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Abstract 

In the recent past, there has been increased uptake of chia seeds (Salvia hispanica L.) by 

consumers resulting in the increased adoption of chia farming particularly in Kenya whereby 

most farmers are practising subsistence farming and a few farming it commercially. The 

widespread farming of chia seeds in Kenya translates to increased uptake at household level 

while offering a niche for industrial processing of chia seeds necessitating the need for studies 

on physical, total phenolic and flavonoid properties of chia seeds grown in Kenya. The 

physical, total phenolic and flavonoid properties of chia seeds from two chia planning seasons 

April to August 2019 and September to December 2019 were evaluated. The physical attributes 

(Length, width and thickness) were determined using a digital vernier calliper while proximate 

components were determined using AOAC standard methods. The Quencher procedure was 

used to determine the total phenolic and flavonoid contents. Chia seeds revealed a length of 

1.82 to 2.32 (mm), width 1.15 to 1.31 (mm) and thickness of 0.77 to 0.88 (mm).  The percentage 

moisture content of chia seeds was 7.23 to 10.67, percentage crude fat was 31.48 to 42.45, 

percentage crude ash was 3.63 to 6.82, percentage crude fibre was 30.95 to 38.65 and 

percentage crude protein at 17.82 to 28.97. The total phenolic content observed for chia seeds 

was 0.73 to 0.87 mg GAE g-1  while total flavonoid content was 0.39 to 0.57 mg GAE g-1 . The 

proximate components of chia seeds significantly (p<0.05) vary based on the chia planting 

season while the physical properties, total phenolics and total flavonoid contents do not 

significantly vary.  

Key words: Chia seeds, total phenolic, total flavonoid, physical properties 

Introduction 

Chia (Salvia hispanica L.) cultivation is on the rise in Africa owing to its increasing popularity 

as a nutritious crop  [1]. The chia plant yield chia seeds that have been widely consumed in 

Argentina, Southwestern United States and Mexico among other countries [2]. Chia seeds can 

https://www.scirp.org/journal/articles.aspx?searchcode=Animal+Breeding+and+Genomics+Group%2c+Department+of+Animal+Sciences%2c+Egerton+University%2c+Egerton%2c+Kenya&searchfield=affs&page=1
https://www.scirp.org/journal/articles.aspx?searchcode=Animal+Breeding+and+Genomics+Group%2c+Department+of+Animal+Sciences%2c+Egerton+University%2c+Egerton%2c+Kenya&searchfield=affs&page=1
https://www.scirp.org/journal/articles.aspx?searchcode=Department+of+Biological+Sciences%2c+Egerton+University%2c+Egerton%2c+Kenya&searchfield=affs&page=1
mailto:pauline.wairimu61@gmail.com


be consumed as whole seeds or their oil extracted and utilized in various food formulations 

such as in salad dressings, bread, yoghurt, cakes, composite flours, emulsions and cereal bars 

[3]. In addition to the use of chia seeds in food formulations, chia seeds have found wide 

applications in the feed industry whereby chia seeds oils and chia seed cake obtained after oil 

extraction have been used to lower cholestrol levels in meat and egg products while raising the 

level of polyunsaturated fatty acids [4]. As a result of the increased usage of chia seeds for food 

and feed, chia seeds there has been a growing demand for the use of chia seeds as a funtional 

food due to a shift in consumer patterns who are opting for foods that not only offer nutritional 

value but also confer health benefits[5]. Addditionally, the utilization of foods with increased 

potential roles in lowering the risk of chronic degenerative diseases is on the rise. Chia seeds 

have several reported health benefits in neurological disorders, cancer, cardiovascular disorders 

and hormolad disorders due to it antioxidant properties [6]. Chia seeds consitute 91–93 g/100 

g of dry matter and of 32–39 g/100 g oil contents. Specifically, chia seeds have been reported 

to contain 4–6 g/100 g ash, 22–24 g/100 g protein, 18–30 g/100 g dietary fiber and 26–41 g/100 

g carbohydrates [7]. Chia seeds are also rich in antioxidants majorly due to flavonoids and 

phenolic compounds [8]. The physical properties of chia seeds are important in designing and 

developing chia processing equipment  for handling, drying, transportation and industrial use 

necessitated by the growing interest in the use of chia seeds [9]. As a result, this study aimed 

at evaluating the physical, total phenolic and flavonoid properties of chia seeds grown in Kenya 

from different planting regions to provide information that can be adopted by food processing 

engineers to facilitate better design for chia processing in Kenya as well as facilitate consumers 

in making informed dietary choices.  

Materials and methods 

Sampling and sample preparation 

Twenty chia seeds samples were from commercial farmers from Mwea, Kivaa, Embu, 

Nyahururu, Busia, Siaya, Nanyuki, Mweiga, Ol-kalou and Njoro. The chia seeds samples were 

sorted to remove stones and other debris the stored at -18°C to await further analysis. Data 

collected was for the two main chia planting seasons in Kenya (April-August 2019) and 

(September-December 2019).  

Determination of proximate components, total phenolic and total flavonoid content 

The moisture content of chia seeds was determined using [10] method 930.15. Crude fat was 

determined by the method described by [10] method 954.02 while crude fibre was determined 

by [10] method 962.09. Crude protein was determined using Semi-Micro Kjeldahl Method 

according to the [10] procedure 978.04. The extraction and quantification of phenolic 

compounds was performed as described by [11]. 

Determination of physical properties 

The shape and size of chia seeds were determined by the method described by [2]. For physical 

properties, three principal dimensions; length (L), width (W) and thickness (T) were measured 

using a digital Vernier calliper (Pixel Electric: Pixel Electronic Co. Ltd Nakuru, Kenya). The 

three principal dimensions (L, W, T) were used to calculate the geometric mean diameter (Dg) 



and surface area (S) of individual grains by assuming that the seeds were ellipsoid. The 

geometric mean diameter in mm was determined by using the following expression as 

described by [12]: 

Dg = (LWT)1/3 

The surface area of individual chia seed was determined as described by [13] using the formula 

below: 

S = πDg
 2 

In addition, the aspect ratio (R) of the chia seeds was calculated as described by [14]The 

following formula was used:  

R = (W/L) 100 

Results and Discussion 

Table 1: Physical properties of chia seeds obtained from selected areas of Kenya for the 

first (April- August 2019) and second (September- December 2019) chia planting 

seasons  

Area Length 

(mm) 

Width 

(mm) 

Thickness 

(mm) 

Geometric 

mean 

diameter 

(Dg)(mm) 

Surface area 

(S) 

(mm2) 

Aspect ratio 

(R) 

(%) 

Mwea 1 1.90±0.02ab 1.15±0.10a 0.77±0.01a 1.12±0.09a 13.24±0.17a 64.92±0.11gh 

Mwea 2 1.87±0.02ab 1.24±0.05bcde 0.87±0.02ghij 1.24±0.03cde 16.27±0.02g 63.62±0.05cd 

Kivaa 1 1.92±0.03ab 1.21±0.05abc 0.83±0.01bcde 1.21±0.02bcde 14.92±0.13bcd 62.92±0.05b 

Kivaa 2 2.03±0.00abc 1.29±0.05f 0.83±0.01cde 1.26±0.03de 15.71±0.23efg 65.08±0.85ghij 

Embu 1 1.86±0.02ab 1.26±0.03cdef 0.87±0.02ijk 1.25±0.02cde 15.68±0.22efg 65.76±0.42jk 

Embu 2 1.94±0.01ab 1.22±0.03abcd 0.84±0.02cde 1.22±0.04bcde 15.17±0.42cde 64.05±0.91def 

Nyahururu 1 2.02±0.02ab 1.30±0.03de 0.85±0.00efgh 1.27±0.02e 15.72±0.27efg 63.65±0.19cd 

Nyahururu 2 2.02±0.01ab 1.27±0.02cdef 0.88±0.01jk 1.27±0.03e 15.53±0.63def 63.75±0.18cde 

Busia 1 1.94±0.01ab 1.20±0.03abc 0.80±0.01b 1.20±0.04bcd 15.23±0.04cde 66.47±0.26l 

Busia 2 1.82±0.01ab 1.22±0.03abcd 0.84±0.02cde 1.21±0.00bcde 14.31±0.84b 64.96±0.21ghi 

Siaya 1 2.02±0.01ab 1.29±0.02de 0.84±0.02def 1.26±0.01de 15.68±0.15efg 64.61±0.34fgh 

Siaya 2 2.04±0.05abc 1.31±0.01de 0.83±0.03cde 1.26±0.02e 14.48±0.24b 65.31±0.06hij 

Nanyuki 1 1.93±0.01ab 1.16±0.04ab 0.83±0.01bcde 1.18±0.04b 14.71±0.22bc 62.76±0.45ab 

Nanyuki 2 1.92±0.00ab 1.24±0.02cdef 0.87±0.01fghi 1.25±0.00cde 16.17±0.21fg 65.25±0.25hij 

Mweiga 1 1.85±0.02ab 1.20±0.01abc 0.82±0.01bcde 1.19±0.01bc 14.61±0.01b 64.88±0.29gh 

Mweiga 2 1.94±0.02ab 1.26±0.05cde 0.89±0.01jk 1.26±0.01de 15.54±0.39def 65.67±0.13ijk 

Ol-kalou 1 2.32±0.51c 1.25±0.02cdef 0.81±0.01bc 1.24±0.01cde 15.15±0.22cde 62.21±0.45a 

Ol-kalou 2 1.94±0.02ab 1.26±0.05cdef 0.84±0.01defg 1.26±0.04de 15.69±0.43efg 64.40±0.38efg 

Njoro 1 1.86±0.01ab 1.21±0.02abc 0.82±0.01bcd 1.20±0.03bc 14.83±0.87bc 63.27±0.12bc 

Njoro 2 1.93±0.02ab 1.24±0.02cde 0.85±0.00efgh 1.24±0.04cde 15.24±0.75cde 65.77±0.05jk 



Values in a column with different letters are significantly different to p < 0.5. Data are means 

± standard deviation (n = 3). 

1-First chia planting season (April-August 2019) 

2- Second chia planting season (September-December 2019) 

 

The physical properties of chia seeds play an important role in developing various equipment 

for; drying, handling, storage and other processing equipment such as oil extraction. 

Specifically, this helps in adequate designing of cleaning, grading, separation and moisture 

determination equipment. Furthermore, these properties aid in the design of machines for 

gravimetric properties which are related to aeration, storage, drying and transport (Kachru et 

al., 1994). From the findings of this study (Table 1), the length (mm) of chia seeds obtained 

from different regions in Kenya ranged from 1.85±0.02 to 2.32±0.51 in the first chia planting 

season April-Aug 2019. In the second chia planting season (Sep-Dec 2019), the length 

observed for chia seeds was from 1.82±0.01mm to 2.04±0.05mm These current findings are in 

agreement with those of [2], who reported the length of chia seeds to be in the range of 1.73mm- 

2.63mm. In the first chia season (April-Aug 2019), the width content ranged from 

1.15±0.10mm to 1.30±0.03mm, while for the second chia planting season, the width content 

was in the range of 1.22±0.02 to 1.31±0.01. The present findings fall in the range of width 

content as reported by [2] , who informed the width content to be 0.81mm-1.32mm.  

The first chia planting season (April-Aug 2019) had chia seeds record a thickness of 

0.77±0.01mm- 0.87±0.02mm while the second season (Sept-Dec 2019) showed a thickness of 

0.83±0.01 – 0.88±0.01 (Table 1). Some of the findings of this study on thickness were slightly 

lower while others were within the range reported by [2], for chia seeds 0.83mm-1.40mm. With 

regard to the thickness of chia seeds, [15] also reported that the thickness of brown chia seeds 

was 1.32mm. The observation of these authors was comparatively higher than our present 

findings.  

The findings of this study revealed the geometric mean diameter (Dg) to be in the range of 

1.12±0.09mm to 1.27±0.02 in the first chia planting season. In the second chia planting season, 

the geometric mean diameter ranged from 1.22±0.04mm to 1.27±0.02 mm. The findings of the 

current study were within the range as the findings of [2], who reported that the geometric 

mean diameter of chia seeds ranged from 1.10-1.54mm. However, [16], reported a slightly 

higher geometric mean diameter for chia seeds at 1.28mm as compared to the present findings 

of this study. Additionally, [15], reported that the geometric mean diameter of chia seeds was 

1.32mm which was relatively higher than the findings of this study. In the first chia planting 

season (April-Aug 2019), the surface area of chia seeds was observed to range from 13.24±0.17 

mm2-15.72±0.27 mm2. Focusing on the second chia planting season (Sep-Dec 2019), the 

surface area of chia seeds obtained from selected areas of Kenya ranged from 14.31±0.84 mm2 

to 16.17±0.21 mm2. Previous studies have reported that the surface area of chia seeds to be 

5.42 to 5.79 mm2 respectively [2]. The values reported by these authors were lower than the 

findings of this study. More so, [15] also reported lower values for the surface area of chia seeds 

at 5.41mm2. 



The aspect ratio of chia seeds in the first chia planting season ranged from 62.21±0.45% to 

66.47±0.26%. The second chia planting season revealed an aspect ratio of chia seeds ranging 

from 63.62±0.05% to 65.77±0.05%. The area showing the highest aspect ratio was Njoro at 

65.77±0.05% while Mwea had the lowest at 63.62±0.05%. Some of the areas sampled such as 

Ol-kalou showed relatively lower aspect ratio while other areas such as Busia recorded a higher 

aspect ratio compared to that recorded in literature for chia seeds, whose aspect ratio was 

reported to be 62.5% ( [15]. In other studies, [2], reported that the aspect ratio for white and 

black chia seeds was 62.7 ± 1.5% and 65.3 ± 1.3%. His findings for aspect ratio of chia seeds 

are in agreement with the current findings of aspect ratio for chia seeds obtained from selected 

areas in Kenya.  

Table 2: Proximate composition of chia seeds obtained from selected areas of Kenya for 

the first (April- August 2019) and second (September- December 2019) chia planting 

seasons  

Area Moisture 

content (%) 

Crude fat 

(%) 

Crude fiber 

(%) 

Crude ash 

(%) 

Crude 

protein (%) 

Mwea 1 8.14±0.19de 32.29±0.99ab 34.30±1.00ab 4.23±0.17cd 23.55±0.70ef 

Mwea 2 8.87±0.11hi 34.91±0.24de 32.62±0.18a 4.11±0.09c 24.84±0.07fg 

Kivaa 1 8.06±0.10d 34.29±0.35d 36.22±0.00ab 4.47±0.76ef 23.96±0.77ef 

Kivaa 2 8.24±0.06def 36.85±0.76fgh 36.27±0.47ab 3.92±0.06b 28.17±0.69i 

Embu 1 7.66±0.08bc 31.48±0.49a 33.23±0.28a 6.82±0.10n 25.75±0.41gh 

Embu 2 9.00±0.11i 33.23±0.59bc 32.86±0.72ab 6.78±0.19ab 28.97±0.40i 

Nyahururu 1 8.43±0.14fg 36.01±0.51f 33.07±0.39a 5.13±0.12i 26.44±0.16h 

Nyahururu 2 8.34±0.09efg 40.99±0.45k 34.16±0.84ab 5.06±0.02hi 21.52±0.14cd 

Busia 1 7.23±0.13a 34.65±0.49d 36.81±0.82ab 6.20±0.00l 23.48±0.49gf 

Busia 2 7.82±0.02c 35.84±0.74ef 33.47±0.59a 5.64±0.05j 26.10±0.28gh 

Siaya 1 8.48±0.15g 34.11±0.29cd 30.95±0.29a 3.91±0.14b 17.82±0.90a 

Siaya 2 8.85±0.04hi 36.47±0.78fgh 31.54±0.24a 3.63±0.14a 22.33±0.39de 

Nanyuki 1 10.62±0.02j 37.33±0.29ghi 38.65±0.33ab 4.86±0.88g 22.16±0.12cde 

Nanyuki 2 8.79±0.04h 42.45±1.10l 36.33±0.79ab 4.99±0.07ghi 20.63±0.54bc 

Mweiga 1 7.48±0.28b 35.80±0.71ef 31.99±0.32a 4.33±0.04de 21.27±0.52cd 

Mweiga 2 8.81±0.13hi 39.52±0.18j 33.33±0.10ab 4.89±0.15gh 21.66±0.10cd 

Ol-kalou 1 8.90±0.77hi 36.65±0.33fgh 36.27±0.35ab 6.52±0.48m 19.75±0.05b 

Ol-kalou 2 8.95±0.80hi 38.22±0.66i 36.37±0.15ab 5.91±0.16k 21.77±0.19cd 

Njoro 1 10.76±0.07j 37.50±0.30hi 34.25±0.13ab 4.53±0.02f 23.44±0.49ef 

Njoro 2 8.24±0.01def 42.41±1.04l 37.51±0.74ab 4.58±0.09f 20.62±0.11bc 

      

Values in a column with different letters are significantly different to p < 0.5. Data are means 

± standard deviation (n = 3). 

