from -1.07
to 2.35. Notably, samples obtained from company KS displayed the highest a* value (2.35,
p<0.05), significantly different than those from all other companies. On contrary, samples from
company NKH showcased the lowest value (-1.07, p<0.05) in comparison with the other
companies. It is an expected result that the a* value of the freekeh samples is low, indicating a
green color, due to the fact that freekeh is harvested and produced before maturity.

Our findings indicated a range of b* value results in freekeh products across different companies,
ranging from 14.02 to 16.47. Nevertheless, no notable differences in these values were observed
between the assessed companies. Moreover, they are compliance with the previous findings.
(Ozberk, 2023)

Taking everything into consideration, it could be reach upon that freekeh products used for our
study could be harvested on an early stage of maturity, due to the increase of L* value and positive

a* value for most of the results, making them not far from mature wheat values.(Yang, 2012)
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Impurities existence plays an important role in consumers purchasing decision, in which there was
no significant difference through all demographic characteristics in evaluating the importance of
"Free from impurities” attribute, where the all answers were between 8-9 in a scale from 1-10
(where 1 is less important and 10 is very important). Based on Palestinian standards, all freekeh
products goes with its compositional standard for stones, where all the results are below 0.5% and
had no significant difference as shown on table 4.4

Other impurities such as stems, straws and other seeds had a significant difference between freekeh
products. NKH had zero result which make it the lowest value. Otherwise, MN company had the
highest value (2.05%, p<0.05) making it not approved from Palestinian Standard Institute (PSI)

and had the least chance in Palestinian market.

Table 4.4: Physical Analysis (Impurities).

Impurities
Product Stones % Other impurities %

Mean = SD Mean = SD
AQ 0.00 0.75+ 0.530%
KS 0.00 0.21 + 0.22%®
LZ 0.00 0.59 + 0.48%
MN 0.38+0.53 2.05 + 1.442
NKH 0.02+0.03 0.00°
SHQ 0.00 1.01 + 0.36%®
SKC 0.00 1.26 + 0.98%®
SKF 0.00 0.04 +0.06°
SNN 0.00 1.07 £ 0.36%®
P value 0.23 <0.05

1SD: Standard deviation

Different superscript letters in the same column are different

statistically (p<0.05)
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4.3 Microbiological analysis

Microbiological analysis was conducted to assess the growth of microorganisms (total aerobic
count and yeast & mold) in three replicates (three dilutions, 10 to 10%) for each sample of the
non-ground wheat product of each of the nine companies. An analysis of variance (ANOVA) test
was performed using the SPSS program, and the mean values (average growth) were calculated to
ensure statistical significance at a confidence level of 0.05.
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F]
[ 4 04 I
=11}
=]
— T
g T
E 3.0+
-
% =
8 - x
2 ==
K] 209 T
E T I
3 1
-
1.07
b od be d a be be [ be
0.0 T T T T T T T T T
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Different superscript letters in the same column are different statistically (p<0.05)

Figure 4.1: Statistical analysis of fungal growth (mold and yeast).

Yeast and molds count of freekeh products were showed in figure 4.1. All samples had lower
yeast and molds count than the accepted limit (10%to 10* cfu/g) that approved by Food and Drugs
Administration (FDA, 2013). Obtained freekeh results had a significant difference between
products. NKH company induced the highest yeast and mold content, while MN had the lowest.
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Figure 4.2: Statistical analysis of bacterial growth.

The total bacterial count for all freekeh samples is detailed in figure 4.2. Each sample counts
followed the limitation threshold approved by the FDA for wheat (FDA, 2013).

There were significant differences in the mean values for total aerobic count between different
products from different companies. Company SKC exhibited significantly the highest total aerobic
count (~4 cfu/g, p<0.05) compared to other products. On contrary, products from company MN
had significantly the lowest total aerobic count (~1.5 cfu/g p<0.05) compared to other products. In
general, our findings were in agreement with previous study conducted in Iraq where the values of

total aerobic count in freekeh products ranged from <100 to 10° cfu/g.(AlHendi, 2018)
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4.4 Questionnaire analysis
A questionnaire was prepared to collect information about consumer preferences and purchasing
behavior towards locally produced freekeh (green wheat). It comprises three sections:

1. Demographic information: includes social and demographic details of the study sample,
such as (gender, age, educational level, marital status, place of residence, and income in
Shekels).

2. Purchase behavior and characteristics: delves into several aspects exploring purchasing
behavior and the characteristics influencing consumers' freekeh buying decisions.

3. Consumer awareness and behavior: involves a series of questions about consciousness and
conduct of consumers towards locally produced freekeh.

It was distributed to a random sample of 511 individuals through an online survey on Google form
in Palestine. Statistical analysis using SPSS was employed to analyze the questionnaire data,
aligning with the research content and hypotheses used in the study, the graphical representations

illustrate the data inputs collected through the questionnaire.

4.4.1 Descriptive analysis of the demographic characteristics of the study sample

Figure 4.3 gender distribution of the study samples that included 511 respondents. Our study
showed that the percentage of females was 71.8%, and males was 28.2%, it is noticeable that the

percentage of females is significantly higher than that of males.

Gender

® NMale
® Female

Figure 4.3: Demographic Characteristics Variable (Gender).
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® Lessthan 20

®20-30
30-40

@40 -50

@ More than 50

1 4.7%

Figure 4.4: Demographic Characteristics Variable (Age).