1-First chia planting season (April-August 2019) 

2- Second chia planting season (September-December 2019) 

 



The mean percentage moisture content of chia seeds from selected areas of Kenya (Table 2) 

ranged from 7.23±0.13 to 10.76±0.7 and 7.82±0.02 to 9.00±0.11 for the first (April-August 

2019) and the second season (Sep- Dec 2019) respectively. The moisture contents revealed in 

this study for both seasons were relatively higher than those recorded by [17] who reported the 

moisture content of chia seeds from different regions in Brazil to be 7.14% at Rio Grande do 

Sul and 5.62% at Mato Gruso. In addition, the current findings were also relatively higher as 

compared to the moisture content reported in literature of Chilean chia seeds at a percentage 

moisture content of 5.82% [18]. However, there were significant differences (p<0.05) that were 

observed with regard to moisture content between areas sampled within the same season and 

also between areas sampled in the first (April-Aug 2019) and the second season (Sep-Dec 

2019). These significant differences could be attributed to the fact that most of the chia farmers 

lack the necessary equipment such as moisture meters for checking the moisture content of the 

chia after drying. The percentage crude fat of chia seeds from the selected areas in Kenya 

(Table 2) from the first and second chia planting seasons ranged from 31.48±0.49 to 37.50±0.30 

and 33.23±0.59 to 42.45±1.10 for the first and second season respectively. In other studies, the 

percentage oil content of chia seeds grown in different regions has been reported to range from 

32.2%-36.8% and 35.6%-38.6% for samples obtained from various regions in Argentina [19]. 

The findings of mean percentage crude fat content of chia seeds observed in both seasons were 

relatively higher than the value reported for Chilean chia seeds at 30.22±0.08 [20]. In addition, 

[21] also reported the crude fat content of Mexican chia seeds to be in the range of 21.49% to 

32.68%. More so, [22] reported the lipid content of chia seeds to range from 29.98% to 33.5%. 

Similarly, most of the areas sampled in both seasons revealed relatively higher percentage 

crude fat amount than those reported for Brazilian chia seeds from different regions at 32.16% 

and 30.17% [17]. Significant differences (p<0.05) were observed in percentage crude fat 

content in the selected areas in both the first and second season. It is possible that these 

significant differences could be because variability in chia seed composition is expected 

between growing locations due to genotype and environmental effects [23]. [24], further 

reported that the effects of temperature, light, soil type and nutrition can affect oil quantity and 

quality of oil seeds. In a study to establish whether oil content can be used to determine the 

origin of commercially grown chia; [22], established that chia seeds grown in different 

ecosystems revealed significant differences in percentage oil content reported. Furthermore, 

significant differences in traditional oil seeds have been reported to be associated with varying 

climatic conditions [25][26].  The mean percentage crude ash of chia seeds obtained from 

selected areas in Kenya (Table 1) were in the range of 3.91% to 6.82% for the period April to 

August 2019. In the second chia planting season (Sep-Dec 2019), the mean percentage crude 

ash content ranged from 3.63% to 6.78%. From the current findings, most of the areas sampled 

had a crude ash content that was in the range reported in literature of 5% [27]. However, some 

regions revealed higher crude ash content compared to that reported in other studies. [21], 

reported the percentage crude ash of chia seeds from different regions in Mexico in the range 

of 4.5% to 4.87% while [17], reported that chia seeds from two different regions in Brazil as 

having a percentage crude ash content of 4.56% and 5.07%. The crude ash levels revealed in 

this study were however lower as compared to the findings of [28], who reported the crude ash 

content of chia seeds to be 7.05%. From this study, significant differences (p<0.05) were 



observed between the first and second chia planting seasons as well as between the different 

areas sampled. These significant differences could be as a result of the different geographic 

locations, soil type, humidity and climatic conditions in which the chia seeds were grown ([17]. 

Also, literature suggests that as a botanical source, the composition of chia seeds could vary 

based on the location of growth, due to the genotype and environmental effects and also 

variability could be expected between years within a location [23].  Additionally, the mean 

percentage crude fiber in the first chia planting season (April-Aug 2019) was reported to range 

between 30.95% to 38.65% (Table 2). On the other hand, the percentage crude fiber contents 

for the second chia planting season (Sep-Dec 2019) was in the range of 31.54% to 37.51% 

(Table 2). In a nutritional analysis of chia seeds, the current findings of this study for all the 

sampled areas were relatively lower than those recorded for chia seeds obtained from Jalisco, 

Mexico which ranged from 39.94% to 41.41%. The findings of crude fiber content of chia 

seeds obtained from Nanyuki in the first planting season (38.65%) was within the range 

reported for chia seeds obtained from Sinaloa, Mexico 36.97% to 38.79 [29]. In the case of chia 

seeds samples obtained from four different regions of Mexico, the crude fiber content was 

reported to range from 20.10% to 36.15%. This is in agreement with most of the chia seeds 

obtained from different selected areas in Kenya. Chia seeds from different regions in Brazil 

also revealed a crude fiber content in the range of 33.37% and 37.18% which compares with 

most of the areas sampled in this study. Notably, no significant differences (p<0.05) were 

observed with regard to mean percentage crude fiber content of chia seeds from selected areas 

of Kenya within the specific areas and between the first and second planting seasons. The mean 

protein content of chia seeds obtained from selected areas in Kenya in the first chia planting 

season (April-August 2019) ranged between 17.82±0.90 to 26.44±0.16 (Table 2). On the other 

hand, the second chia planting season showed a mean protein content ranging from 20.62±0.11 

to 28.97±0.40 (Table 2). According to [30], chia seeds have a protein content of up to 20%. 

Additionally, [31] reported that chia seeds have a percentage protein content of 16.5%.  More 

so, [2] revealed that chia seeds have a protein content ranging from 15% to 25%. In a study by 

[1], it was observed that chia seeds have 23% mean protein content. In this study, significant 

differences (p<0.05) between the mean protein contents were observed between the first and 

second chia planting seasons as well as between the different areas sampled. The significant 

differences could be attributed to various factors such as influence due to cultivation condition 

and practices with several studies suggesting that the use of organic fertilizers can improve 

protein quality and content as a result of the differences in availability of nitrogen during plant 

growth [32]. More so, studies have showed that different genes play a role in influencing 

protein composition in plants [33].  

Table 3: Total phenolic and flavanoid contents of chia seeds from selected areas of 

Kenya in the first (April-August 2019) and the second (Sep-Dec 2019) chia planting 

season 

Area Total phenolic content 

(TPC) mg GAE g-1 

Total flavonoids 

Content (TFC) mg GAE 

g-1 

Mwea 1 0.79±0.05def 0.44±0.04abcd 



Mwea 2 0.87±0.01i 0.48±0.05cdef 

Kivaa 1 0.81±0.03efg 0.48±0.02bcde 

Kivaa 2 0.81±0.02efg 0.48±0.03cdef 

Embu 1 0.75±0.01abc 0.39±0.03a 

Embu 2 0.85±0.01hi 0.57±0.03g 

Nyahururu 1 0.79±0.01def 0.45±0.03abcde 

Nyahururu 2 0.77±0.01bcd 0.51±0.03defg 

Busia 1 0.87±0.02i 0.44±0.02abcd 

Busia 2 0.73±0.01ab 0.45±0.02abcd 

Siaya 1 0.78±0.01cde 0.43±0.02abcd 

Siaya 2 0.79±0.02def 0.40±0.05bc 

Nanyuki 1 0.87±0.00i 0.50±0.06cdefg 

Nanyuki 2 0.84±0.01ghi 0.46±0.07abcde 

Mweiga 1 0.82±0.02fgh 0.51±0.06defg 

Mweiga 2 0.79±0.03def 0.50±0.06cdefg 

Ol-kalou 1 0.74±0.02abc 0.54±0.04efg 

Ol-kalou 2 0.76±0.00abcd 0.42±0.04abc 

Njoro 1 0.86±0.02hi 0.53±0.04efg 

Njoro 2 0.79±0.03def 0.46±0.06abcde 

 

Values in a column with different letters are significantly different to p < 0.5. Data are means 

± standard deviation (n = 3). 

The total phenolic content (TPC) for the first season ranged from 0.74 to 0.87 mg GAE g-1 

(Table 3). In the second chia season, TPC was in the range of 0.73 to 0.87 mg GAE g -1 (Table 

3). According to [20] and [34], the total phenolic content of chia seeds ranges from 0.66 to 1.63 

mg GAE/g. The total phenolic content of the chia seeds sampled from all the regions in the 

first and second season were within the 0.66 to 1.63 mg GAE/g. However, the current findings 

were slightly lower than those in previous reports where total phenolic content of chia seeds 

from two different regions were 0.88 and 0.92 mg GAE/g [29]. Additionally, the results 

obtained were also lower as compared to the findings of [35], who reported the total phenolic 

content of chia seeds as 0.94 mg GAE/g. These variations could be explained by the fact that 

different extraction methods used in different studies have been reported to influence the total 

phenolic content of chia seeds measured [36].  Notably, there were significant differences (p< 

0.05) with regard to total phenolic contents between the first and second chia seasons as well 

as among the different selected areas within a season. These significant differences could be 

attributed to certain factors such as cultivation techniques and weather conditions [37]. 

Additionally, [29] reported that differences in phenolics content is affected by external factors 

such as weather and post-harvest conditions. The total flavonoid content for the first chia 

planting season ranged from 0.39±0.03 mg GAE g-1 to 0.54±0.04 mg GAE g-1. For the second 

chia planting season (Sep-Dec 2019), the total flavonoid content ranged from 0.40±0.05 mg 

GAE g-1 to 0.57±0.03 mg GAE g-1. Significant differences (p< 0.05) in the total flavonoid 

content were noted between the two first (April-Aug 2019) season and the second (Sep-Dec 



2019). Similarly, there were significant differences (p< 0.05) among the regions within the 

same season.  

Conclusion 

The physical, total phenolics and total flavonoid properties of chia seeds grown in Kenya vary 

based on region the seeds are grown in as well as based on the chia planting seasons. 

Concerning physical properties, the most abundant proximate components in chia seeds were 

crude fat, crude fiber and crude protein. The moisture content of chia seeds from different areas 

and planting seasons showed a variation necessitating the development of a standard way of 

drying chia seeds as well as equipment to determine moisture content at farm level.   Chia seeds 

obtained from both planting seasons revealed a similar range of total phenolic and total 

flavonoid content thus the suggesting that the antioxidant capacity of the chia seeds from both 

seasons could be similar. More studies ought to be conducted focusing on profiling the 

polyphenols in chia so as to provide better insight on their antioxidant properties.  
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Abstract 

The United Nations has predicted that by 2050, more than two thirds of the nine billion world 

population will be living in cities, per capita arable land will be less than 0.1ha at this time and 

food demand will increase by 70%. With a global population of more than 7.3 billion, earth 

suffers from continuous damage from human activity which has magnified environmental 

degradation and climate change has been the overall result. The use of conventional farming 

methods and rain-fed agriculture dependency may not be sufficient to sustain food demand. 

There is need to adopt modern agricultural technologies to ensure food security. This paper 

discusses the impact of drone technology in Africa on agriculture in relation to sustainable food 

security is explored. All-inclusive approach comprising original research journals and articles, 

working papers, conference papers and book chapters were conducted on the application of 

drones to achieve food security in Africa. Results showed that drones have been increasingly 

used for crop monitoring, irrigation and crop spraying, yield prediction in large farms and even 

on complex smallholder farms and water resources and conservation optimization contributing 

towards better land utilization. They have also been utilized in providing timely, accurate and 

relevant agricultural information needed to support decision making process. Drones offer a 

relatively risk-free and low-cost manner to swiftly recognize natural phenomena at high 

resolution. However, about 26% of African countries have laws on the use of drones including 

Tanzania, Uganda, Nigeria, Ghana, Kenya, Mozambique and South Africa. There is therefore a 

need for African governments and policy makers to put in place laws and policies that would 

ensure safety and privacy of its citizens. Also, the government should intervene by lowering the 

taxes and other related tariffs on drones and other devices to allow smallholder farmers to 

acquire drones. 
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Abstract 

Although all teas (Camellia sinensis) have bioactive polyphenoic compounds, purple leaf tea in 

addition has appealing reddish-purple color and healthful natural anthocyanins, with proven 

antioxidant and antimicrobial activities. The biochemical and sensory quality of all processed teas 

depend on various factors such the variety, agronomy, climatic condition, manufacturing methods. 

A purple tea cultivar (TRFK 306) which was cloned in Kenya is currently being processed using 

steaming or panning technology. The current study therefore investigated on the effect of the two 

technologies on the sensory profile, biochemical, and antioxidant activity of processed purple tea 

and their liquors.  A baseline study was conducted to assess the quality attributes of processed 

purple tea from 6 factories in Kenya that produce purple tea using either steaming or panning 

technology. Subsequently further experiments were conducted by interchanging 3 steps of the 

procedure during steaming technology production using micro-processing batch tea equipment at 

Tea Institute - Karatina University. Biochemical properties of the processed teas were determined 

by analyzing the polyphenols, anthocyanins content and antioxidant activity by 

spectrophotometry, HPLC and diphenyl picrylhydrazyl (DPPH) respectively. The sensory quality 

was evaluation was conducted by trained tea sensory panelists by evaluating the profile of different 

teas attributes of the processed leaves and their liquors on a scale of 1-10 in terms of color, taste 

and aroma. The study revealed that there was significant difference (p< 0.05) of the purple tea 

produced under the two technologies, with the steaming recording higher content of most 

biochemical properties compared to the panning technology. Notably, the total polyphenols and 

anthocyanin content and activity also varied significantly when the steam processing procedure 

was interchanged during production except for Delphinidin type of anthocyanin (18.00 to 16.53 

±0.1). The anthocyanin Malvinidin (MLD) recorded the highest content (32.93±0.2 to 82.93±024) 

irrespective of the type of the processing technology. The sensory profile score of the tea also 

varied significantly depending on the processing technology, but all were above the average mean 

score of 5 out of 10. The steamed teas had bright purple and evenly rolled leaves, whilst most of 

panned teas had purple and some loosely rolled leaves. The panned teas had very appealing mellow 

fragrance and smooth textured liquor, while the steamed had a pleasant savory taste and light 

liquor.  In conclusion, the study demonstrates that the processing technology greatly influence the 

final biochemical and sensory quality of the processed purple tea leaves and its liquor. However, 

further studies are needed on processing conditions for optimal retention of the tea bioactive 

compounds during production of the purple tea beverages. 

Key words: Purple leaf tea, Biochemical properties, Antioxidant capacity, Anthocyanin content 

and Sensory profile 
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Abstract:  

Chia oil is a valuable source of omega-3-fatty acids and other nutritional components. However, 

it is expensive to produce and can therefore be easily adulterated with cheaper oils to improve the 

profit margins. Spectroscopic methods are becoming more and more common in food fraud 

detection. The aim of this study was to answer following questions: Is it possible to detect chia oil 

adulteration by spectroscopic analysis of the oils? Is it possible to identify the adulteration oil? Is 

it possible to determine the amount of adulteration? Two chia oils from local markets were 

adulterated with three common food oils, including sunflower, rapeseed and corn oil. 

Subsequently, six chia oils obtained from different sites in Kenya were adulterated with sunflower 

oil to check the results. Raman, NIR and fluorescence spectroscopy were applied for the analysis. 

It was possible to detect the amount of adulterated oils by spectroscopic analysis, with a minimum 

R2 of 0.95 for the used partial least square regression with a maximum RMSEP range of 10%. The 

adulterations of chia oils by rapeseed, sunflower and corn oil were identified by classification with 

a median true positive rate of 90%. The training accuracies, sensitivity and specificity of the 

classifications were over 90%. Chia oil B was easier to detect. The adulterated samples were 

identified with a precision of 97%. All of the classification methods show good results, however 

SVM were the best. The identification of the adulteration oil was possible; less than 5% of the 

adulteration oils were difficult to detect. In summary, spectroscopic analysis of chia oils might be 

a useful tool to identify adulterations. 
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Abstract 
Currently there is lot of research interest in chia worldwide due to its beneficial nutritional 
value.. The aim of the study was to determine the oil yield and physicochemical properties of 
oil obtained from chia seeds grown in Kenya. Oil from chia seeds grown in five different 
geographical locations in Kenya was extracted by cold pressing. The physicochemical 
properties were determined The refractive index of chia seed oil at 25°C was found to range 
from 1.481 to 1.483, specific gravity ranged from 0.962 to 0.963, acidity index and free fatty 
acids content ranged from 0.035-0081mg KOH/g oil and 0.174-0.406%, respectively. The 
matter in volatiles ranged from 0.047- 0.086%. The saponification value ranged from 
162.197 – 183.379 milligrams (mg) of potassium hydroxide (KOH) per gram (g) of chia seed 
oil. The α-linolenic (C18:3) and linoleic acids (C18:2) were the predominant fatty acids in 
Kenyan chia seed oil, significant differences in oil yield, free fatty acids, specific gravity, 
saponification value and refractive index were reported in the chia seed oil from different 
locations in Kenya.  The study recommends further research to confirm the effect of different 
agro ecological conditions in major regions in Kenya on fatty acid profile chia seed oil from 
Kenyan grown chia seeds. 