Figure (4.4) illustrates the distribution of the questionnaire respondents among different age
groups. The highest percentage was for the age group of 20-30 years, with a slight difference from
the 30-40 years age group. This could be due to the fact that Palestinian population is a youth
population, also as the survey was distributed on internet, this age groups reach it easily. On other
hand, the lowest percentage was for age group less than 20 years whose still dependent, mostly
do not contribute in purchasing process.

Educational level

® Primary school

® Secondary school
Diploma degree

@ Bachelor degree

® Master's degree

® Doctorate degree

® Not educated

® Other

Figure 4.5: Demographic Characteristics Variable (Educational level).

Educational level for the respondents across all categories displayed in figure 4.5. More than half
of respondents 54.8% was for bachelor's degree, making a significant different between this
category and the rest of categories. Followed with Secondary school, Master's degree and Diploma
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degree where the difference between these three categories was only around 2%. The percentage
of educated participants was notably high.

Marital status
® Single
® Married
o Widow
® Divorced
P [ 25%

Figure 4.6: Demographic Characteristics Variable (marital status).

Figure (4.6) represents the marital status. Our study showed that the percentage of married
respondents were 69.5%, and for single respondents were 24.9%, it is noticeable that the
percentage of married is significantly higher than other marital status. That is expected as the
Palestinian people tends to settle and start a family.

Area of living

® Camp
® Village
® City

[5%]

Figure 0.7: Demographic Characteristics Variable (area of living).
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Figure (4.7) display the area of living for the questionnaire respondents. The highest percentage
lives in villages, followed by cities with slight difference, where camps had the lowest percentage
with a big difference in percentages of respondents lives in cities and villages.

Working status

%
-

® Full-ime
® Part-time
@ Do notwork

Figure 04.8: Demographic Characteristics Variable (working status).

Due to the fact that Palestinian women acquire only 19% of workforce (PCBS, 2022), and on our
study 71.8% of respondents were females, "Do not work™ had a high percentage (40.5%). However
the highest percentage was for the full-time work. Part-time word had significantly the lowest

percentage.

Income (NIS)

® <1500
® 1500-3000
@ 3000-3000
® >5000

Figure 4.9: Demographic Characteristics Variable (income (NIS)).
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Figure (4.9) displays the income in shekels for surveyed individuals. Most of the participants had
an income between 3000-5000 NIS, followed with a slight difference for participants who had an
income between 1500-3000 NIS. Less than 1500 NIS had the lowest percentage in comparison
with other categories.

Living status

® Ilivealone
® Ilive with my family

5.9%

Figure 4.10: Demographic Characteristics Variable (living status).

Figure (4.10) shows that the vast majority of individuals in the sample live with their families,
which is an indicator of the familial nature of the living situation. Participants who lives alone
acquire only 5.9% of the whole sample.

4.4.2 The Descriptive Analysis (Purchase Behavior) of the Study Sample

In this section, the data is analyzed to understand the Purchasing behavior of freekeh product by
answering a set of questions. The analysis is presented through (pie-chart) graphical
representations.

Which of the following best deseribes your purchase behavior?

@ [ do the majonity (more than 20%%6) of

the shopping in my hovsshold
@ [ purchase food for my household occasionally, but

am not the main food shopper onlv
© [ rarely purchase food for my housshold

Figure 4.11: Analysis Question 1 Purchasing behavior.
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It is noticeable in figure 4.11 that the percentage of surveyed participants who do more than 50%
of shopping significantly higher than the other options, it is acquire almost the half of individuals
(49.9%). However, those who rarely do the shopping process had the lowest percentage (19.2%).

Where do you (or the main food buyer in your household)
normally purchase your food from?
® Large supermarket

® Small supermarket

Figure 4.12: Analysis Question 2 Purchasing behavior.

Figure (4.12) displays that the highest percentage for the response to the question "Where do you
usually shop for household items?" was for ""Large stores" at 64.4%, while 35.6% shop from small
stores. There is a significant variation, with the majority purchasing from large stores which mostly

sold branded freekeh products.

Do you buy freekeh by yourself?

® Yes
® No

Figure 4.13: Analysis Question 3 Purchasing behavior.
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Figure 4.13 present answers percentage of the question "Do you buy the freekeh product
yourself?". It is noticed that participants who buy freekeh products by themselves had the highest
percentage (78.7%). However, the participants who answered "No" had only 21.3%.

If yes. Do you buy specific brand?

®Yes
® No

Figure 4.14: Analysis Question 4 Purchasing behavior.

If the response to the previous question in figure (4.13) was "Yes, | buy the freekeh product
myself," figure 4.14 displays the response to question "Do you buy a specific brand?". The
majority (63.2%) answered "No" to buying a specific brand, This shows the importance of product
quality in the purchasing decision-making process. On other hand, 36.8% of those who answered
"Yes" buy a specific brand. There is a significant variation, with most not buying a specific brand.
This suggests that interest may be more directed toward general product characteristics rather than

loyalty to a specific brand.

Which of the following statements describes your
consumption of freekeh?

® [ consume the product
periodically and prefer it
@ Sometimes [ use it but
3.3% it's not my favorite
I donot consume the
product at all

Figure 4.15: Analysis of Question 5 Purchasing behavior.

Figure (4.15) present those respondents who do not consume freekeh products had significantly
the lowest percentage (3.3%). On contrary, individuals who sometimes consume freekeh product
but it's not their favorite had the highest percentage (55.1%). However, those who prefer and
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consume freekeh product had a slight difference with the later acquiring 41.6%. In conclusion
freekeh is not the preferred product for more than half of the individuals, but there is a portion that
prefers the product and consumes it regularly. This shows the presence of a group of consumers
who prefer diversity in their consumption, and also that the percentage of freekeh consumption is
average.

4.5 Photos analysis

A set of images were captured and presented to the study participants to answer which image they
prefer to purchase and the reason for choosing that image. In which through each group all factors
are constant only one targeted factor was changed. The images were divided into three groups as
follows:-

1. Group (1): constant factors are grading degree and color, changed factor is existence of
impurities or not.

2. Group (2): constant factors are color and impurities, changed factor is grading degree.

3. Group (3): constant factors are impurities and grading degree, changed factor is color.
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Group 1 (impurities)

(1)

(with impurities)

)

(without impurities)

Group 1
[
@2
The reason you chose the image is due to

@ Impurities

@ Color

© Grading degree

| 3.6% ® There is no difference

Figure 0.16 Analysis of Question 1 Image (group 1).

It is noticeable on figure 4.16 that the percentage of participants who chose Image 2 (without
impurities) is noticeably higher than that Image 1 (with impurities). The reason for choosing Image
2 was attributed to impurity factor, and this was obvious for participants as the major percentage
(53.7%) answered that they would buy the product from Image 2 due to impurity factor.

This high percentage of choosing the impurities factor shows that existence of impurities affect
purchasing decision significantly. Consequently, NKH company could have the higher selling
opportunity as it had the lowest mean content of impurities based on our study findings.
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Group 2(Refined or not)

1) ()

(coarse, unrefined)

The reason you chose the image is due to
@1 "
9> . @ Impunties

y o 3% N @ Color
- ' 0 Grading degree
® There is no difference

Figure 4.17: Analysis of Question 2 Image (group2).

As shown in Figure 4.17, 64.8% chose Image 2 (unrefined), compared to 35.2% who chose Image
1 (refined). There was a significant different between the two options. On the next question that
asked about the reason of choosing, the results were diversified and close to each other for three
factors: grading factor (38.2%), impurities (33.4%) and color (24.1%). However, the results were
close maybe due to the fact that consumers do not differentiate between the degrees of grading.
Also, as shown on Figure 4.21 the last question of the questionnaire (Which type of Freekeh do
you consume?), 32.1% answered (any type, it does not matter) which indicate that even if they
differentiate it does not affects the purchasing decision highly.
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Group 3 (color)

1) )
(Co. name: KS) (Co. name: NKH)

Group 3

@1
@2

The reason you chose the image is due to

® Impurities

® Color

© Grading degree

® There is no difference

| 2.2%

Figure 4.18: Analysis of Question 3 Image (group 3).

There is a significant variation between the participants choosing image 1 and participants
choosing image 2. The highest percentage was for image 2 with 70.8% which is for NKH company.
On other hand, image 1 which is for KS company, had only 29.2% responses. It is noticeable that
the reason for most respondents was color, which had the highest percentage (73.2%) of the next
question (the reason of choosing the image).

Based on previous studies, NKH pose the best color of freekeh product, as shown in table 4.3 , L*
value is lower than the other freekeh product and a* value is the only negative value, indicating
that freekeh product had been harvested on time. (Ozberk, 2023; Yang, 2012) Conversely, KS
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company had the highest values for both L* and a* value indicating that their freekeh product
harvested on a late time which make its results near mature wheat.

4.6 Consumer awareness and attitudes toward local freekeh

Analysis of the third section of the questionnaire on consumer awareness and behavior towards
local Freekeh products involved presenting a set of questions and analyzing them.

Have you ever heard about Landraces grains?

® Yes
24.1% ® No
I don't know

Figure 4.19: Analysis of Question 1 consumer awareness.

Figure (4.19) illustrates consumer awareness of landraces freekeh. The question 'Have you heard
about landraces grains?' received a significantly high percentage of 63.8% (yes) response. The
answer (I do not know) had the lowest percentage. The analysis shows that there is a good
awareness among consumers about the landraces grains, with more than half having heard of it.
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Which type of Freekeh cultivars have you heard of?

Kahatat
Heitia safra
Heitia beda

Cham 5

Noorsi
Kahla
Anbar
Numra §

30 (5.9%)
25 (4.9%)
14 (2.7%)

14 (2.7%)
20 (3.9%)
29 (5.7%)

75 (14.7%)
23 (4.5%)

Nabeljama 27 (5.3%)
Horani 27 50 (9.8%)
I don't know any of them 381 (74.6%)
0 100 200 300 400

Figure 4.20: Analysis of Question 2 consumer awareness.

Figure (4.20) display the percentage of participants heard about each mentioned freekeh cultivars.
It is significantly noticeable that the majority (74.6%) did not know any of them indicating that
many individuals are not familiar with Freekeh cultivars (landraces or introduced). All freekeh
cultivars had relatively low percentage. However, the highest percentage for freekeh cultivars
(both landraces and introduced) was for Anbar 14.7% which is an introduced cultivar. While the
lowest percentage for introduced cultivars (which are: Anbar, Horani 27, Numra 8, Noorsi and
Cham 5) was 2.7% for Cham 5 cultivar. Regarding landraces cultivars (which are: Kahatat, Kahla,
Nabeljamal, Heitiasafra and Heitiabeda) the highest percentage for them was for Kahatat 5.9%,
while the lowest was for Heitiabeda 2.7%.