Keywords: Salvia hispanica L., Chia seeds, Omega-3 fatty acid, alpha linolenic acids, 
polyunsaturated fatty acid, Physicochemical Characteristic 

 

1. Introduction 

Chia, Salvia hispanica L., has been cultivated under environments ranging from tropical to 
subtropical conditions and used as a food ingredient. Native from southern Mexico and 
northern Guatemala (Busilacchi et al., 2013). Chia seed oil is an exciting source of 
polyunsaturated fatty acids (PUFAs) as it contains the highest proportion of α-linolenic acid 
(approximately 60%) of any known vegetable source (Ayerza, 1995). The ω-6 family of fatty 
acids are essential for the growth and development of the human body, as they play a vital 
role in the prevention and treatment of coronary heart disease, hypertension, diabetes, 
arthritis, other inflammatory and autoimmune disorders and cancer (Simopoulos, 2008). Chia 
seeds oil is becoming an appealing and preferred choice for healthy food and cosmetic 
applications due to its lower content of saturated fatty acids (palmitic and stearic acids) and 
adequate concentration of linolenic fatty acids (55–60 %) and linoleic acids (18–20 %) 
(Ixtaina et al., 2011). Both chia seeds and chia oil have been safely utilized in animal feeds to 
decrease the cholesterol levels and increase the polyunsaturated fatty acids and in egg and 
meat and products (Antruejo et al., 2011). A lot of attention is being given to research on 
sources of alpha linolenic acids due to the recurrent mercury contamination of fish supply 
and depletion of ocean fisheries, that has led to reduced intake of the long-chain n-3 fatty 



acids found in fish have been associated with reduced risks of coronary heart disease (Kris-
Etherton et al, 2002; He et al., 2004; Albert et al., 2002.   

Plant seed oils can be obtained through various extraction techniques which include solvent 
extraction, cold pressing and super critical extraction. Cold pressing is a method of oil 
recovery from oil-bearing seeds by mechanical devices such as expellers, screws and 
hydraulic presses, this method avoids the use of heat or chemical treatments (da Silva et al., 
2017). 

Chia was recently introduced in East Africa and is currently being cultivated in Tanzania, 
Rwanda, Kenya and Uganda (Katunzi-Kilewela, et al., 2021). However, although production 
of chia in Kenya and East African countries has gradually increased, there is limited data on 
the physicochemical characteristics of chia seeds oils from varying locations in Kenya. This 
study, therefore, aimed at the characterization of the seed oil from chia grown in different 
locations in Kenya.  

.  
2. Methods 

Samples 

Mixed variety of Chia (S. hispanica) seeds samples was collected from small holder farmers 
five locations. In Kirinyaga County in Mwea East Subcounty, Embu County in Mbeere Sub 
County, Machakos County in Masinga Subcounty, Laikipia County in Laikipia North and in 
Nyeri County in Nyeri Central Subcounty. The samples were collected chia seeds from the 
harvest of April to August 2019 planting season between August and October 2019. Five 
kilograms of a representative sample were drawn from each lot, manually cleaned and stored 
in clean airtight containers labelled with the location, and the date of sampling. The labelled 
samples were stored in sealed polythene bags placed on shelves at room temperatures. 

Oil extraction 

The chia seed oil was obtained by cold pressing. The oil was extracted in a single step with 
LY-169 screw oil press from China. The pressing temperature was between 40°C-50°C, 
constant pressure was maintained throughout the pressing. The pre-cleaned chia seeds from 
each location were weighed and put into the screw press hopper and extraction was carried 
out for 10-15 minutes. The oil press was wiped clean using cotton wool dipped in ethanol to 
remove oil and seed cake residue. The same cleaning method was utilized after each 
extraction before moving to the next sample. 

Physicochemical Characterisation of Chia Oil  

The weight per unit volume and specific gravity, index of refraction, saponification value, 
free fatty acids, acid value, iodine value, peroxide value, matter in volatiles were determined 
using methods described in AOAC (2016) and fatty acid profile was determined using gas 
chromatography using conventional saponification method 

The refractive index of the chia seed oil was determined according to AOAC official method 
921.08 (AOAC, 2016). Three drops of oil were placed on the refractometer prism which was 
then closed by tightening of screw heads. Water was circulated through the instrument for a 
few minutes before the readings were taken; this was to allow the equilibration of the 



temperature of the test sample and refractometer. The prism was cleaned between readings 
by wiping off oil with a cotton pad moistened with ethyl alcohol and left to dry. 

This weight per unit volume and specific gravity was determined using AOAC method 
985.19 (AOAC, 2016). Clean and dry pycnometer was weighed, filled with water placed in a 
water bath at 20°C until it attained that temperature, the pycnometer was adjusted to ensure 
the water was at the level of the fixed mark. The pycnometer was removed from the bath, 
wiped dry, allowed to stand for a short time and re-weighed. The pycnometer was emptied 
and dried and later was filled with the sample of the oil previously brought near the 
temperature 20°C. The pycnometer was kept in a bath adjusted to 20°C until it has attained 
that temperature. The oil was then maintained at the temperature 20°C until no further 
alteration in volume occurred. The pycnometer was then removed from the water bath wiped 
dry and adjusted to the fixed mark. It was then allowed to stand for a short time and was 
weighed. This procedure was then repeated for each sample and results recorded. 
 

The saponification number is the number of milligrams of potassium hydroxide required to 
neutralize the fatty acids from the complete hydrolysis of one gram of fat. Saponification 
number is the measure of the chain length of fatty acids. The saponification value was 
determined according to AOAC method 920.16(AOAC, 2016). This method involved boiling 
a sample under reflux with ethanolic potassium hydroxide solution, followed by titration of 
the excess potassium hydroxide with a standard volumetric hydrochloric acid solution. 

Two grams of chia seed oil were mixed with 25 milliliters of 4 per cent alcoholic potassium 
hydroxide by draining from the burette. The contents were refluxed for one hour and then 
cooled. The cooled solution was titrated against 0.5 N hydrochloric acid using a 
phenolphthalein indicator. Simultaneously, a blank was run adopting a similar procedure. 
The saponification number was calculated as per the formula below: 

Saponification number = 28.05(B −  S)Sample  wt(g) 

B= ml 0.5 N HCL required by blank 

S= ml 0.5 N HCL required by blank 

The free fatty acid content (as oleic) of the crude oil was determined using the titration 
method described in AOAC method 940.28(AOAC, 2016). One gram of oil was added to 
seven millilitres of ethanol previously neutralised by phenolphthalein, this was titrated 
against 0.1M sodium hydroxide (NaOH).  

The free fatty acid (FFA) level (as oleic) was calculated using the following equation: 

% FFA (oleic)  = (volume)alkali × Normality of alkali × 28.2Sample  wt(g) × 1000  

The acid value of the chia seed oil was also calculated from the titration results using the 
following equation: 



Acid value = 56.1 × volume of alkali × NormalitySample  wt(g)  

The matter in volatiles was determined using AOAC method 926.12(AOAC, 2016). 3.5 
grams of the chia seed oil were put in aluminum moisture dishes (5 cm in diameter and 2 cm 
deep) with a tight fit slip over cover. The oil in the moisture dishes was dried in a vacuum 
oven maintained at 120°C - 125°C for 30 minutes until a constant weight was attained. The 
percentage loss in weight was reported as percentage moisture in volatiles. 

The calculation was done as per the equation below. 

Moisture and matter in volatiles = W1 × 100Sample  wt(g) 

Where, 

W1= Loss in Weight in grams of the sample on drying 

Fatty acid profile was determined by gas chromatography using conventional saponification 
procedure as described by Ichiahara et al. (1996). The fatty acids were converted into their 
respective methyl esters before analysis. Fifty milligrams of the oil were mixed with two 
milliliters of 0.5 M methanolic potassium hydroxide (KOH) in screw-capped glass tubes. 
These tubes were stirred for five minutes and then held at 70°C for one hour to facilitate the 
release of fatty acids from the triglycerides. After acidification with 0.5 ml of hydrochloric 
acid (HCL), the released fatty acids were then extracted twice using five millilitres of hexane, 
then five millilitres of boron trifluoride- methanol mixture (14 % W/V) were added into the 
fatty acid mixture and vortexed for five minutes at ambient temperature. The fatty acid 
methyl esters (FAMEs) were then extracted from the methanolic phase by the addition of 
four millilitres of hexane. Subsequently, 1µ of a hexane solution containing the FAMES was 
injected into the column of gas chromatography (Hewlett Packard 6890) equipped with 
capillary column DB-23 Agilent (50% cyanopropyl-methylpolysiloxane, 60m - 0.25mm, 
internal diameter 0.25 µm), equipped with flame ionization detector (FID). Separation was 
carried out at 175-220°C at (3°C per minute) with helium as the carrier gas (25.1 psi) and a 
flame ionization detector at 260°C (Christie, 2003). The fatty acid methyl esters (FAMEs) 
were then identified through a comparison of retention times of FAMES standard mixture 
analyzed under the same conditions, the FAMEs in the extracted chia seed oil were 
quantified using peak area normalization. The results were expressed as the relative 
percentage of each fatty acid present in the sample. 

Data Analysis 

Each set of chia seed oil was analysed in triplicate. The data obtained were analysed using 
SPSS version 25. The significance of the differences in means of refractive index, specific 
gravity, saponification value, free fatty acids, acid value, matter in volatiles and fatty acids 
for data from different regions were determined. Data were processed by one-way analysis of 
variance (ANOVA). The differences were considered significant at P>0.05. 

 



3. RESULTS AND DISCUSSION 

Oil Yield from Chia Seeds 

The mean oil yield  (Table 1)from the chia seeds from the five locations was 16.23%. The 
differences in oil yields from chia seeds from chia grown in different locations were 
statistically significant at (P<0.05). These differences could be attributed to the differences in 
rainfall, temperatures, soil, altitude and agronomic practices in each of the locations (Ayerza, 
2011).  

Table 1: Oil Yield of Kenyan Chia Seeds from different locations in Kenya 

Location                                                      Oil Yield (%) 

  Laikipia County 

Nyeri County 

15.58±0.10c 

16.23±0.14c 

  Kirinyaga County 17.80±0.10b 

 Embu County 17.75±0.10b 

 Machakos County 12.85±0.06 a 

aValues are means (± SD) of triplicate determinations. bMeans designated by different letters 
in a column are significantly different at (P <0.05). 

Physicochemical Properties of Chia Seed Oil  

The important physicochemical properties of chia seed oil are presented in Table 2.  
Refractive index and specific gravity are important parameters in determining authenticity of 
oils to detect adulteration (Timilsena et al., 2017). In this study the refractive index of chia 
seed oil at 250C was found to range from 1.481 to 1.4832 his was lower than what was 
reported in Segura-Campos et al., (2014) in which chia oil reported to have a refraction index 
value of 1.4761 at 250c.These findings are similar to findings by Xtaina et al., (2011) and 
Timilsena et al., (2017) who reported refractive at 250c of 1.48. According to as Segura-
Campos et al. (2014) refractive index is directly related with the level of unsaturation of the 
oil and higher refractive index is associated with higher level of unsaturation. 
 
The specific gravity in this study was found to range from 0.962 to 0.963 this was higher 
than was reported in other studies. The values reported in Nyeri county were higher than 
from Machakos and Kirinyaga Counties. this was higher than reported in other studies. 
Timilsena (2017) reported specific gravity of 0.93 in Austalian chia seed oil and Segura-
Campos et al., (2014) who reported a specific gravity of 0.92 in Mexican chia seed oil.  

 

The chia seed oil acidity index in this study ranged from 0.035- 0.081 mg KOH/g oil, and 
free fatty acids ranged from 0.174-0.406% (as oleic acids). The lowest acid value of 0.174 
mg KOH/g oil and a free fatty acid value of 0.0345% (as oleic) was reported in chia seed oil 
from Machakos, Kirinyaga and Embu Counties. The highest levels of acid value and free 
fatty acids were reported in chia seed oil from Machakos, Embu and Kirinyaga Counties. The 
acid value and free fatty acids in these locations ranged from 0.213-0.406 mg KOH/gram of 



oil and 0.042-0.081% (as oleic acid), respectively. The acid value findings were lower than 
was reported for chia grown in other regions. For example, the acid values of Argentinian 
and Mexican chia seed oils were 0.7-0.91% and 2.053%, respectively (Ixtaina et al., 2011; 
Segura-Campos et al., 2014). However, the results of the study were comparable to the 
findings of seed oil from similar oil crops such as Moringa which reported an acid value of 
0.29-0.37% (Barakat & Ghazal, 2016).   

In the study the matter in volatiles was reported to be 0.083%, the finds were below the 
requirements of Codex 210, (1999) the maximum acceptable matter in volatile is 0.2%.  
Matter in volatiles has been used for quality control of edible oils such as olive oil for 
detection of adulterants, rancidity and to determine the oil origin Guerfel et al., (2012). 

The saponification values for the oil from the five locations ranged from 162.197 – 183.379 
mg of potassium hydroxide (KOH) per gram of chia seed oil. The saponification values 
reported in this study are in the same range as had been reported for Australian chia seed oil 
which was 197 mg KOH/g of oil (Timilsena et al., 2017). However, they are lower than was 
reported for Mexican chia seed oil which was 222 mg KOH/g of oil. However, they are in the 
same range as has been reported for sunflower, safflower and virgin olive oil (Codex 210, 
2009). 

 

 

 

 

 

 

 

 

 



 

Table 2: Physicochemical Characteristics of Chia Seed Oil  

Location  Free fatty 
acids 

Acid value 
Specific 
Gravity 

Saponification 
Value 

Refractive Index 
Matter in 
volatiles 

  
 Kirinyaga County 0.2238±0.00a 0.0445±0.00a 0.9616±0.00a 170.44±3.81a 1.4812±0.0001a 0.07±0.00a 

   Embu County 
0.2125±0.02a 0.0423±0.00a 0.9617±0.00a 163.75±3.08a 1.4816±0.0001b 0.06±0.02a 

   Machakos County 
0.4061±0.01b 0.0808±0.00b 0.9616±0.00a 162.20±2.88a 1.4812±0.0001a 0.08±0.01a 

 Laikipia County 
0.2111±0.01a 0.0420±0.00a 0.9622±0.00b 182.38±0.08b 1.4830±0.0001c 0.05±0.01a 

  Nyeri County 
0.1736±0.01a 0.0345±0.00a 0.9629±0.00ab 180.13±1.38ab 1.4832±0.0001d 0.05±0.01a 

1values are means (± SD) of duplicate determinations. 2means designated by different letters in a row are significantly different at 
(P <0.05). 

 



 

Fatty Acids Profile  

The free fatty acid profile of chia seed oil obtained from chia seeds grown in different 
locations in Kenya was determined using gas chromatography. The results are presented in 
Table 4. The analysis of oil from all the five locations indicated the presence of linoleic acid, 
oleic, α-linolenic, palmitic and stearic fatty acids. Traces of twelve more fatty acids were also 
detected, these included butyric, caproic, myristic, pentacyclic, palmitoleic, margaric, 
arachidic, eicosenoic, eicosadienoic, eicosatrienoic, behenic and lignoceric acid. These 
findings are consistent with other results of chia seed oil extracted from chia seeds grown in 
other regions of East Africa (Mihafu et al., 2020).  

Differing levels of unsaturated fatty acids were found in chia seed oil from the five locations. 
The highest levels of oleic was reported in chia seed oil from Machakos county at 9.83%, the 
highest linoleic fatty acids was also reported in chia seed oil from Machakos county at had 
22.90%. The highest level of linolenic fatty acid was reported in chia seed oil from Laikipia 
County at 61.06%. This inverse relationship could be attributed to the synthesis of α-linolenic 
fatty acid through the process of desaturation of oleic fatty acids, through linoleic fatty acid 
by desaturase enzymes (Ayerza, 2009). The levels of linoleic reported in this study are lower 
than 17-26 % reported in chia seed oil from other East African regions while the levels of 
linolenic fatty acid are higher than 50-57% reported in the same region (Mihafu et al., 2020).  

The chia seed oil from chia seeds grown in Laikipia and Nyeri Counties contained 61.06% 
and 54.79% as linolenic fatty acid, respectively. The results from this study are lower than 
have been reported in previous studies. For example, Xtaina et al. (2011) reported 64.5-
69.3% linoleic acid compared to this study findings of 53.32-64.04%. However, these study 
findings are inconsistent with the findings by Ayerza and Coates (2011) which found 
significant differences in chia oil fatty 

 

 

 

 

 

 

 

 

 

 

 



 

Table 3: Fatty Acid Composition of Kenyan Chia Seed Samples Expressed as % Fatty Acid to Total Fatty Acids 

Location 
C14:0 C15:0 C16:0 C16:1 C17:0 C18:0 C18:1 C18:2 C18:3 C20:0 C20:1 C20:2 C20:3 C22:0 C24:0 

Laikipia 
County 

0.05a 0.03a 7.30a 0.05a 0.04a 3.65a 7.26a 
19.37

a 
61.06a 0.28a 0.25a 0.04a 0.03a 0.09a 0.12a 

Nyeri County 
0.04a 0.02a 7.31a 0.06a 0.04a 2.84a 5.07a 

19.40
a 

64.04a 0.25a 0.28a 0.02a 0.02a 0.06a 0.09a 

Kirinyaga 
County  

0.06a 0.03a 8.06a 0.05a 0.05a 4.31a 9.74a 
22.71

a 
53.61a 0.33a 0.23a 0.03a 0.02a 0.12a 0.17a 

Embu County 
0.06a 0.03a 8.01a 0.06a 0.05a 4.31a 9.78a 

22.87
a 

53.98a 0.33a 0.22a 0.03a 0.02a 
0.071

a 
0.14a 

Machakos 

County 
0.06a 0.03a 8.13a 0.06a 0.05a 4.25a 9.83a 

22.90
a 

53.32a 0.33a 0.25a 0.03a 0.02a 0.07a 0.02a 

 

aValues are means of triplicate determinations. bMeans designated by different letters in a column are significantly different at (P 
<0.05). 