The results show a significant lack of awareness of the varieties of freekeh. However, the answer
here is not important for consumers because the classification does not play an important role in
purchasing freekeh.

45



Which type of Freekeh do you consume?

® Fine
® Coarse

Any type. it does
not matter

Figure 4.21: Analysis of Question 3 consumer awareness.

Figure (4.21) show the answers for this question (‘which type of Freekeh do you consume?'). The
highest percentage was for coarse type with 42.5%, while the lowest percentage was for Fine type
with 25.4%.

The results indicate that the difference between coarse and fine freekeh does not plays an important
role in purchasing decision, as a high percentage of participants (32.1%) do not matter about the
type of freekeh.

4.6.1 Pearson correlation

In this section, the Pearson correlation coefficient is computed for study variables. This coefficient
reflects the degree and direction of the relationship between variables, ranging between +1 and -
1.

The second part of the survey, focusing on purchasing behavior, has been analyzed. Specifically,
the "Attributes influencing consumer purchase behavior of Freekeh” were examined to answer the
question, "Which of the following attributes do you consider most important and less important
when buying Freekeh?" These attributes were analyzed using correlation coefficients, means, and
significance levels extracted through p-values.
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Table 4.5: Pearson correlation coefficient (age, educational level, income, purchase behavior).

Age Educational level | Income (ILS) | Purchase behavior
Educational level 0.119%
Income (ILS) 0.264* | 0.310%
Purchase behavior 0.218* | 0.078 0.208*
Naturalness 0.119% | 0.033 0.183* 0.025
Size & weight of product 0.155% | -0.048 0.062 0.096*
Product's safety 0.089*% | 0.053 0.146% 0.055
Grain shape & appearance 0.093* 0.049 0.072 0.031
Nutritional value -0.003 -0.010 -0.035 -0.038
Grains color 0.143# -0.033 0.063 0.013
Free from impurities 0.066 0.018 0.059 0.058
Price 0.013 -0.156%* -0.126* -0.078
Flavor -0.016 -0.055 0.043 -0.001
Hardness (maturation stage) | 0.099* -0.059 -0.025 -0.036
Free from pesticide residue | 0.058 -0.022 0.068 -0.010
Package design 0.034 0.015 -0.039 -0.016
Ease of use -0.017 -0.083 -0.080 -0.039

*: Correlation is significant at the level 0.05

Table (4.5) shows the results of Pearson correlation coefficients between demographic

characteristics. It can be summarized as the following:

1. Age: almost all characteristics shows a weak to very weak direct correlation except for

some of them (ease of use, flavor and nutritional value) shows a very weak inverse

correlation.

2. Educational level: had a weak positive relationship with age and a very weak direct

correlation with purchase behavior, naturalness, product's safety, grain shape and

appearance, free from impurities and package design. For the rest of characteristics, it had

a weak negative relation.

3. Income: almost all relationship can be described as very weak and direct, except for ease

of use, package design, hardness, price and nutritional value had also a weak but inverse

relationship.
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4. Purchase behavior: a very weak negative correlation with all characteristics except for

naturalness, product's safety, size and weight, grain shape and appearance, grain color and

free from impurities had weak positive relationship.

Table 4.6: Pearson correlation coefficient (naturalness, size & weight of product, product’s safety, grains

shape and appearance).

Naturalness c?:‘ZSrf dn/;atight Product's safety S;S;giaztzpe and
Size & weight of product 0.463*
Product's safety 0.554* 0.325*
ggg;ance shape —and | ) /o 0.367* 0.663*
Nutritional value 0.437* 0.314* 0.534* 0.561*
Grains color 0.420* 0.336* 0.520* 0.683*
Free from impurities 0.405* 0.276* 0.660* 0.591*
Price 0.097* 0.365* 0.220* 0.225*
Flavor 0.461* 0.301* 0.627* 0.585*
Hardness (maturity stage) 0.310* 0.322* 0.493* 0.571*
Free from pesticide residue | 0.486* 0.287* 0.678* 0.560*
Package design 0.114* 0.242* 0.063 0.199*
Ease of use 0.173* 0.198* 0.203* 0.308*

*: Correlation is significant at the level 0.05

The table (4.6) illustrates the correlation between the characteristics influencing consumer buying

behavior for Freekeh. These results suggest the following:

1. Naturalness: had a weak to moderate direct relationship with all characteristics.

2. Size & weight of product: almost all characteristics had weak positive relationship.

3. Product's safety: there is variation in correlations through different characteristics, in which

it had weak positive relationship with ease of use, package design and price. While it had

a positive weak to moderate relationship with the rest of them.
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4. Grains shape & appearance: had a weak to moderate positive relationship with all the

characteristics.

Table 4.7: Pearson correlation coefficient (nutritional value, grains color, free from impurities, price).