Source; Research data



4. CONCLUSION 

The average oil yield from chia seeds grown in the five locations was 16.23% oil. The 
refractive index of ranged from 1.481 to 1.483. specific gravity ranged from 0.962 to 0.963. 
The saponification and matter in volatiles values ranged from 162.197 to 183.79 milligrams 
(mg) of potassium hydroxide (KOH) per gram (g) of chia seed oil and from 0.047% to 
0,086% respectively. The differences in levels of palmitic acid, oleic acid, linoleic acid and 
linolenic acid from different locations were not statistically significant at (P<0.05). 
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Abstract 

Yoghurt is a fermented dairy product that is cultured using lactic acid bacteria live organisms 

and is regularly referred to as probiotic rich product. The flavoring of yoghurt in this research 

was done using an extract obtained from roasted coffee beans to diversify the product as well 

as increasing local consumption of yoghurt. In this research, physicochemical and sensory 

properties of coffee flavored yoghurt was closely studied where a Complete Randomized 

Design (CRD) was used to set up the experiment. Four treatments were arrived at by 

assigning the samples to twelve experimental units giving rise to a total of 36 samples for 

analysis. The sample were prepared by introducing coffee extract at varying concentrations of 

0.0% (control), 0.1%, 0.2%, and 0.3% and all were done in three replicates. The samples 

were then analyzed for pH, titratable acidity, syneresis, viscosity and sensory evaluation. 

Sensory evaluation was conducted by eighteen untrained panelists who were regular 

consumers of yoghurt using a ranking preference method where a 9-point hedonic scale tool 

was used to test consumer acceptability of yoghurt samples. The panelists were drawn from 

students in the university and the staff in the Institute of Food Bioresources Technology. Data 

was analyzed using ANOVA, means separated by fisher’s LSD at p<0.05 level of 

significance. From the findings, pH values ranged between 4.45±0.0 and 3.92±0.0. Results 

for titratable acidity were between 0.78±0.0 and 0.93±0.0. Syneresis values ranged between 

8.93±0.5 and 25.33±0.6, while viscosity ranged from 3241.7±62.9 to 2041.7±14.4. 

Significance difference were recorded in all physicochemical properties evaluated in this 

research, while sensory scores ranged from 6.5 to 8.5 and significance difference was 

recorded in all sensory parameters used except in texture and aroma. Physicochemical 

properties of yoghurt were found to influence the quality and overall acceptability of yoghurt 

by the consumers. 

 

Keywords: coffee extract, yoghurt, physicochemical properties and sensory. 
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Despite the growing popularity of Chia (Salvia hispanica L.) across the world, data on 

agronomic practices on this crop are still scarce. Essentially, mineral nitrogen (N) is the most 

important nutrient in driving crop growth, yield and quality of crops, in addition to its inter-

relations with other nutrients. This study examined the effect of rate of N supply on crop growth 

and yield of chia in open field conditions. Experiments were carried out in Kabete and Nyeri 

over two seasons using a randomized complete block design. The studied N rates were 25 kg 

N/ha, 50 kg N/ha, 75 kg N/ha, 100 kg N/ha and 0 kg N/ha as negative control. Nitrogen was 

sourced from urea with 46% N, and applied in two equal splits at two and six weeks after 

planting. Crop growth traits were tracked over time, and yield collected. An increase in nitrogen 

fertilizer concentration resulted to an increase in the growth parameters as opposed to yield 

parameters such as grain yield (g/plant), test weight (g) and harvest index (%). Overall, 

application of nitrogen concentration from 25 to 100 kg N/ha as well as the control showed a 

steady growth, performance and yields in chia. Following the results findings, further studies are 

recommended to understand at what point increase of nitrogen fertilizer concentration could 

result to a negative implication on the yields. 

Keywords: nutrients, nitrogen fertilizer, growth and yield, performance 
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5.1 Introduction 

Chia (Salvia hispanica L.) production has gained interest in other tropical regions rather than 

only in Mexico and Guatemala, its centre of origin (Cahill, 2004). As a herbaceous crop, its 

adaptability to other regions especially in sub-Saharan Africa seemed prioritized owing to its 

associated nutrition and health benefits (Kibui et al., 2018; Ashura et al., 2021). High 

concentration of polyunsaturated fatty acids omega 3 and omega 6, essential fatty acids and 

mucilaginous fibre content (Peiretti and Gai, 2009) are among the beneficial components making 

chia exceptionally cultivated in most tropical and subtropical regions with 400-2500m above sea 

level (Orozco et al., 2014).  Countries such as Australia, Argentina, Peru, Bolivia and Colombia 

extensively cultivate chia for food and income generation (Busilachi et al., 2013). Upon its 

diversification as well as agronomic requirements, chia has a promising potential to significantly 

increase the efficiency of food and feed production in addressing food nutrition demand. This 

follows an argument that with time, essential nutrients such as proteins, unsaturated fat and 

minerals from animal and fish foods will be incredible scarce (Kaale and Eikevik, 2014).  

Adoption of chia as a pseudo-cereal across several sub-Saharan African countries such as Kenya 

calls for extensive studies on its agronomic suitability, especially on levels of nitrogen. To a 

large extent, nitrogen which is the most mobile plant nutrient had been extensively considered 

the most easily exhaustible nutrient in most sub-Saharan soils that are seamlessly low in amounts 

(Mughogho et al., 1986). Owing to poor agricultural cultivation techniques and soil and water 

management approaches, most sub-Saharan soils are considered poor in nutrition (Reynolds et 

al., 2015). As a result, several crops and trees have been extensively studied and further 

incorporated into most cropping systems purposely to improve nitrogen composition in the soil 

(Buresh and Tian, 1986; Sanginga, 2003; Mafongoya et al., 2006). Besides the challenge of soil 

nutrients to support crop growth and development, various research studies had explored 



 
 

inexpensive and sustainable solutions for supplementing the needed nutrients from different 

plant sources such as soybeans, Moringa oleifera (Rweyemamu et al., 2015), and chia seeds 

(Otondi et al., 2020). As of chia, its level of soil nutrients, especially nitrogen in Kenya, remains 

elusive. Though the recommended nitrogen application is 50 Kg N/Ha, instances of low or high 

nitrogen levels are not well understood on the growth and yields of chia.  

For instance, the application of nitrogen to crops such as maize was shown to remarkedly 

increase most of its growth parameters and yield (Vos et al., 2005). Conversely, in chia, 

application of up to 20 Kg N/Ha had a detrimental effect on the yield and corresponded to higher 

lodging and lower maturation percentage of seeds (Bochicchio et al., 2015). Given the potential 

of chia seeds for food and income generation, it calls for extensive research to explore its optimal 

nitrogen application for effective growth and yields. Thus, this study purposed to explore the 

effect of nitrogen concentrations application on the growth and yields of chia in open fields. 

Outcomes of this study would recommend optimal nitrogen application in chia to most farmers 

that have opt or already ventured into its extensive production.  

 

5.2 Materials and methods 

 

5.2.1 Study sites 

This study was conducted in Kabete, University of Nairobi and  Dedan Kimathi University Field 

plots.  In each study site, two experiment seasons were conducted concurrently from April 2021 

to February 2022.Kabete is located 1
°
 15′S, 36

°
 44′E and 1930 m above sea level and receives 

bimodal rainfall (Sambroek et al., 1982). The mean temperatures and humidity are 26
o
C and 

69%, respectively.Dedan Kimathi University is located 0
°
23′52″S, 36

°
57′39″E and 1781m above 



 
 

sea level, characterized by bimodal rainfall patterns of between 800 to1400mm. Apart from 

having well-drained soils, the study sites at Dedan Kimathi University experience a mean 

monthly maximum temperature of 24
0
C and a minimum of 18

0
C. 

 

5.2.2 Chia crop establishment and nitrogen fertilizer (Treatment) application 

On a 29m × 18.6m piece of land well cultivated in the two sites, chia seeds were sown within the 

15 accommodated plots. In each plot, enough chia seeds were drilled along the 60cm apart inter-

row. Upon emergence after two weeks, the excess chia plants were thinned only to accommodate 

294 plants per plot. On the other hand, other subsequent agronomic practices were adhered to as 

per the crop requirements up to harvesting.    

     

5.2.3 Experimental design 

The five-nitrogen fertilizer (Urea 46%) application rates (Treatments) used were 1.) 0 Kg N/Ha, 

2.) 25 Kg N/Ha, 3.) 50 Kg N/Ha, 4.) 75 Kg N/Ha, and 5.) 100 Kg N/Ha.  Normally, the standard 

nitrogen application rate for chia is 50 Kg N/Ha, therefore, it being a treatment, was considered a 

positive control whereas 0 Kg N/Ha was a negative control. As per the treatments allocated, 

nitrogen fertilizer (Urea 46% N) was applied in two splits- after 2 and 6 weeks- in each plant 

using the ring method. All the treatments were arranged in a randomized complete block design 

with three replications.    

  



 
 

5.2.4 Data collection 

In each plot, 5 chia plants were randomly sampled and data on height, main stem length (cm), 

number of leaves, leaf area, length of the developed inflorescence, number of branches (only 

those developing from the main stem), leaf greenness, number of panicles per plant and biomass 

accumulation. Elaboratively, the main stem length was determined from the soil surface up to the 

start of the inflorescence parts. Leaf area was determined similarly to a study by Goergen et al. 

(2019) with slight modifications particularly on the leaves sample size to fit the formula as LA 

(cm
2
) = 0.642 × leaf length × leaf width. The length of the developed inflorescence was 

determined as the central length from the distal to the proximal end of inflorescence at harvesting 

(upon physiological maturity). Unfortunately, the data on the leaf greenness was only captured in 

the second seasons of both sites from 15 to 80 DAS. At harvesting, all chia plants per plot were 

harvested to determine seeds yield (Kg/plant) and harvesting index (%). Upon 80% of leaves in 

individual treatments show darker colour, which typifies it being dry or dead as described by 

Migliavacca et al. (2014), partly corroborating its physiological maturity. From the harvested 

yields, the harvesting index of each soil moisture field capacity was determined as ratio between 

grain yield and total biomass 

 

5.2.5 Data analysis 

All the research data was statistically analyzed using the Genstat software, 14th edition. An 

analysis of variance (ANOVA) was used to determine significant differences in means of the 

experimental treatments (Nitrogen fertilizer application rates) against all assessed variables the 

growth and development of chia at P<0.05% significance level using Tukeys Least Significance 

Difference multiple comparisons.  



 
 

5.3 Results 

 

5.3.1 Effects of nitrogen fertilizer rates on height of chia grown in open field at Kabete 

and Nyeri 

In the two seasons at Kabete, there was a cumulative increase in the height of chia from 15 days 

after sowing (DAS) to 80 DAS. From 15 DAS to 45 DAS, height in chia was almost similar 

across all the treatments used. Towards 80 DAS, an increase of nitrogen from 50 to 100 Kg N/Ha 

increased the height of chia. Though 25 Kg N/Ha was comparable to other nitrogen application 

treatments and the control in the first season, in the second season, it had the least height that was 

only significantly different from 100 Kg N/Ha. In brief, in the first season, chia grew from 24cm 

to 74cm, whereas in the second season, it was from 36cm to 84cm (Table 5.1).  

Unlike in Kabete, height of chia at Nyeri was slightly taller in all the treatments from 15 to 80 

DAS. Treatments with or without nitrogen were all comparable in the height of chia except at 45 

DAS in the first season and 15 DAS in the second season. However, in the first season, chia 

grew from 42 to 77cm whereas, in the second season, it grew from 55 to 70cm. Yet, among the 

nitrogen applied treatments, highest chia height was recorded at 100 Kg N/Ha followed by 50 

and 75 Kg n/Ha, accordingly, in the first season. As of the second season, highest chia height 

was recorded at 50 Kg N/Ha followed by 75 and 100 K N/Ha, accordingly (Table 5.2).    

 

 

 

 

 



 
 

Table 5.1: Plant height of chia at 15, 45, and 80 days after sowing (DAS) under different 

nitrogen rates (0, 25, 50, 75 and 100 kg N/ha) in open field at Kabete in two seasons. 

 

Nitrogen Rates Season 1 Season 2 

 
15 DAS 45 DAS 80 DAS 15 DAS 45 DAS 80 DAS 

0 Kg N/Ha  24.36a 57.51ab 79.40b 32.07a 71.67a 80.80ab 

25 Kg N/Ha  24.88a 52.17a 75.41ab 36.67a 75.93a 80.20a 

50 Kg N/Ha  26.50a 61.72b 66.63a 37.33a 76.00a 84.40ab 

75 Kg N/Ha  23.90a 58.45ab 69.61ab 35.80a 77.33a 83.27ab 

100 Kg N/Ha  23.30a 60.30ab 77.87b 38.87a 80.27a 89.93b 

L.S.D 3.28 6.66 7.08 5.24 6.82 6.6 

CV% 1.9 1.8 6.2 13.3 6.6 4.9 

p-Value 0.25 0.05 <0.01 0.13 0.17 0.04 

DAS denotes days after sowing chia seeds. Means in the same column not having a common 

letter are significantly different based on the Tukeys LSD test (P<0.05). 

 

Table 5.2: Plant height of chia at 15, 45, and 80 days after sowing (DAS) under different 

nitrogen rates (0, 25, 50, 75 and 100 kg N/ha) in open field in Nyeri in two seasons. 

Nitrogen application rates Season 1 Season 2 

 
15 DAS 45 DAS 80 DAS 15 DAS 45 DAS 80 DAS 

0 Kg N/Ha  44.03a 68.87a 74.18a 55.33ab 68.33a 71.53a 

25 Kg N/Ha  40.55a 69.07a 75.29a 53.33ab 65.93a 67.47a 

50 Kg N/Ha  40.19a 74.67ab 79.32a 61.13b 70.07a 73.53a 

75 Kg N/Ha  42.74a 71.47ab 75.87a 51.29a 65.60a 68.27a 

100 Kg N/Ha  42.60a 78.40b 81.25a 53.99ab 63.93a 67.60a 

L.S.D 3.8 6.01 6.1 5.6 6.64 6.33 

CV% 8.7 7.9 5.6 3.3 3.3 4.9 

p-Value 0.23 0.01 0.12 0.01 0.38 0.22 

DAS denotes days after sowing chia seeds. Means in the same column not having a common 

letter are significantly different based on the Tukeys LSD test (P<0.05). 

 

5.3.2 Effects of nitrogen fertilizer rates on the number of branches of chia grown in open 

field at Kabete and Nyeri 



 
 

Across the two seasons at Kabete, branches started to develop 45 DAS with 8-10 branches that 

increased to 10-12 at 80 DAS. Significance differences (p<0.05) in number of branches in chia 

were only observed in the second season at 80 DAS whereby 75 Kg N/Ha (11 branches) had 

highest branches than 25 Kg N/Ha (9 branches). Though the first season had similar number of 

branches, the control had slightly highest number of branches than other nitrogen concentration 

treatments. As of the second season, 75 and 100 Kg N/Ha had highest number of branches at 45 

and 80 DAS (Table 5.5).   

Similarly, branches in Nyeri developed at 45 DAS and increased onwards. Unlike at Kabete, 

Nyeri had slightly higher branches. For example, in the first season, the branches increased from 

12 to 14 from 45 DAS to 80 DAS whereas, in the second season, it increased from 10 to 18. 

Significance differences (p<0.05) in the number of branches of chia were observed at 80 DAS. 

Among the treatments applied with nitrogen, significantly (p<0.05) highest number of branches 

were in 100 Kg N/Ha in the first (14 branches) and second (30 branches) seasons  an those 

recorded in 50 Kg N/Ha (Table 5.6).   

 

  



 
 

Table 5.5: Number of branches of chia at 45 and 80 days after sowing (DAS) under different 

nitrogen rates (0, 25, 50, 75 and 100 kg N/ha) grown in open field at Kabete in two seasons. 

Nitrogen application Rates Season 1 Season 2 

 
45 DAS 80 DAS 45 DAS 80 DAS 

0 Kg N/Ha  11.47a 12.73a 8.80a 10.60ab 

25 Kg N/Ha  10.73a 12.40a 8.13a 9.07a 

50 Kg N/Ha  10.60a 12.00a 8.53a 9.87ab 

75 Kg N/Ha  10.40a 12.33a 9.33a 11.60b 

100 Kg N/Ha  10.87a 12.40a 9.33a 11.07ab 

L.S.D 1.14 0.98 1.56 1.5 

CV% 7.8 5.5 14.3 13.4 

p-Value 0.42 0.69 0.48 0.01 

DAS denotes days after sowing chia seeds. Means in the same column not having a common 

letter are significantly different based on the Tukeys LSD test (P<0.05). 

 

 

Table 5.6: Number of branches of chia at 45 and 80 days after sowing (DAS) under different 

nitrogen rates (0, 25, 50, 75 and 100 kg N/ha) grown in open field in Nyeri in two seasons. 

Nitrogen application Rates  Season 1 

 

Season 2 

 
 

45 DAS 80 DAS 45 DAS 80 DAS 

0 Kg N/Ha  12.80a 14.13ab 10.67a 11.33a 

25 Kg N/Ha  12.40a 14.13ab 11.07a 11.67a 

50 Kg N/Ha  12.40a 13.47a 11.07a 11.93a 

75 Kg N/Ha  11.80a 13.73ab 11.53a 28.93b 

100 Kg N/Ha  13.07a 14.93b 10.60a 30.07b 

L.S.D 1.16 1.03 1.1 9.96 

CV% 4 1.5 5.5 64.6 

p-Value 0.26 0.06 0.45 <0.001 

DAS denotes days after sowing chia seeds. Means in the same column not having a common 

letter are significantly different based on the Tukeys LSD test (P<0.05). 

  



 
 

5.3.3 Effects of nitrogen fertilizer rates on the number of panicles of chia grown in open 

field at Kabete and Nyeri 

Upon growth of panicles at Kabete Field Station, there were an averagely of 19 panicles by 45 

DAS that increased to 31 by 80 DAS in the two seasons. Overall, in the two seasons, all the 

treatments had no significant difference in the number of panicles. At 45 DAS, highest number 

of panicles of 21 and 22 in 100 Kg N/Ha were recorded in the first and second seasons, 

respectively. As of 80 DAS, highest number of panicles of 33 and 37 in 0 Kg N/Ha were 

recorded in the first and second seasons, respectively. Among the treatments with nitrogen, an 

overall highest number of panicles were observed at 100 Kg N/Ha (Table 5.7).  

In Nyeri, the number of panicles increased from 19 to 49 in the first season but, unfortunately, 

marginally decreased from 19 to 18 in the second season. Here too, the second season had a 

significant difference in the number of developed panicles at 45 and 80 DAS, unlike in the first 

season where all the treatments were at par. Whereas in the first season an increase in nitrogen 

concentration from 25 to 100 Kg N/Ha resulted in an overall increase in number of panicles, in 

the second season, it resulted in a decrease in the number of panicles. Among the nitrogen 

applied treatments, 75 Kg N/Ha (25 panicles) had a significantly (p<0.05) highest number of 

panicles than those with 50 Kg N/Ha (17 panicles) and 100 Kg N/Ha (16 panicles) at 45 DAS. 

Conversely, at 80 DAS, 25 Kg N/Ha (22 panicles) had a significantly (p<0.05) highest number 

of panicles than those recorded with 100 Kg N/Ha (15 panicles) (Table 5.8).  

 

  



 
 

Table 5.7: Number of panicles of chia at 45 and 80 days after sowing (DAS) under different 

nitrogen rates (0, 25, 50, 75 and 100 kg N/ha) grown in open field at Kabete in two seasons. 

Nitrogen application Rates Season 1 Season 2 

 
45 DAS 80 DAS 45 DAS 80 DAS 

0 Kg N/Ha  17.00a 33.80a 20.25a 37.33a 

25 Kg N/Ha  20.47a 29.47a 19.34a 31.50a 

50 Kg N/Ha  19.27a 30.47a 19.00a 28.56a 

75 Kg N/Ha  17.53a 28.80a 18.36a 29.32a 

100 Kg N/Ha  21.40a 31.87a  22.45a  30.65a 

L.S.D 4.33 5.71 5.1 9.35 

CV% 7.2 14.6 10 18.34 

p-Value 0.21 0.43  0.45  0.56 

DAS denotes days after sowing chia seeds. Means in the same column not having a common 

letter are significantly different based on the Tukeys LSD test (P<0.05). 

 

Table 5.8: Number of panicles of chia at 45 and 80 days after sowing (DAS) under different 

nitrogen rates (0, 25, 50, 75 and 100 kg N/ha) grown in open field in Nyeri in two seasons. 

Nitrogen application Rates Season 1 Season 2 

 
45 DAS 80 DAS 45 DAS 80 DAS 

0 Kg N/Ha  18.93a 49.60a 16.20a 16.87ab 

25 Kg N/Ha  18.60a 46.53a 21.93ab 22.53b 

50 Kg N/Ha  18.20a 48.13a 17.73a 19.60ab 

75 Kg N/Ha  17.73a 48.27a 25.27b 19.60ab 

100 Kg N/Ha  23.80a 53.40a 16.67a 15.53a 

L.S.D 5.19 8.75 5.15 4.57 

CV% 17.1 4.4 13.6 35.1 

p-Value 0.14 0.6 0.002 0.03 

DAS denotes days after sowing chia seeds. Means in the same column not having a common 

letter are significantly different based on the Tukeys LSD test (P<0.05). 

  



 
 

5.3.5 Effects of nitrogen fertilizer rates on the leaf greenness of chia grown in open field 

at Kabete and Nyeri 

Over the assessment period from 15 to 80 DAS, there was an increase in leaf greenness with the 

increase in the concentration of nitrogen in chia as observed in the second seasons of both sites. 

On the other hand, there was a decrease in leaf greenness from 15 DAS to 80 DAS in all 

treatments. Chia established in Nyeri had slight higher leaf greenness than those established at 

Kabete Field Station. In brief, at Kabete, leaf greenness was significantly different across the 

treatments in all the assessed periods except at 45 DAS where all treatments averaged 31 µmol m
-

2. At 15 DAS, 75 and 100 Kg N/Ha, all at par, had significantly (p<0.05) highest leaf greenness 

compared to the control that had the least. Also, 50 Kg N/Ha, which was ranked after 75 and 100 

Kg N/Ha in leaf greenness, was too significantly (p<0.05) higher than the control. Only 25 Kg 

N/Ha was comparable leaf greenness to the control. Despite a marginal increase in leaf greenness 

from 15 to 45 DAS, all the treatments at 45 DAS showed no significant difference. Rather, 

highest to lowest leaf greenness was recorded in 75 Kg N/Ha and was followed by 100, 0, 25 and 

50 Kg N/Ha, accordingly. At 80 DAS, where leaf greenness was observed to decline, only 100 

Kg N/Ha had significantly (p<0.05) highest leaf greenness than all other treatments. As of Dedan 

Kimathi University Field Station, 15 to 45 DAS not only showed no significant difference in its 

leaf greenness but also a marginal decline of leaf greenness from a mean of 48 to 45 µmol m
-2.  

Surprisingly, at 80 DAS where the leaf greenness had reduced by almost 50% (25 µmol m
-2), 

treatments with 100, 0 and 25 Kg N/Ha had significantly (p<0.05) highest leaf greenness than 

that recorded in 75 Kg N/Ha. Overall, among the treatments applied with nitrogen, 100 Kg N/Ha 

had highest leaf greenness from 15 DAS onwards (Table 5.11).  

 



 
 

 

Table 5.11: Leaf greenness of chia grown in open field 15,45 and 80 days after sowing at Kabete 

and Nyeri 

Nitrogen application rates Kabete   Nyeri 

 
15 DAS 45 DAS 80 DAS 15 DAS 45 DAS 80 DAS 

0 Kg N/Ha  30.39a 31.19a 24.43a 46.87a 44.88a 28.55bc 

25 Kg N/Ha  31.27ab 29.85a 26.15a 47.75a 45.59a 24.30abc 

50 Kg N/Ha  34.28bc 29.65a 24.02a 49.34a 45.19a 21.13ab 

75 Kg N/Ha  36.63cd 33.29a 25.90a 47.25a 45.70a 20.59a 

100 Kg N/Ha   37.83d  32.67a  33.31b  48.79a 46.53a 30.15c 

L.S.D 2.14 3.1 3.34 5.25 1.65 5.63 

CV% 3.5 4.7 6.2 7.55 1.4 12.5 

p-Value <0.001  0.08  <0.001  0.25  0.34 0.002 

DAS denotes days after sowing chia seeds. Means in the same column not having a common 

letter are significantly different based on the Tukeys LSD test (P<0.05). 

 

5.3.6 Effects of nitrogen fertilizer rates on the grain yield, test weight and harvestindex of 

chia grown in open field at Kabete and Nyeri 

Harvested chia at Kabete had no significant difference in its grain yield (g/plant), test weight (g) 

and harvesting index (%) across the two seasons. However, all the treatments applied with 

nitrogen had a higher grain yield compared to the control across the two seasons. Still, among the 

nitrogen applied treatments, highest grain yield was recorded at 75 Kg N/Ha (240 g/plant) and 50 

Kg N/Ha (1520 g/plant), in the first and second seasons, respectively. In the first season, the test 

weight and harvesting index were 7g and 40% whereas for the second season were 47g and 28%, 

respectively (Table 5.14).   

Also, in Nyeri, all the yield parameters had no significant difference except grain yield (g/plant) 

in the first season. For example, in the first season, the control  (1250 g/plant) had a significantly 

(p<0.05) highest grain yield than that recorded in 25 Kg N/Ha (950 g/plant). Though 25 Kg N/Ha 



 
 

had the least grain yield, it was significantly at par with 75 and 100 Kg N/Ha. Besides, both the 

test weight and harvesting index were 7g and 35%, respectively. Among the nitrogen applied 

treatments, test weight marginally increased upon an increase in nitrogen concentration from 25 

Kg N/Ha up to 100 Kg N/Ha, accordingly. This was also evident in the second season when the 

test weight increased from 6.60g to 7.58g. Whereas highest harvesting of 42% was recorded at 

100 Kg N/Ha in the first season, it was 46% at 0 Kg N/Ha in the second season (Table 5.15).    

  



 
 

Table 5.14: Grain yield, test weight and harvest index of chia under different nitrogen rates (0, 

25, 50, 75 and 100 kg N/ha) grown in open field grown in open field at Kabete in two seasons. 

Nitrogen application rates Season 1 Season 2 

 

Grain yield 

(g/plant/ha) 

Test 

weight 

Harvest 

index (%) 

Grain yield 

(g/plant/ha) 

Test 

weight 

Harvest 

index (%) 

0 Kg N/Ha  180a 7.72a 45a 1025a 45.76a 25a 

25 Kg N/Ha  2060a 7.37a 39a 1100a 47.30a 31a 

50 Kg N/Ha  238a 7.49a 37a 1520a 46.40a 29a 

75 Kg N/Ha  240a 7.48a 37a 1500 46.95a 33a 

100 Kg N/Ha  226a 7.42a 38a  1300 46.98a 24a 

L.S.D 127.7 0.74 13.57 505 1.84 12.57 

CV% 6.4 1.1 3.1 13 0.3 11.7 

p-Value 0.79 0.85 0.62  0.43 0.39 0.48 

Means in the same column not having a common letter are significantly different based on the 

Tukeys LSD test (P<0.05). 

 

Table 5.15: Grain yield, test weight and harvesting index of chia under different nitrogen rates 

(0, 25, 50, 75 and 100 kg N/ha) grown in open field grown in open field in Nyeri in two seasons. 

Nitrogen application rates Season 1 Season 2 

 

Grain yield 

(g/plant) 

Test 

weight 

(g) 

Harvesting 

index (%) 

Grain 

yield(g/plant) 

Test 

weight 

Harvesting 

index (%) 

0 Kg N/Ha  1250.00b 6.79a 34.63a 250.10a 6.57a 46.22a 

25 Kg N/Ha  950.00a 6.74a 36.06a 320.70a 6.60a 40.00a 

50 Kg N/Ha  1333.00b 6.70a 32.33a 277.30a 6.47a 43.55a 

75 Kg N/Ha  1200.00ab 7.12a 32.00a 263.30a 7.20ab 40.34a 

100 Kg N/Ha  1050.00ab 7.42a 42.00a 346.30a 7.58b  39.78a 

L.S.D 255.5 0.9 10.86 158.3 0.77 6.75 

CV% 11.7 3.6 13.3 10.6 3.5 10.75 

p-Value 0.04 0.36 0.3 0.62 0.04  0.25 

Means in the same column not having a common letter are significantly different based on the 

Tukeys LSD test (P<0.05). 



 
 

5.4 Discussion 

Adoption and diversification of different crops to enhance food production and income 

generation also depends on the optimal agronomic practices, for instance, sufficient amount of 

nutrients for crop demands. Besides several studies showing evidence of nutritional benefits of 

chia (Zettel and Hitzmann, 2018; Felemban et al., 2021; Ashura et al., 2021), cultivation of chia 

in open fields has just been considered an ideal alternative though comprehensive studies in most 

sub-Saharan African countries are scarce. However, from this study, the application of 25 to 100 

Kg N/Ha was shown effective in enhancing the growth of chia in open field. Alternatively, chia 

was shown to grow well without the application of nitrogen. Though several studies had shown 

drought tolerance in chia (Silva et al., 2021; Mack, 2020), this study further revealed the 

potential of chia to be cultivated without the incorporation of nitrogen fertilizer.  

The nutritional requirements for the crop are of paramount importance in its production. 

According to Rathke et al. (2005), nitrogen fertilizer was reported to play a vital role in 

enhancing crop yields. A study by Taylor et al. (1991) and Qayyum et al. (1998) showed that 

nitrogen increased yield by increasing the growth and development of branches and pods, seeds 

and 1000 seed weight. The challenge of the type of applied fertilizers, rarely taken into 

consideration by researchers and in practice, is even more ambiguous (Wiesler et al., 1999). 

However, this study showed an excellent increase in height, branches, and leaf area of chia on 

soil without or those enriched with up to 100 Kg N/Ha. From these results, it can be partly 

attributed that, the available N% in the soil, which was 0.25% and 0.13% for the clay-loam and 

clay soils of Kabete and Dedan Kimathi Field Stations, respectively, was optimal for its effective 

production or the plant only utilized enough for its growth and development.  



 
 

Understanding the processes that govern N uptake and distribution in crops is of major 

importance with respect to both environmental concerns and the quality of crop products. 

According to Gastal and Lemaire (2002), in crops, the uptake of nitrogen and its accumulation 

represents two major components of the N cycle in the agro system. However, in most crops, the 

relationship between N and biomass accumulation depends on the reciprocal regulation of 

multiple crop physiological processes. This study showed a decline in leaf greenness from 45 

DAS onwards and a simultaneous increase in the total biomass of chia. The activity of the top of 

the plant is evidence of physiological N efficiency that involved the absorbed N in processes of 

synthesis. The presence of high leaf greenness at the early stages of chia growth, especially at 15 

and 45 DAS, could partly be attributed to the high number of developing chloroplasts to enhance 

photosynthesis to generate energy for tissues at the early vegetative stage. However, as the chia 

matures, probably at 80 DAS or onwards, there are few chloroplasts for energy generation which 

is probably more to grain filling rather than vegetative production. According to Prioul et al. 

(1980), the growth and development of leaves are characterized by a structural and functional 

acclimation of the photosynthetic apparatus to the light intensity. As a result, a sufficient supply 

of nitrogen increases the rate of photosynthesis following its role in leaf growth because it 

increases the leaf area of plants. Although photosynthetic proteins represent a large proportion of 

total leaf N, the leaf greenness is approximately proportional to leaf nitrogen content (Evans, 

1983).   

Though the recommended nitrogen application is 50 Kg N/Ha, this study further indicated that 

more up to 100 Kg N/Ha or 0 Kg N/Ha, had similar total biomass, grain yield, and harvesting 

index and test weight in chia grown in open field. For instance, the application of nitrogen to 

crops such as maize was shown to remarkedly increase most of its growth parameters and yield 



 
 

(Vos et al., 2005). Conversely, in chia, application of up to 20 Kg N/Ha was shown to have a 

detrimental effect on the yield and corresponded to higher lodging and lower maturation 

percentage of seeds (Bochicchio et al., 2015). Similarly, on rapeseed, a higher amount of 

nutrients and available N were shown to frequently limit seed yield (Hockings et al., 1997).  

5.5 Conclusion  

This study showed nitrogen concentration from 25 to 100 Kg N/Ha as well as the control were 

effective in growth performance and yields in chia, however, to what point of application is the 

nitrogen increase, and could result to a positive or negative implication on the yields? 