Nutritional value | Grains color | Free from impurities | Price
Grains color 0.610*
Free from impurities 0.492* 0.519*
Price 0.316* 0.289* 0.302*
Flavor 0.551* 0.580* 0.649* 0.304*
Hardness (maturity stage) | 0.517* 0.644* 0.473* 0.368*
Free from pesticide residue | 0.599* 0.564* 0.645* 0.298*
Package design 0.221* 0.233* 0.140* 0.357*
Ease of use 0.356* 0.323* 0.322* 0.267*

*: Correlation is significant at the level 0.05

Table (4.7) shows the correlation between the characteristics influencing consumer purchasing

behavior for Freekeh, the correlation values showed the follow:

1. Nutritional value: had positive weak to moderate relationship with all characteristics.

2. Grains color: had a moderate direct correlation with all characteristics.

3. Free from impurities: related to the characteristics with a weak to moderate direct

correlation.

4. Price: had a weak positive relationship with characteristics.
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Table 4.8: Pearson correlation coefficient (flavor, hardness, free from impurities, package design).

Hardness Free from | Package
Flavor . . . .
(maturity stage) | impurities design
Hardness (maturity 0.543*
stage)
Free from pesticide 0.657* | 0.593*
Package design 0.170* | 0.278* 0.208*
Ease of use 0.327* |0.391* 0.349* 0.593*

*: Correlation is significant at the level 0.05

Table (4.8) indicated the correlation between the characteristics influencing consumer buying

behavior for freekeh. All the results show a weak to moderate positive correlation.

4.6.2 Variance testing and descriptive statistics

Surveyed individuals were asked to evaluate some freekeh product characteristics that affect's
purchasing behavior. On a scale from 1 to 10 (1 less important and 10 very important) for each

criterion. The results showed on the following tables.

Table 4.9: Variance testing and descriptive statistics (Gender).

Male Female

Mean + SD Mean + SD Prvalue
Naturalness 8.56 £2.10 8.64 £ 2.26 0.69
Size & weight of product 7.31+£2.30 6.91 + 2.82 0.13
Product's safety 9.20+1.62 9.22+1091 0.93
Grains shape and appearance | 8.65+1.73 8.90£2.01 0.20
Nutritional value 8.51+1.99 8.88 + 2.07 0.07
Grains color 8.35+1.93 8.53+2.09 0.38
Free from impurities 9.33+131 9.22+1.96 0.54
Price 7.67+2.40 7.32+2.85 0.20
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Flavor 8.87+1.64 9.19+1.79 0.06
Hardness (maturity stage) 8.31+£1.97 851+221 0.33
Package design 7.06 £ 2.49 6.27 £ 2.91 <0.05

1SD: Standard deviation

Table (4.9) show that there is no significant difference between males and females for most of the

criteria that influence consumer's purchase behavior. The highest mean value for both males and

females are for "free from impurities” characteristics, (9.33, 9.22) respectively. In addition, both

males and female agreed strongly on product's safety criteria in which the difference between their

mean value were less than 0.02. On other hand, there was a significant difference between male

and female on package design, surprisingly, males showed high interesting in the package design

more than females. In general, results showed that there is no significant difference between males

and females for all criteria except for package design.

Table 4.10: Variance testing and descriptive statistics (Age).

Less than 20 | 20-30 30-40 40-50 More than 50 | P-
Mean + SD Mean = SD Mean + SD Mean + SD Mean + SD value
Naturalness 8.04+251 [836+247 [873+205 [882+247 |9.05+1.86 0.10
Size & weight
of product 6.83+2.87% |659+2.56° |6.92+2.86% |7.60+258° |7.79+243* |<0.05
Product's 8.63+2.55° [9.12+1.90® [9.15+1.98% |[9.66+1.01® |9.29+1.73% |0.09
safety
Grains shape | 7.96 +3.18° [8.82+1.77° |871+220*° [9.10+1.60* |9.12+1.39° |0.08
and
appearance
Nutritional 888+165 |[874+207 [880+165 [888+205 |867+205 0.97
value
Grains color 7.92+226° [8.22+207% |846+229% |889+1.72% |891+1.45° <0.05
Free from | 8.67 £2.60° |9.28+1.80® [9.12+1.99% |9.42+1.37° |9.49+140° |0.26
impurities
Price 8.46+2.19% |7.28+2.73° |[7.11+293" |8.04+241% |7.38+2.66° <0.05
Flavor 925+1.33 [9.12+1.74 [9.08+1.89 [9.07+159 |9.08+1.81 0.99
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Hardness 833+220 |[8.26+217 840+233 ([865+212 |892+153 0.24
(maturity

stage)

Package design | 6.96 + 3.01 6.47 £2.75 6.18 £ 2.91 6.59 + 3.03 6.99 +2.41 0.32

1SD: Standard deviation

Different superscript letters in the same column are different statistically (p<0.05)

Table (4.10) shows the analysis of features influencing consumers' freekeh purchasing behavior

based on the age variable across different age categories ranging from less than 20 to over 50. The

mean values for all age groups varies between 9.49 and 6.18. The highest mean value was observed

for the age group over 50 for the criteria "Free from impurities,” while the lowest mean value was

for the age group 30-40 for the feature "Package design."”

The mean values across different age groups do not exhibit significant differences. Moreover, the

variables "Size & weight of product,” "Grains color,” and "Price" suggesting that there is a

significant difference between age groups.

Regarding size & weight of products and grain color, their mean value decreased with decreasing

the age. Indicating that quality is more important and valuable with increasing age. Conversely,

price mean value is varied which affected by income.

Table 4.11: Variance testing and descriptive statistics (marital status).

Widow Single Married Divorced P value
Mean £SD Mean + SD Mean + SD Mean + SD
Naturalness 8.56 + 2.94 8.22 +2.33 8.74 +2.15 931+111 0.09
Size & weight of | 7.25+3.19 6.76 +2.41 7.10+2.76 7.15+261 0.64
product
R — 881271 |897+203 9.31+1.73 9.39+0.87 |0.24
Grains shape and |9.13+1.45 8.57+2.05 8.91+1.92 8.69 +1.93 0.33
appearance
Nutritional value 8.19+3.10 8.76 + 1.87 8.82 +2.06 8.39+2.18 0.58
Grains color 8.63+1.86 8.15+2.12 8.60 +2.01 8.15+241 0.18
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Free from impurities 9.56 +1.26 9.11+2.04 9.28+1.76 9.46 £ 0.66 0.68
Price 7.25+3.21 7.40 +2.29 7.45+2.76 6.92 + 2.87 0.91
Flavor 9.00 +1.83 8.98+1.78 9.16 +1.75 8.77+1.42 0.68
Hardness (maturity | 8.63 +2.00 8.14+2.14 8.56 + 2.17 8.54 + 1.66 0.31
stage)

Package design 6.19+333  |6.65+2.70 6.41+2.86 754+215  [0.45

1SD: Standard deviation

From Table (4.11), we observe the analysis of features influencing consumer purchasing behavior

of freekeh, according to the variable of marital status. The results of the mean values for all

categories varied between 9.56 and 6.19. The highest value is for the married status in the "Free

from impurities” feature, while the lowest value is for the married status in the "Package design"

feature.

In general, there is no significant difference between marital status. Indicating that all features play

an important role in purchasing behavior neglecting the marital status.

Table 4.12: Variance testing and descriptive statistics (Area of living).

Village Camp City P value

Mean = SD Mean = SD Mean = SD
Naturalness 8.77 £ 2.06 8.40 £ 2.25 8.49 £ 2.36 0.33
Size & weight of | 7.08+2.72 6.33+2.73 7.04 £ 2.64 0.35
product
Product's safety 9.17+1.85 9.13+2.03 9.27+1.79 0.81
Grains shape and|8.72+2.13 9.03+£1.30 8.92+1.78 0.46
appearance
Nutritional value 8.80+2.10 9.17 + 1.66 8.70 £ 2.05 0.49
Grains color 8.54 +2.01 8.83+1.32 8.35+2.15 0.37
Free from impurities | 9.20+£1.90 9.27£1.96 9.30 £ 1.67 0.85
Price 7.48 £2.78 7.40 £2.95 7.35+2.66 0.86
Flavor 9.15+1.76 9.40 £ 0.89 9.00+1.82 0.40
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Hardness (maturity | 8.51 + 2.20 8.83+£1.37 8.34£2.17 0.42
stage)
Package design 6.46 £ 2.94 6.40 £ 2.98 6.53 + 2.68 0.95

From Table (4.12), the analysis of features influencing consumer purchasing behavior of freekeh,

according to the area of living (village, camp, city), reveals that the results of the mean values for

all regions varied between 9.40 and 6.33. The highest mean value is for the camp in the "Flavor"

criteria, while the lowest mean value is for the camp in the "Size & weight of product” criteria.

Furthermore, p-value for all criteria for different residence were greater than 0.05, indicating that

all criteria influencing purchasing behavior had no significant difference between area of living.

Taking everything into consideration, it could be reach upon the final analysis that the most

powerful criteria influence the purchasing decision for all groups (gender, age, marital status and

area of living) are free from impurities, product's safety and flavor. On contrary, the least criteria

that affect the purchasing decision are package design, size & weight of product and slightly price.
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Chapter Five: Conclusion and Recommendation

5.1 Conclusion

In conclusion, freekeh products marketed commercially in Palestine vary in their chemical
properties according to the source. This indicates that the product practices for freekeh in
Palestine are not similar and may vary according to pre- and post-harvesting conditions. It is
common in Palestine that freekeh products are categorized commercially based on particle
size and harvesting stage. One of the main quality limitations of freekeh products that are
available in the Palestinian market is the presence of physical impurities from the field, such
as stones, soils, straw, husk, etc. This aspect greatly affects purchase behavior and buying
decisions. Therefore, it is important to improve the agricultural practices in freekeh production

to enhance the marketability of the products.

5.2 Recommendation

1. Implement a comprehensive quality control system for the production of Freekeh,
encompassing the entire process from harvest to packaging.

2. Manufacturers must ensure that the nutritional information stated on the final Freekeh
product accurately reflects its actual values. Additionally, the nutritional profile should be
expanded to provide more detailed information.

3. Given the heightened emphasis on health concerns in contemporary society, it is
imperative to capitalize on consumer behavior trends by incorporating health claims on
Freekeh packaging. This strategy will enhance awareness of Freekeh's significant

nutritional benefits.
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Appendixes

Appendices A: Questionnaire

Consumer preferences and purchase behavior toward locally

produced Freekeh (green wheat) questionnaire
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2.1.2 Where do you (or the main food buyer in your household) normally
purchase your food from?