Therefore, from these results, further studies are recommended to understand the association of 

soil nutrients with the growth and development of chia. For newly introduced crops such as chia, 

it is necessary to extensively research appropriate production technology for different 

environments to enhance its diversification. 
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Sports drinks are widely used by athletes and individuals involved in high intensity intermittent 

exercises. The current commercial sports drinks which have become popular support 

performance by providing energy and rejuvenation with mineral fortified water, have a lot of 

artificial food additives.  A study was therefore conducted with the aim of developing a sports 

drink using purple tea, hibiscus, sea salts and glucose. The ingredients are natural, nutritious, 

affordable and locally sourced. The developed formulation was analyzed for; antioxidant activity 

by Spectrophotometry, total monomeric anthocyanins by pH differential method and individual 

profile anthocyanins by HPLC method. Minerals were analyzed by ICP Emission 

spectrophotometry and pH was determined by use of a pH meter. Four formulations were made 

designated as FSD5, FSD10, FSD15 and FSD20 with the purple tea extract varying from 5%, 

10%, 15% and 20% v/v, respectively and sensory evaluation carried out using a 9 point Hedonic 

scale. Sample FSD5 had the best overall average acceptance rating of 6.7±0.50. The findings of 

the experimental study showed that the formulated purple tea sports drink had 19.67%±0.20 

antioxidant activity, 412.73 mg/L ±0.10 of total monomeric anthocyanins and 8 different types of 

anthocyanins with Malvidin being the most predominant. 17 types of minerals were profiled with 

Sodium 183.84 ppm±0.08 being most predominant, which promotes electrolyte replacement 

during exercises. The recommended pH of 4.7±0.1 was achieved for maintenance of blood/body 

fluids electrolyte balance and alleviation of muscle crumbs by the athletes. The research 

demonstrates that the formulated, nutritious and isotonic drink, rich in antioxidant, energy, 

micronutrients and developed using locally available food ingredients has great potential for use 

as a sports drink. In addition the drink which was produced using affordable simple drying and 

mixing technology that is environmental friendly has potential for commercialization in future so 

as to improve the livelihoods rural small scale tea farmers. 
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1. INTRODUCTION 

Tea (Camellia Sinesis) is one of the most popular and low cost beverages in the world and is 

consumed by a large number of people (Basu et al., 2010). Tea contains bioactive polyphenols 

which play a huge role in its quality (Kerio et al., 2012). Black (aerated) tea is approximated to 

be the most consumed tea worldwide (Abeywickrama et al., 2011; Economic Review of 

Agriculture, 2007; Mwaura & Ogise, 2007), however, different projections show that the world 

market for black (aerated) tea will shrink whereas that for un-aerated and other form of specialty 

teas is expected to grow (Ochanda, 2010). 

The main polyphenols in tea are catechins, which have been found to be pharmacologically 

active (Karori et al., 2007; Rizvi et al., 2005; Wachira & Kamunya, 2005; Higdon & Frei, 2003). 

The major catechins in the tea leaf are: catechin (C), gallocatechin (GC), epigallocatechin 

(EGC), epicatechin (EC), epicatechin gallate (ECG) and epigallocatechin gallate (EGCG) with 

the most abundant is EGCG (Kerio et al., 2012). 

Black (aerated) tea processing leads to the auto-oxidation catalyzed by polyphenol oxidase 

enzyme (PPO) which converts the  catechins to complex coloured compounds, which include 

theaflavins (TFs) and thearubigins (TRs), which give the aerated tea its quality characteristics 

(Obanda et al., 2004). In un-aerated tea processing, the leaf is initially steamed to inactive the 

polyphenol oxidase enzyme reducing any biochemical reactions involving it. Therefore, the total 

catechin content in un-aerated teas is higher than that in aerated teas from the same clones 

(Karori et al., 2007). 

The potential health benefits of tea have been associated with the flavonoid component. Some of 

the health benefits include: protective role against cardio vascular diseases (Cabrera et al., 2006; 

Nagao et al., 2007), low density lipoprotein oxidation (Hans et al., 2007), diabetes (Vinson et al., 

2001; Vernarelli et al., 2012) and inflammation ( Karori et al., 2008). The flavonoid component 

in tea has potent antioxidant activity that not only poses potential health benefits but also has 

some antimicrobial effects on several disease-causing pathogens (Paola et al., 2005). Tea 

catechins (EC and EGCG) are also co-administered with oral drugs which reduces 

glucuronidation and sulfonation hence increasing their bioavailability in the body (Hang et al., 

2003). 

Purple leaf tea cultivar is a relatively new product in the world market. It undergoes the same un-

aerated tea processing as the green tea cultivar (Kamunya et al., 2009). The cultivar is 

characterized by having purple leaves which are rich in anthocyanins and anthocyanidins (Kerio 

et al., 2012). Anthocyanins and anthocyanidins are phenolic bioactive plant pigments that form 

glycoside and aglycone, respectively (Hock et al., 2017). They possess anti-inflammatory (Dai et 

al., 2007), anti-oxidant (Choi et al., 2007), anti-diabetic (He et al., 2011) and anti-microbial 

properties (Viskelis et al., 2009). In addition, the bioactive pigments have been shown to induce 

apoptosis in cancerous cells (Lo et al., 2007) and protect cells against oxidative stress-induced 

apoptosis (Elisia et al., 2008). 



 

 

 

Fig 1: Purple leaf colored tea cultivar (Kerio et al., 2012). 

 

1.1 PROBLEM STATEMENT 

The discovery of clone TRFK 306 of purple tea was in line with the aspirations of Vision 2030 

that Kenya needs to diversify its tea products and add value to enhance productivity and boost 

economic growth in the agricultural sector. Domestically, the annual per capita consumption of 

black tea is estimated at 0.47 kilograms. The consumption of purple tea is even much less due to 

inadequate knowledge about the variety. This has led to the underutilization of the tea variety 

despite its numerous economic and health benefits. In previous research, Purple tea has been 

used in the fortification of alcoholic beverages to reduce the harmful effects of alcohol and in 

another study it was enriched with spices and its consumer acceptability evaluated. 

This study aims at utilization of purple tea in the development of an antioxidant rich sports drink. 

Sports drinks are mainly used by athletes, people involved in endurance sports and physical 

exercises to hydrate, replenish electrolytes lost through sweat and energy used up. A lot has been 

done on carbohydrate- electrolytes supplementation but not much on nutrient supplementation. 

Other ingredients can be added to improve performance, mental focus and prevent or help in 

specific health conditions. Purple tea is rich in anthocyanins which serves as antioxidants and 

caffeine which improves alertness, mood and cognitive function when incorporated into the 

sports drink. 



 

Sea salts are added to give the much needed electrolytes that are lost through sweating. This is a 

natural source of the electrolytes such as sodium, potassium and chlorides. 

 

1.2 MAIN OBJECTIVE 

To utilize purple tea and sea salts in the development of a novel sports drink rich in antioxidants 

and minerals and analyze physical, chemical and sensory parameters of the formulated drink. 

1.2.1 SPECIFIC OBJECTIVES 

 To determine physicochemical properties and mineral composition of the formulated 

drink. 

 To determine the antioxidant activity of the formulated drink. 

 To determine the total monomeric anthocyanins of the formulated drink. 

 To determine the consumer acceptability of the formulated drink. 

 

 

 

 
 

 

 

 

 

 

 

 

 



 

2. METHODS 

2.1 RESEARCH DESIGN 

 The completely randomized research design was used, as it involves the principle of replication 

and randomization. The experimental units were uniform, each containing the same amount of 

the basic ingredients. The treatment, Purple Tea, is randomly assigned to each experimental unit 

in percentages ranging from 0%, 5%, 10%, 15% and 20%. An experimental control (CSD) was 

formulated containing the basic ingredients, which are water, glucose 8% w/v, sea salts 0.8% 

w/v, sucrose 10% w/ v , and hibiscus( natural colorant) 1% w/v. The developed formulations were 

designated as (FSD5, FSD10, FSD15 and FSD20) with the varying amount of purple tea extract. 

Sensory evaluation was carried out using a 9 point Hedonic scale. The developed formulation 

was analyzed for; antioxidant activity by Spectrophotometry, total monomeric anthocyanins by 

pH differential method and individual profile anthocyanins by HPLC method. Minerals were 

analyzed by ICP Emission spectrophotometry and pH was determined by use of a pH meter. 

 

  

Fig 2.1:  Raw materials for development of formulation. 

 

2.2 SPORTS DRINK DEVELOPMENT PROCESS 

Dried purple tea leaves were obtained from Kangaita tea processing factory. The dried hibiscus 

calyxes were obtained from Gatanga tea processing factory. The ingredients were measured by 

weight basis according to the research design, dissolved in 100 ml water, heated to 100 
O
C and 

held for 7 minutes. It was then cooled to room temperature. 

 

  



 

 

 

 

                                                                                                                      

 

 

 

 

 

 

 

 

  

Fig 2.1a: Sports Drink Formulation making process. 

 

 

 

 

Fig 2.2: Dried Purple tea leaves         Fig 2.3: Hibiscus calyxes 

 

Fig 2.4: Formulated drink with 0%, 5%, 10%, 15%, 25% purple tea infusions. 

PACKAGING 

PURPLE TEA LEAVES+ HIBISCUS CALYXES+ 

GLUCOSE+ SEA SALTS+ SUCROSE 

COOL TO ROOM TEMPERATURE 

INFUSE WITH WATER AT 100OC 

FOR    7 MINUTES (Pérez-Burillo et 

al., 2018) 



 

3 RESULTS AND DISCUSSION 

3.1 SENSORY EVALUATION OF FORMULATED DRINK 

 

Overall ratings 

CSD got the highest overall average rating of all the products with7.1 out of 9. This shows that when all 

the attributes are taken into account, CSD was the most preferred by the respondents. It is however 

important to note that CSD1 had the lowest number of responses who rated it as compared to the other 

products.  It was then followed by FSD5 with an average rating of 6.7, FSD10 with 6.1, FSD20 with 5.5 

and lastly FSD15 with 5.5 out of 9.  

 

Fig 3.1:  Sensory evaluation ranking of the formulations 

3.2 MEASUREMENT OF pH 

The pH of each ingredient was measured before the development of the sports drink at room 

temperature. The pH meter was calibrated with pH 4, 7 and 10 buffers prior to usage. Analysis 

was conducted in triplicate. 
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Fig 3.2:  pH values of the ingredients and formulated sample 

 

Hibiscus calyxes infusion is highly acidic compared to the other ingredients (Sagayo-Ayerdi et 

al., 2007, Fasoyiro et al., 2005,).This can be useful in increasing the shelf life of the 

formulations.  A study by Akkarachaneeyakorn et al (2015), found that a decrease in pH 

increased the anthocyanins content in mulberry juice. This is due to the stability of anthocyanins 

under acidic than in neutral or alkaline conditions. The increase of the purple tea concentration in 

the different formulations showed an increase in the pH. 

3.3 TOTAL MONOMERIC ANTHOCYANINS BY pH DIFFERENTIAL 

METHOD, ANTIOXIDANT ACTIVITY USING SPECTROPHOTOMETRY AND 

INDIVIDUAL PROFILE ANTHOCYANINS BY HPLC METHOD. 

 

The findings of the experimental study showed that the formulated purple tea sports drink had 412.73 

mg/L ±0.10 of total monomeric anthocyanins and 8 different types of anthocyanins with Malvidin 

being the most predominant. 

 

 

Fig 3.3:  Individual Profile 

Anthocyanins in the Formulated 

drink, Purple tea and Hibiscus 

 

 



 

Fig 3.4: Comparative Analyses of the 

Total Monomeric anthocyanins  in the 

Formulated drink, Hibiscus and Purple 

tea 

 

 

The sports drink is rich in Anthocyanins not only from Purple tea but also from hibiscus calyxes. 

Anthocyanins have a high antioxidant activity than those of vitamins C and E (Soobrattee et al., 2006) 

 

3.4MINERALS ANALYSIS BY ICP EMISSION SPECTROPHOTOMETRY 

 

17 types of minerals were profiled with Sodium being most predominant, which promotes 

electrolyte replacement during exercises. The predominant mineral is Sodium, due to the Sea 

Salts. It is involved in the maintenance of normal cellular homeostasis,regulating blood pressure 

and regulation of fluid –electrolyte balance in the body (Morris et al., 2006).    

  

Fig 3.5:  Minerals content in the Formulated drink 

 



 

 

4. CONCLUSION 

The research demonstrates that isotonic sports drinks can be formulated using nutritious and 

antioxidant rich locally available materials. The formulated sports drink not only rapidly delivers 

both glucose and fluids to the body but also offers nutritional supplementation during high 

intensity intermittent exercises. The presence of anthocyanins in the purple colored leaf tea 

cultivar and their high solubility in water; is a good indication that it can be used to formulate 

functional beverages (Bagchi et al., 2006; Kerio et al., 2013). 
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Abstract 

In the past few years, graphene and graphene-based materials have received enormous 
interest from the scientific community due to their extraordinary mechanical, electronic, 
optical and electrochemical properties. The success of graphene applications highly 
motivates the exploration of other applications such as in designing of antennas, phase 
modulation, as a frequency multiplier, design of graphene-based Field Effect Transistors, 
its use as an electrode in batteries and as a supercapacitor. In this paper, we present the 
Graphene Oxide/ Nanocrystalline cellulose (GO/NCC) composite material experimental 
phase modulation investigation. The modulator produced a 0.2πᶜ phase shift and the 
temporal profile obtained. The insertion loss at an ideal voltage of 2V and the extinction 
ratio was determined to be 15.17 dB at 25MHz and 12.22 dB respectively. The 0.2πᶜ 
phase shift demonstrated by GO/NCC implies that it can be used in phase shift keying, 
specifically, in Off-set quadrature phase-shift keying modulation where a phase change of 

not greater than 
π2 radians at a time is required.  

Keywords: Phase modulation, Insertion loss, Extinction ratio, Modulation index, 
Graphene Oxide/Nanocrystalline Cellulose (GO/NCC).  

I. Introduction 

Phase modulation, an angle modulation technique, is the process of varying the phase of 
the carrier signal linearly with the message signal. This technique is very critical and has 
a wide range of applications in digital communication. Apart from it being widely used 
for transmitting radio waves and being an integral part of many digital transmission 
coding schemes that underlie a wide range of technologies like Wi-Fi, GSM and satellite 
television, phase modulation also finds application in photonic systems such as in Fiber-
optic sensors and gyroscopes, integrated-optics sensors, or high-performance photonic 
integrated circuits[1]. Such a photonic system can be integrated as the core part of some 
specific applications like biosensors, 5G advanced optical communication devices, 
gyroscopes, or high-performance computation devices[1]. 

Others include in military electromagnetic warfare applications[2], in Polar and out-
phasing transmitters[3] and improvement of ultrasonic imaging in aluminum plates[4] 
among various other applications.  

In engineering, figures of merit are the key parameters that are often defined for 
particular materials or devices in order to determine their relative utility for an 

https://en.wikipedia.org/wiki/Radio
https://en.wikipedia.org/wiki/Wi-Fi
https://en.wikipedia.org/wiki/GSM
https://en.wikipedia.org/wiki/Satellite_television
https://en.wikipedia.org/wiki/Satellite_television


 

application[5]. This also enables a comparison to be done on the material or device that 
has been fabricated against those previously fabricated for the same application. The key 
phase modulator parameters include: extinction ratio, insertion loss, modulation index 
and the modulation efficiency. 

The Phase modulation index describes the peak phase difference between the modulated 
and unmodulated signal, given as h: 

h = ∆𝜽                                 (i) 

The insertion loss (IL) defines the loss or gain that is apparent upon inserting the network 
or device to be measured between a given source and a given receiver [6, 7]. It is given 
by: 

Insertion Loss (IL) = 10𝐥𝐨𝐠𝟏𝟎(𝐏𝒊𝒏 𝐏𝒐𝒖𝒕⁄ ),               (ii) 

where Pin is power incident to the modulator, and PR is the power transmitted from the 
modulator. 

On the other hand, the extinction ratio gives the ratio of optical power when a one is 
transmitted versus when a zero is transmitted[8], given by: 

Extinction Ratio (ER) = 𝐏𝟏 𝐏𝟎⁄        (iii) 

where P1 is the optical power level generated when the light source is on, and P0 is the 
power level generated when the light source is off. 

These key parameters have been determined for the conventional phase modulators such 
as the Silicon-based phase modulators[9-12] and Lithium niobate (LiNbO3) phase 
modulator[13, 14] among others. 

However, most of the above-mentioned modulators suffer from low modulation 
efficiency, large footprint, substantial temperature sensitivities, narrow operating 
bandwidth, and high insertion loss[15]. To be able to mitigate those limitations, a 
modulator with ultra-compact device footprint, small insertion loss, low energy 
consumption, ultrafast response, high modulation speed, broad operation bandwidth, and 
acceptable thermal tolerance is highly desirable[15]. 

Graphene[16] features unique properties such as strong coupling with light, gate-variable 
optical conductivity, extraordinary thermal conductivity in the range of 3000-
5300W/mK[17], and ultrahigh saturable absorption[18], which show great potential 
applications in optical modulators.  