U5kl al 2V (3 sull Alany Bale () 5 5

D Large supermarket ) » Jie < gall) &S jla o gas /35Sl 4y jlaill Qs
(B ope s by
[] Small supermarket 3 pall &Y

2.1.3 Do you buy freekeh by yourself? feludis 4, sl =iia 5 il Ja
D Yes a2

D No ¥

If yes, Do you buy specific brand? fims 4, a3 4udle (5 5l Ja cani 1)
D Yes p2

DNoY

2.1.4 Which of the following statements describes your consumption of
freekeh? S 4l el AL Cana’ N &) Jlall (e g

(11 consume the product periodically and prefer it JSd il cllgiul i
A.L'Aé\ 5 Hs 2 )_‘

[] Sometimes I use it but it's not my favorite product (sl 415 4Sleiul Ulal
3 Jmiall il

[[] 1do not consume the product at all Liles i cllgind ¥



2.2 Attributes influencing consumer purchase behaviour of Frekeh
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residues

Slapall Ciliifia G il s

A pdall

Package design (in 1 2 3 4 5 6 7 8 9 10
appearance)

Laalill (1) 5 sanll aranad

(el

Ease of use (design and 1 2 3 4 5 6 7 8 9 10
package facilitate using

the product after opening)

D) ppenat) AaATLY) A g

i) dlee g 5 sall )

(8N 2my il (383 4



2.2.2  Which picture would you prefer to purchase from the following groups:
SN e ganall o Ll i Juiadli 3 ) gomn (51

a. Group 1 ic sexll

-

€y @)
a.1 The reason you chose the image is due to 5 sl &l sl o
st
] Impurities < s
[ color o

[] Grading degree okl i

[ There is no difference BAxaY

b. Group 2 4e geaall

O]




b.1 The reason you chose the image is due to 3 sall & LA} s
Jalad 3 52

] Impurities < sl
(] color s
[] Grading degree okl i

D There is no difference 32 2 » Y

c. Group 3 4e gexl)

(1) )
c.1 The reason you chose the image is due to 3 sall & JLidl Cous
Jalad 3 52
] Impurities <3l &l
L] color o5

] Grading degree ¢kl is 5

[ There is no difference GA2XaY

3. Consumer awareness and attitudes toward local Freekeh
Adaal) 48y Jall olad) 4 sl p llgiasd) o

3.1 Have you ever heard about Landraces grains?

Cauall) G all e G Ja

D Yes a2
(] Nov

L] 1don’t know < eiy




3.2 Which type of Freekeh cultivars have you heard of? (You may choose multiple
answers)
() e AST LR aalaiadd) Sadie: o 400 A il Gilial (o Caia 4

Kahatat <lss

Heitia safra ¢ = 4
Heitia beda sbax 4
Cham 5 a4

Noorsi (g 5

Kahla 3as

Anbar e

Numra 8 3
Nabeljamal J=a) U

Horani 27 s>

Dogdoodgoogdd

Do not know any of them s iia i < ye iy

3.3 Which type of Freekeh do you cosume?
fllgind A5 ll (e g 53 ol

[] Fine (Refined) 4acls
[ Coarse (Unrefined) 4ia
[] Any type, it does not matter a¢: ¥ ¢ 5 sl

Notes: <iiaadl.



Appendices B: Palestinian standard specifications that must met by freekeh prepared from
wheat grains intended for human consumption

EMGL Bamal) zall) Gugan (e B paaall A AN B W 8 55 caal o) Aiadanddl) Al dl) cliia) gall

dilgld) 5.3 gaual

(_,.AAY‘

RN, 3'-"-*"!'}“
2019-4154 i »
sl
Freekeh
aka Ll gy L)
2 Jlaall -1
2 Al gl pal -2
2 iyl -3
3 dalall il -4
3 Laall cliloadly LSl uladl 5
4 eadll JIS2) -6
4 dommall D! -7
4 Gegeilly yaally Jailly dpaill -8
4 ol -9
5 sl -9
5 saadl 3,k -10
5 Sl gall a dislbaall -11
5 el -12
5 Sl o) -13
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Jaad-1

sawdl el s (e Spumnal] A 3 laig gl AR Al Al Bhealpall sl (aia
oY) D

dalaasl) aafjall-2

A gl pilias 3 Wi calsll daall by a0l 1alall 851 G s -

gl 5anally Zalially sl A80500 il giall s B8l Aalil) 135 i -

gl Bamally Ailaall 938N Slagiiall agang Gyl (B iVl Aala) 2] Gip -

el g = gl 12530 s - -

Al sl Aadia sua 4alil 59 s -

Al claiiall ey awy dalall 2008 dad 21 8 dadaddill dully) Al Cladall -
g el

elaall dudtal faaall alully olgally Zalall 2009 dad 25 &) dsda il a1 dudll coladadl -
Lganges Blall (A1 AualiY1 Ladll Cladadly

celaall Lmaall Jagydlls dalad) 2011 diad 33 ) Liubanaldll Ayl 3l Sladadll -

Jgall Langlong Kuall ulaally dialdd 2017 did 72 A8 dgulakill dualily) Al coladaill -
LAl

A e ddliall clileadly Lalall 2019 daud 81 Ll dsl ciladadl —

Ngall 3 dizna ciliglal Lall 3galls Lialal) 2019 Zid 83 3 doiphudil] Lualyly) dadll ciladacl -
LAl

A cilaladl Aalad) 2011 4add 31 A8 dadandall dualiy) Al claladl -
& sl A Y
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Silds ol -3

i o el Sl gt e A Agadl AL il sl Gigs 23S
(8 Fumal) aadll moaill e & Triticum durum Desf i Triticum aestivum L.
Al dlgalls 435 el el slennl S0l ARk Lnlelaa 5 2k S5 U Bl