A.Wirth-Lima et al.[19] presented Graphene-based Binary Phase-shift keying (BPSK) 
and Quadrature  Phase Shift Keying (QPSK) modulators which could operate in the range 
from the Tera-Hertz up-to the infrared. These devices were noted to have huge 



 

advantages over the Silicon Mach-Zehnder optical modulators (MZMs) with lateral PN-
junction rib-waveguide phase shifters such as having only one waveguide and a much 
simpler application system of the modulator signal (gate voltage) than in silicon MZMs. 
A series of theoretical investigations and experimental demonstrations of graphene-based 
modulators have been extensively researched [20-28]. 

In this paper, we present a Graphene Oxide/Nanocrystalline Cellulose (GO/NCC) Phase 
modulator that offers huge advantages as compared to the silicon based MZMs such as 
having a much simpler design, greater efficiency and is cheaper. The phase shift, 
temporal profile as well as the key figures of merit that include the modulation index, 
extinction ratio and insertion loss is experimentally determined. 

II. Materials and Methods 

1. Synthesis of Graphene Oxide/Nanocrystalline Cellulose Composite material 

(GO/NCC) 

The NCC was prepared from dissolving pulp, obtained from a hard wood source, by 
means of hydrolysis with sulfuric acid (65% m/m). A mass of 5 g of dissolving pulp was 
mixed with 100 ml of sulfuric acid aqueous solution, and the mixture was stirred 
vigorously (700 PM ) at 64°C for 1 hour. The mixture was diluted 10-fold with deionized 
water to stop the hydrolysis reaction and the diluted mixture was then centrifuged at 9000 
RPM on a Hettich Zentrifugen, Universal 320 R, centrifuge, for 15 min to concentrate the 
cellulose and remove excess aqueous acid. A precipitated solid material was rinsed with 
distilled water and centrifuged again; this process was repeated 3 times. The material was 
subsequently dialyzed in Sigma-Aldrich dialysis sacks, against deionized water for one 
week until a pH of 7 was reached. The dialyzed nanocellulose was sonicated in an 
ultrasonic bath (UP400S 400W, Hielscher Co., Germany), for 5min under cooling in a 
bath at 75% output and 0.7 cycles to obtain a NCC colloidal solution. 

Graphene Oxide (GO) was prepared using a modified Hummer’s method[29]. In this 
synthesis, Graphite was first mixed with Sulphuric acid in a reaction vessel. While 
keeping the mixture in an ice water bath, Sodium Nitrate was added. Potassium 
permanganate (KMn04) was then added to the mixture and Graphene Oxide obtained 
from this reaction as the temperature was maintained below 15°C. The water bath was 
removed and the reaction temperature was then increased to 50°C. Hydrogen Peroxide 
was added, followed by several cycles of washing with double deionized water (Dl) until 
the filtrate reached a neutral pH. The concentration of the synthesized GO was 
determined by accurately weighing duplicate aliquots. The aliquots were dried overnight 
in an oven set at 50°C.The aliquots were reweighed and the concentration was expressed 
as the average mass of the duplicate aliquots after drying over average mass before 
drying. This was then followed by NCC/GO composite synthesis. 

The NCC/GO composite was then prepared by dispersing the Graphene Oxide 
synthesized in an ultrasonic water bath treatment as the NCC was added. The resultant 
composite solution was transferred to a petri-dish to allow for slow evaporation of water 
in a controlled dust-free environment and dried in order to obtain the composite film. 



 

2. Determination of the key phase modulator parameters  

The temporal profile and the phase change effected by the GO/NCC Phase modulator 
were determined by connecting it to the signal generator and the output obtained from the 
Digital oscilloscope. 

To determine the Insertion Loss, the RF Signal generator was connected to the Graphene 
Oxide/Nanocrystalline Cellulose phase modulator material and the output connected to 
the spectrum analyzer. The power input (Pin) and power output from the modulator (Pout) 
was obtained from the spectrum analyzer as the voltage and frequency were varied. 

The extinction ratio was determined by connecting the GO/NCC modulator material to 
the Optical source of the Scientech Optical communication system and the output power 
when the optical source was switched on and off obtained from the network analyzer. 

III. Results and Discussion 

A 3D image of the Graphene Oxide/Nanocrystalline Cellulose sample synthesized was 
obtained by using the Zeiss Axio Zoom.V16 Camera Microscope and the Scanning 
Electron Microscope (SEM). The GO/NCC sample film produced had a thickness of 
49.41μm. When a signal from the signal generator was passed through the sample, a 
phase shift 0.2πᶜ was realized. The temporal profile was obtained from the CRO. 

 

Fig 1: 3D image of the GO/NCC sample film synthesized having a thickness of 49.41μm with rod-like 
protrusions as observed under the Zeiss Axio Zoom.V16 Camera Microscope. 

 



 

                       

Fig 2: SEM IMAGE of (a) GO and (b) NCC. 

 

Fig 3: SEM IMAGE of GO/NCC 

The high number of OH groups on the surface of nanocrystalline cellulose is likely to 
favor hydrogen bonding. In this regard, the hydrogen bonding becomes the binding force 
between a nanocrystalline cellulose film sandwiched between two graphene oxide sheets, 
thereby forming a composite film. The nanocrystalline cellulose forms a thin layer of 
rods (as shown in Fig 1 and Fig 3) in between the graphene oxide monolayers since it 
assumes nematic order in colloidal dispersions occasioned by whisker entanglements. 
The interaction between the chiral surfaces and the twisted morphology of 
nanocrystalline cellulose and the overlaying graphene oxide monolayer provides an 
avenue for response to external applied electric or magnetic fields. 



 

 

Fig 4: Temporal Profile of the GO/NCC modulator exhibiting the phase shift. 

The insertion loss experiment was performed on the GO/NCC as the voltage was varied 
from 0V to 20V and the graph obtained is as shown in Fig. 5. 

 

 

Fig 5: A graph of the GO/NCC modulator Insertion loss with increasing voltage (0 to 20v). 



 

 

Fig 6: A graph of the GO/NCC modulator Insertion loss with increasing voltage (2 to 20V). 

 

The Graphene Oxide structure consists of the sp2 carbons that have a higher 
electronegativity value of carbon, while the sp3 carbons, by virtue of them being hooked 
to oxygen, are devoid of electrons. Hence, they act as holes. Oxygen is more electro-
negative than carbon, therefore, carbon will appear positive. This essentially creates a 
hole within the structure of Graphene Oxide.  

The NCC held in between the Graphene Oxide is presumed to be a perfect insulator. 
However, due to the presence of oxygen groups, it can easily promote coupling. This 
therefore explains the phenomenon that is observed between 0 to 2 V where there is an 
upsurge of the energy consumed due to a higher combination, that is, the electron-
electron and electron-phonon coupling. 

From 2V onwards to 20V, there is a gradual increase in energy consumed since it is now 
majorly driven by the electron – phonon couplings. As a higher voltage is applied, 
variations are observed that is attributed to the changes in the structure of the GO/NCC.  



 

 

Fig 7: Graph of GO/NCC Insertion loss vs frequency. 

Fig. 7 shows the graph of the GO/NCC insertion loss with increasing frequency.  
Initially, the insertion loss increased before significantly decreasing upon increase of 
frequency. This confirms the work done by W. Kim et al. on radio frequency 
characteristics of graphene oxide where the impedance and resistance of graphene sheets 
drastically decrease as frequency increases. Consequently, the insertion loss also 
decreases. This confirms graphene oxide has a high potential for use at gigahertz ranges.  

Normally, a driving voltage of above 5V is not compatible with the microelectronic 
integrated circuits since it is very difficult for CMOS chips to supply such a high voltage 
at a high frequency. Also, a higher voltage (above 5V) results in the widening of the 
noise margin and this is undesirable. Low voltage also means low power consumption 
and less heat dissipation problems. Therefore, at an ideal voltage of 2V, an insertion loss 
of 15.17dB at 25MHz was obtained. 

Further research can be done to lower the GO/NCC Phase modulator Insertion Loss to 
nearly 0dB hence improving its performance. 

An extinction ratio (ER) of 12.22dB was obtained for the GO/NCC modulator. The ER is 
an important metric since it has an impact on a device’s performance. It should be ideally 
larger than 10dB (preferably 10-15dB). As the extinction ratio improves, the Bit-error 
ratio improves, reducing the number of errors and the amount of error correction 
required. A poorer value of ER increases the power penalty and worsens the Bit Error 
Ratio. 

IV. Conclusion 

In conclusion, the GO/NCC Phase Modulator has been characterized using the following 
key parameters: The modulator produced a 0.2π radians phase shift and the temporal 
profile obtained. The 0.2πᶜ modulation index demonstrated by GO/NCC implies that it 
can be used in phase shift keying, specifically, in Off-set quadrature phase-shift keying 



 

modulation where a phase change of not greater than 
π2 radians at a time is required. The 

insertion loss at an ideal voltage of 2V and the extinction ratio was determined to be 
15.17 dB and 12.22 respectively. Ideally, the insertion loss and the extinction ratio should 
generally be lower than a few dB and larger than 10dB respectively for a modulator.  
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Purpose: The study aimed to assess the effect of entrepreneurial leadership on innovation by 

1-3 star rated hotels in Kenya. 

Methodology: This study considered positivism philosophy, quantitative measurement 

paradigm. The study targeted 111 hotels (1-3 star rated) through census, of which 3 

respondents per hotel (CEO, Finance manager and Operations manager) were considered, 

from the hotels’ list provided by the Kenya Tourism Regulatory Authority (TRA). A cross 

sectional survey was conducted where the self-administered questionnaire was used. Both the 

reliability and validity tests were done before the data analysis. The collected data was 

analyzed using descriptive and inferential statistics with the help of Excel and SPSS version 

25.0. The hypotheses were presented and tested using multiple analysis and accepted at 95 

percent confidence level. 

Results: The findings revealed that entrepreneurial leadership and hotel innovation are 

positively and statistically related (β=0.669, p=0.000). This led to the rejection of the null 

hypothesis that; the effect of entrepreneurial leadership on innovation by 1-3 star rated hotels 

in Kenya is not statistically significant. The study concludes that hotel leadership plays a 

critical role in fostering hotel innovation. In this respect, the leadership offers hotel 

employees opportunity for learning new things; ensures employees attain the necessary skills 

and tools to perform their jobs; encourages employees to make mistakes and learn from the 

mistakes; is focused and guided towards the overall organizational goals; encourages 

teamwork among the employees in order to boost on their brainstorming abilities; empowers 

the employees through career development and provides protection of the employees’ 
innovations.  

Unique contribution to theory, policy and practice: Based on the study findings, the study 

also recommends leaders be involved in enhancing staff capacity, and this would mean Hand 

holding of staff to upscale them in knowledge. Likewise, staff members need to be allowed 

and encouraged into free sharing of knowledge among themselves. The study also 

recommends interdepartmental transfers meaning better understanding of the business. 

 



Firm Characteristics and Corporate Value of Non-Financial Firms Listed in the Nairobi 

Securities Exchange, Kenya: A Review of the Literature 

Anthony Muema Musyimi, Dr. James Gatauwa and Dr. Caroline Kimutai 

Kenyatta University, School of Business. Economics and Tourism 

Nairobi, Kenya. 

Email:antumusyi@gmail.com 

Mobile Number:0724358690 

Abstract  

Corporate value creation and profit maximization are among the key objectives of every firm. 

Corporate value creation focuses more on long-term sustainability of returns and not just 

profitability. There has been a key debate on whether firm characteristics play a very important 

role in general performance of a firm and corporate value creation. Therefore, there has been 

need to evaluate the interrelationship between firm characteristics and corporate value of firms 

while considering the influence of the firm size. Hence, this paper analyses these 

interrelationships using a theoretical approach. The Modigliani and miller theory and trade off 

theory, underpin the direct and indirect relationships examined in this paper while also reviewing 

empirical literature. There are mixed findings on the link between firm characteristics and 

corporate value whereby some researchers support a positive relationship, others negative others 

no relationship. Nevertheless, firm size factor has generally been found to have a moderating 

influence on the link between firm characteristics and corporate value among non- financial 

companies listed at NSE, Kenya. 

KEYWORDS: Corporate value, firm characteristics, on-Financial Firms, NSE. 
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ABSTRACT 

Internationalization has grown to be an important force in shaping the higher education sector 

because it is the deliberate process of integrating an international, intercultural or global dimension 

into the purpose, functions and delivery of post-secondary education.  The current scenario in 

Kenya universities depicts a picture of a low status of internationalization.  This is evidenced by 

the perennial low regional and global rankings.   Organizational capabilities have an impact on the 

growth and implementation of an organization’s strategy on internationalization. Thus, this study 

sought to analyze the influence of organizational capabilities (managerial, knowledge 

management, technological capabilities and financial) on internationalization status in public 

universities in Kenya as well as the moderating effect of government legislation on the influence 

of organizational capabilities on internationalization status in universities in Kenya. The study was 

hinged on five theories namely, Resource Based View, Dynamic Capability, Knowledge Based 

View, Task Technology Fit and the Internationalization Theory.  The main study was conducted 

by use of a census survey covering all the 31 public chartered universities in Kenya and employed 

a descriptive research design.   The respondents in each institution comprised of the Registrars of 

Academic Affairs and Administration, Directors of Research, ICT and International Programmes 

and Linkages, the Managers of Finance, Human Resources and Public Relations Officer. The study 

utilized primary data which was assembled by administering 248 structured questionnaires.  

Descriptive analysis, factor analysis and inferential statistics (correlation and regression) were 

used. Correlation results showed that managerial capability, knowledge management capability, 

technological capability and financial capability had a significant and positive influence on 

internationalization status of public universities.  Regression results showed that organizational 

capabilities have a statistically significant effect on internationalization status. Findings further 

showed that government legislation moderated the influence of organizational capabilities on 

internationalization status in public universities in Kenya.  The study concluded that organizational 

capabilities (managerial, knowledge management, technological, financial) had a significant and 

positive influence on internationalization status.  The study recommends that it is important for 

policy makers in public universities to develop robust and dedicated organizational capabilities 

because they lead to growth and expansion of organizations internationally and subsequently 

improve the firm’s performance.   

 

Key Words: Internationalization status, organizational capabilities, managerial capabilities, 

knowledge management capabilities, technological capabilities and financial capabilities 
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ABSTRACT  

The companies listed at the NSE face challenging times with reduced profit margins, like drop in 

equity, declining return on assets and return on equity and increased administrative costs. The 

adoption of sustainability practices with elements of social, economic, environment, technological, 

empowerment of all staff and strategic planning might change the poor financial performance 

trends. This study investigated on corporate sustainability practices and performance of firms 

whose shares are traded on the NSE. Study objectives covered; examining the effect of social, 

economic and environmental sustainability on financial performance of firms whose shares trade 

publicly on NSE. The study was anchored on agency theory, stakeholder theory and legitimacy 

theory. Descriptive research design was employed in the study and the target population was finance 

managers working in the 56 firms listed at the NSE and a census sampling was applied, such that 

the sample size was 56 respondents. Primary data was collected through a drop and pick later 

method. Descriptive statistical analysis was undertaken using mean, frequencies percentages and 

standard deviation. Inferential statistics were also conducted through ordinary least square model. 

The study established that social, economic and environmental sustainability had significant effect 

on performance outcomes. Corporate sustainability practices therefore had significant effect on 

financial performance. In recommendations, stakeholder engagement managers and the public 

relation managers should invest more resources in CSR activities to the community.  ICT managers 

of the respective listed firms should carry out regular maintenance of the existing technologies to 

be utilized in cutting down costs of operation.  Senior management team of the listed firms in Kenya 

should adopt solar technologies to safeguard the environment.  

Key Words: Social Sustainability, Economic Sustainability, Environmental Sustainability, 

Financial Performance
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This  paper  reports  findings  of  a  study   conducted   to establish    the  effects  of   
perceived  barriers   towards  adoption  of digitalized   marketing operations  tactics   by  
chain  supermarkets  in Kenya  .Perceived   barriers in this case was  evaluated   a key  driver  
towards  adoption  of  digitalized  marketing  operations tactics   by  chain supermarkets .Low 
adoption of digitization of marketing and sales operations in Kenya retail sector have been 
experienced and hence presenting some gaps which this sought to specifically address.  The 
study   hypothesized   that, the relationship between perceived barriers and the adoption of 
digitalized marketing operations tactics by chain supermarkets in Kenya is not statistically 
significant.The objective of this study was to evaluate the effects of perceived barriers and 
the adoption of digitalized marketing operations tactics by chain supermarkets in Kenya. The 
study was anchored on the technology acceptance model TAM . To prove the hypothesis 
empirically   the research study considered the positivism research philosophy and adopted a 
descriptive research design. The target population of the study was 180 retail chain 
supermarkets stores in Kenya and all the 180 retail chain supermarkets were included in the 
sample. The research instruments of the study were semi-structured questionnaire 
administered to all the 180 Operations Managers by use of google surveys and/or drop and 
pick method. The quantitative information was analyzed by the help of SPSS program 
(v.25.0) and Excel.The findings were presented in form of averages, standard deviations, 
counts and percentages by use of tables. The findings revealed that, perceived barriers that is 
technology affordability, performance risk to customers an staff, security risks to customers 
and business, and complexity to the business ����� �±0.012, p=0.005) has a negative and 
significant relationship with the adoption of digitalized marketing operations tactics by chain 
supermarkets in Kenya. This implies that reduction in the aspects related to perceived barriers 
improves the adoption of digitalized marketing operations tactics by chain supermarkets in 
Kenya. From the findings, the study recommends that since the study found that perceived 
barriers had a negative effect on the adoption of digitalized marketing operations tactics, the 
chain supermarkets in Kenya to innovate technologies that are free of the possible barriers 
that can impact on customer convenience. For instance, systems that are free of downtimes, 
less to hacking and which pose less security concerns of the customers�¶ data. Likewise, the 
technologies need to be cost-effective to match the qualities of the technological innovation. 