G S ana S G 51 e Usgess Lo Capadl Sy priall e ale (gl sl Sisal
el daally dnll Clisledl ae @Al e e n D25 Lasas e

dalal) clillid) -4

1-3

2=3

: e sl 3 AT Al LA A4S o) s

< Sas il A 0dl 0 o

Ayt dally g pab ol e WIS pamdl 055 o

@A il (e WS sl 055

Agelially Akl Gl o Ly 403 Slilian g e WIS pamdl 0S5
Al glial Al Glaelly 5l O W gzl 06S

coapedly dall clall e Wa zgndl 0 o

oty pllly bl e (e WIS il (6

e AN el eoaad 1B Lgunall s i) e U i s of

L3 Cliliaally AuwSal juleall -5

1-4
2-4
3-4
4-4
5-4
6-4
7-4
8-4

A D B D 5l SR 5 )

AOAES %13 e shl s Y

Sl il Gl e QOGS %2.5 e S sla) dus 353 Y o
o3 228 AESNES %90 oo dabd) gl s B Y
ALK %0.5 oo Ay Jajlly pemad) A 23 Y

ALSES %0.1 oo L Ny dad) cihial dus 353 Y o
ABAES %2 e lindly $AYI Ggall s 33 Y o
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Py i) Colacall B il dgaadl b ) e A3 Y) e A0 Clilad) plasil Jla b 75
AW e A0 il Laladl iy 2019 daud 81

gl Jisii-6
gl Ll Tl pgtiall jagass
Lakalsll .Ei.'_,a-]l 1-6
fom JE JadSy A2 el A5 2-6
cadall A2y el A 1-2-6
e Ul A2l A58 2-2-6

duaal) el -7

2011 dad 33 8, Gk dill a1 4l ladanll 8 lll il bl ol gl b o e 17
Lehiall Aga ol s g 20 Aalad)

Lha il Gaally) Al ladanl) | 5algll 38D S Aunglgy el pleall il b of e 27
Al dlgall Limglpny Soall julaall: dalall 2017 dnd 72 4,

Lb il Al Ll ladedll B syl @Dl ) Sl el sgnall mamall b o) e 3T
AN gl 8 Lima Ciliglal Llall 3paally Lalall 2019 3d 83 3,

Ll 31 3 dsahandill daaliy) Al Sladedl 8 Balal Cilaall e 815 pakdl b ol css 44

A b Ll dalall 2011
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Gageadlly (u3ally Jailly adatll -8

- Lo slelye caas
o= e as

On gl a3 (DY) LaSaay Loy didaly Ludlia dpaie Sl paiiall Ly o Gany 1203

@ ol ek 3 a5 (gl ey At dlse Ay sl 5l paks gl il (g gaa slually i)y kN

Aashll S8 e diles AN Luapdall 4ialsd e

3 pab il Cips Yy haed Yy poiall Suaddl palsdll e gl Sdlas o g 1-1-8
LI I P

2009 5 25 3; ddacdill dual) Al ladedll GUS o Gaag Calially daal olge 2-1-8
oF Bl A sy s Jla B s Solall (@AY Ll dadll Cledal
FDA K501 W)y 3V )0l Slialge

sy puadlly Ja

$al las gl Jf aallly Shaall e poisall caas Ak JS2 o3adlly Jolally Jal 06$ o s

Ol gl e dials Sl (Al jilas (g el agtsdd) e il )l 5550 Sall

J5a2 e dpanay Lo stsdd) i pilel (e Ay &la oAl Gp 0sS of qang 1sal

Gliahl cd (8 s 36 o ey Sy e JS Dggd 036 Oy cmlsllly Sdall

Bl lally Agh Il S 8 s USSR Sy

okl -9

1-8

Clasiall ey pug dslall 2008 Lud 21 3 LB Al cladadll 3 35 LS gauall plall 06
UL e IS e 098 O s clemge Blaall (AN b1 Ll cladaally g (DleYls Al
Al Qgpal) Gl il I LjLasd (ot Aad (gl RS Geasg Ayl dallly AJ0N Gl

59 G, G Andlall 52e
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Sgiaall —10

21 G p dhadill dialsall 3 2iaa ga Lee el G el wi Y ) cans

sandll & —-11

cadn 2 gae g S ADAC LIS ) gl mndl ok (g0

Cildualgall 2a diulbal —12

.Lﬁ_"_’-_ll s iy "I;i _37'.':;. }.I. |_‘! E.E.I.I:u J:I-:._’ .A_\j_“.?_l.d_‘l -;Illll..Ll l'.'l! Adialeall a.i.l.lcl.n E.\L'J E_’_E.- J_-l.i:

aalall -13

2019 \2236 25, 3801 _ Lgatieg Jaadly sl dsa N Ll daclsdl 1-13

Lot Jaadly gl Mpall mdall Jood (gt el Jgal (pandill diggd dacldll diealsdl  2-13
20131233 &, a5

2005 13056 &8 2558 Lsjpd) daddall dialeall 3-13

Slall alt —14
g A Lpdat¥) Slalboadll il 2ol 2500l 4l Clalhoad) Jaad Gilgdl s zley
aladyl Juldal il plaall
Freekeh Al
Insects S e
Impurities gl
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