 

 



INTRODUCTION 

Digitalization has profoundly impacted on the society and business in particular (Darrell, 
Good, Hyman & Grant, (2017). Similar to other societal transformative developments, 
digitalization has prompted new ways of life, changed and replaced the previous ones. 
Consumption, consumer behavior and associated business as the single most crucial aspects 
of contemporary societies have been rapidly altered by the widespread digitalization 
transformation (Rachinger, Rauter, Müller, Vorraber & Schirgi, 2019). Digitalized marketing 
operations include the following: e-commerce-enabled Website, Search Engine Optimization, 
Customer Service E-mail /E-mail marketing (Fariborzi & Zahedifard, 2018), Blogs and social 
media (Facebook, Twitter & Instagram), Mobile Applications (Baktha, 2017), Webinars and 
Online Payment Integration (e.g., M-Pesa, PayPal, PesaPal, iPay etc.) among others (Cheng 
et al., 2017). E-commerce has become a rapidly growing market today. With the proliferation 
of tablets and smartphones, the use of electronic payment methods has grown up to 21% in 
2012. Digitalization as an integration of digital technologies into businesses processes, 
products and operations has attracted significant scholarly interest particularly in the retailing 
business (Rachinger, Rauter, Müller, Vorraber & Schirgi, 2019). According to Pauwels, 
Leeflang, Teerling and Huizingh (2022), although e-commerce is part of digitalization, 
applications of digital technologies by business go beyond e-commerce. The global leaders in 
chain supermarket adoption of digitalized marketing operations by region, constitute a mix of 
both developed and developing countries, but developed countries lead the top half of the list, 
starting with the United States. Both the Gobal e-commerce index (2016) and Deloite (2016) 
place the USA at the top. The ranking was based on the market size of e-commerce in the 
ranked countries. The USA is ranked the world�¶s largest e-commerce market at $238 billion 
(Global e-commerce index, 2016). African countries such as Ghana, South Africa, and Kenya 
among others have appreciated the uptake of mobile banking to a great extent. This service 
has been featured in Zimbabwe in the form of Eco Cash at an increasing rate changing the 
way businesses are operated (Masocha & Dzomonda, 2018). In Kenya, the vast consumer 
base in rural areas still shops at informal outlets, which account for approximately 70% of 
retail shopping. However, compared to other African markets, Kenya formal retail 
penetration rate ranges around ranges from 25% to 30%, (African Consumer and Retail 
Sector Report, (ACRSR, 2016). According to Lubis (2018), the reasons contributing to online 
shopping popularity are the changing lifestyle especially by professionals who little time to 
go shopping in traditional stores. Further, about 13.5 million Kenyans have access to internet 
over mobile phones making them potential users of online shopping platforms. 

In Kenya common pre-requisite for digitalizing shopping experience are largely in place, 
chief among them is consumer who are technology savvy and have access to fast internet 
over their phones. The government policies and legislation such as the new ICT Act which 
has provisions for e-commerce. However, few retail outlets have embraced the digital 
phenomenon. While a number of large chain stores, including former Nakumatt and Niavas 
have ventured online, the sales and marketing operations are only partially digitized 
(RETRAK, 2018). Zafar and Mustafa (2017) sought to find out the contribution of SMEs in 
economic and socio-economic development of Pakistan while Jörling, Böhm and Paluch 
(2019) sought to investigate the drivers of perceived responsibility for service outcomes in 
the adoption of Service robots. Eze, Chinedu-Eze, Okike and Bello (2020) examined critical 
success factors shaping the adoption of digital marketing devices (DMD) by micro-
businesses. However, the study was focused on the adoption of DMD by micro-businesses in 
Nigeria. These studies presented contextual gaps that failed to address the problem of low 
adoption in the retail sector in Kenya. Therefore, premised on the backdrops of the gaps 



presented, the current sought to specifically analyze the effect of perceived barriers as a 
driver of adoption of digitization of marketing and sales operations in Kenya retail sector. 

METHODOLOGY 

The study applied the positivism philosophy where the current study pursued the quantitative 
approach because the unit under observation is quantitative in nature. The study was cross 
sectional in nature adopting a descriptive survey design. A combination of both qualitative 
and quantitative methods was employed in data collection and analysis. By blending the two 
methods the study aimed to harness the inherent advantages associated with each of two 
methods. The method enabled quantification of digitalization of market practices by retail 
chain supermarkets store, and subsequently analyze the relation of perceived barriers and the 
established of digitalization. The target population of the study was 180 retail chain 
supermarkets stores in Kenya. All the 180 retail chain supermarkets were included in the 
sample. However, since the population is small but adequate for study, a census survey was 
used. The research instruments of the study constituted a semi-structured questionnaire. The 
questionnaire had both open-ended questions and closed questions. Before collecting data, 
the researcher sought the approval of the university and then sought permission from the 
relevant authorities, including a research permit from the National Council of Science, 
Technology and Innovation (NACOSTI). The study used qualitative as well as quantitative 
which prior to analysis, was sorted, coded and cleaned to ensure adequacy. Descriptive and 
inferential statistics was used to analyze the data based on the use of the descriptive and 
positivism approach. The quantitative information was analyzed by the help of SPSS program 
(v.25.0) and Excel. 

RESULTS AND DISCUSSIONS 

Total of 180 questionnaires were issued from which 152 were filled and returned which 
represents a response rate of 84%. Majority of the respondents  at 64%  were males, while 
36% of the respondents were females. Majority of the respondents about 52.63% were aged 
between 30 to 40 years, 26.32% were aged between 20 to 30 years, 13.82% were aged over 
50 years and 7.24% were aged between 40 to 50 years. Majority of the respondents about 
59.21% had their tenure of service in the same institution between 6 to 10 years, 21.05% had 
their tenure of service for over ten years, and 19.74% had their tenure of service between 0 to 
6 years. 

The descriptive results showed that 68% of the respondents disagreed that the cost of 
digitalized marketing operations is higher and unmanageable (mean=1.57�§�������6�'� ���������������7�K�H��
results also revealed that 69% of the respondents disagreed that the digitalized marketing 
operations have been cited by their customers to be redundant and unprofessional 
���P�H�D�Q� ���������§������ �6�'� �������������� �7�K�H�� �U�H�V�X�O�W�V���D�O�V�R���L�Q�G�L�F�D�W�H�G���W�K�D�W���P�D�M�R�U�L�W�\���Rf the respondents (75%) 
agreed that the use of the new technological platforms requires huge investments in terms of 
�F�D�S�L�W�D�O���D�Q�G���W�L�P�H�����P�H�D�Q� ���������§�������6�'� �������������� 

The results showed that 82% of the respondents disagreed that digitized marketing operations 
poses security threats to their supermarket chain by exposing their financial system to online 
�K�D�F�N�H�U�V�� ���P�H�D�Q� ���������� �§������ �6�'� �������������� �7�K�H�� �U�H�V�X�O�W�V�� �L�Q�G�L�F�D�W�H�G�� �W�K�D�W�� �������� �R�I�� �W�K�H�� �U�H�V�S�R�Q�G�H�Q�W�V��
disagreed that digitized marketing operations poses security threats to customers�¶ personal 
�L�Q�I�R�U�P�D�W�L�R�Q�����P�H�D�Q� ���������§�������6�'� ���������������7�K�H���U�H�V�X�O�W�V���D�O�V�R���H�[�S�R�V�H�G���W�K�D�W�����������R�I���W�K�H���U�H�V�S�R�Q�G�H�Q�W�V��
disagreed that the new digitized online system is ambiguous to the employees and often 
�F�R�P�S�O�H�[�L�W�\���L�V���D�Q���L�V�V�X�H�����P�H�D�Q� ���������§�������6�'� �������������� 



The results revealed 79% of the respondents disagreed that digitized systems of marketing are 
�F�R�P�S�O�H�[�� �W�R�� �X�V�H�� �E�\�� �F�X�V�W�R�P�H�U�V�� �D�Q�G�� �H�P�S�O�R�\�H�H�� �L�Q�� �R�X�U�� �V�X�S�H�U�P�D�U�N�H�W�� �F�K�D�L�Q�� ���P�H�D�Q� ���������§������
SD=1.43). The results showed that 77% of the respondents disagreed that the new digitized 
systems often �H�[�S�H�U�L�H�Q�F�H���G�R�Z�Q�W�L�P�H�V���Z�L�W�K���W�U�D�Q�V�D�F�W�L�R�Q�D�O���D�Q�G���R�S�H�U�D�W�L�R�Q�D�O���H�U�U�R�U�V�����P�H�D�Q� ���������§������
SD=1.34).  

In conclusion, the average mean of the responses was 4.02 when viewed on a scale of five 
points presenting a standard deviation of 1.12. This means that the majority of the 
respondents indicated that the aspects of perceived barriers in the supermarket chains have 
affected their ability to adopt digitalized marketing operations tactics by chain supermarkets 
in Kenya. The findings agree with De Bellis and Johar (2020) who identified four types of 
psychological barriers affecting consumer adoption of technologies. Seyal, Rahman and Abid 
(2019) likewise, indicated that the perceived barriers of e-businesses are significant factors 
that influence the adoption of digitalized marketing operations. According to Ryu (2018), the 
perceived risk was found to significantly impact Fintech adoption intention. In addition, legal 
risk has the biggest negative effect, whereas convenience has the strongest positive effect on 
Fintech adoption intention. 

Table 1: Descriptive Results for Perceived Barriers 

Indicators 1 2 3 4 5 Mean S D 

The cost of digitalized marketing 
operations is higher and unmanageable 49% 45% 6% 0% 0% 1.57 0.61 

The digitalized marketing operations have 
been cited by our customers to be 
redundant and unprofessional 44% 27% 12% 11% 6% 2.08 1.24 

The use of the new technological platforms 
requires huge investments in terms of 
capital and time 0% 0% 16% 45% 38% 4.22 0.71 

Digitized marketing operations poses 
security threats to our supermarket chain 
by exposing our financial system to online 
hackers. 22% 28% 44% 5% 0% 2.32 0.88 

Digitized marketing operations poses 
security threats to customer personal 
information 44% 22% 22% 12% 0% 2.01 1.07 

The new digitized online system is 
ambiguous to the employees and often 
complexity is an issue 22% 34% 11% 16% 17% 2.74 1.41 

Digitized systems of marketing are 
complex to use by customers and employee 
in our supermarket chain 28% 22% 18% 17% 16% 2.72 1.43 

The new digitized systems often 
experience downtimes with transactional 
and operational errors. 28% 17% 27% 17% 11% 2.67 1.34 



Average      2.54 1.09 

 

The correlation analysis results showed that perceived barriers and the adoption of digitalized 
marketing operations tactics by chain supermarkets in Kenya have a negative and significant 
relationship (r=�±0.353 **, p=0.000). The r value of �±0.353 indicates a value of greater than 0 
which implies that perceived barriers as a linear variable has a negative association with the 
adopt digitalized marketing operations tactics by chain supermarkets in Kenya. The findings 
are consistent with De Bellis and Johar (2020) who identified four types of psychological 
barriers affecting consumer adoption of technologies. Therefore, autonomous technologies 
thus, bring a wide range of societal changes with them (Puntoni et al., 2019) which can pose 
unintended negative consequences, such as technology addiction, diminished sense of 
competence and free will, reduced actual and perceived consumer autonomy, and degradation 
of automated skills (Wertenbroch et al., 2019). According to Ryu (2018), the perceived risk 
was found to significantly impact Fintech adoption intention. In addition, legal risk has the 
biggest negative effect, whereas convenience has the strongest positive effect on Fintech 
adoption intention. 

Table 2 Correlation test of Perceived Barriers 

Perceived Barriers Adoption of Digitalized marketing operations   

Perceived Barriers Pearson Correlation 1 -.353** 

Sig. (2-tailed) 0.000 

Adoption of Digitalized Marketing operations  Pearson Correlation -.353** 1 

Sig. (2-tailed) 0.000 

Regression analysis was also done in the study to identify the relationship between perceived 
barriers and the adoption of digitalized marketing operations tactics by chain supermarkets in 
Kenya. 

 

 

Table 3: Regression between perceived barriers and the adoption of digitalized 
marketing operations tactics by chain supermarkets in Kenya 

Model of fitness 

R R Square 
Adjusted 
R Square Std. Error of the Estimate 

.353a 0.125 0.119 0.206 

 



ANOVA 

Sum of 
Squares df Mean Square F Sig. 

Regression 0.909 1 0.909 21.411 .000b 

Residual 6.365 150 0.042 

Total 7.273 151 

 

Regression of Coefficients 

Unstandardized 
Coefficients 

Standardized 
Coefficients t Sig. 

�� 
Std. 
Error Beta 

(Constant) 4.433 0.086 51.654 0.000 

Perceived Barriers �±0.173 0.037 -0.353 -4.627 0.000 

Y= 4.433 �± 0.173 Perceived Barriers where 

Y= the adoption of digitalized marketing operations tactics by chain supermarkets 

Table 3 presents the fitness of regression used in explaining the study phenomena. Perceived 
barriers are essential in the adoption of digitalized marketing operations tactics by chain 
supermarkets in Kenya. This is evident, as shown by the R square value which is 0. 125. This 
implies that perceived barriers explain 12.5% of the adoption of digitalized marketing 
operations tactics by chain supermarkets in Kenya. 

The model was also statistically significant implying that perceived barriers affect the 
adoption of digitalized marketing operations tactics by chain supermarkets in Kenya. This is 
further supported by the F statistic 21.411 where the value was greater than the critical value 
at 0.05 significance level, F statistic = 21.411 > F critical = 3.909 (1, 150). 

Regression of the coefficients results, revealed that perceived barriers and the adoption of 
digitalized marketing operations tactics by chain supermarkets in Kenya have a negative and 
significant relationship (��=�±0.173, p=0.000). This implies that improvement in 1 unit of the 
aspects related to perceived barriers reduces the adoption of digitalized marketing operations 
tactics by chain supermarkets in Kenya by 0.173 units.  

The findings agree with De Bellis and Johar (2020) who identified four types of 
psychological barriers affecting consumer adoption of technologies. Therefore, autonomous 
technologies thus, bring a wide range of societal changes with them (Puntoni et al., 2019) 
which can pose unintended negative consequences, such as technology addiction, diminished 
sense of competence and free will, reduced actual and perceived consumer autonomy, and 



degradation of automated skills (Wertenbroch et al., 2019). Seyal, Rahman and Abid (2019) 
likewise, indicated that the perceived barriers of e-businesses are significant factors that 
influence the adoption of digitalized marketing operations. According to Ryu (2018), the 
perceived risk was found to significantly impact Fintech adoption intention. In addition, legal 
risk has the biggest negative effect, whereas convenience has the strongest positive effect on 
Fintech adoption intention. 

SUMMARY, CONCLUSION AND RECOMMENDATIONS  

The findings revealed that perceived barriers and the adoption of digitalized marketing 
operations tactics by chain supermarkets in Kenya have a negative and significant 
relationship (



Cheng, Y. W., Hsu, S. Y., & Lo, C. P. (2017). Innovation and imitation: Competition 
between the US and China on third-party payment technology. Journal of Chinese 
Economic and Foreign Trade Studies. 

De Bellis, E., & Johar, G. V. (2020). Autonomous shopping systems: Identifying and 
overcoming barriers to consumer adoption. Journal of Retailing, 96(1), 74-87.   

Eze, S. C., Chinedu-Eze, V. C., & Bello, A. O. (2018). Actors and emerging information, 
communications and technology (EICT) adoption: A study of UK small and medium 
services enterprises. Cogent Business & Management, 5(1), 1480188. 

Eze, S. C., Chinedu-Eze, V. C., Okike, C. K., & Bello, A. O. (2020). Critical factors 
influencing the adoption of digital marketing devices by service-oriented micro-
businesses in Nigeria: A thematic analysis approach. Humanities and Social Sciences 
Communications, 7(1), 1-14. 

Fariborzi, E., & Zahedifard, M. (2018). E-mail Marketing: Advantages, Disadvantages 
andImproving Techniques. International Journal of e-Education, e-Business, e-
Management and e-Learning, 2(3), 232. 

Jörling, M., Böhm, R., & Paluch, S. (2019). Service robots: Drivers of perceived 
responsibility for service outcomes. Journal of Service Research, 22(4), 404-420. 

Lubis, A. N. (2018). Evaluating the customer preferences of online shopping: Demographic 
factors and online shop application issue. Academy of Strategic Management 
Journal, 17(2), 1-13. 

Masocha, R., & Dzomonda, O. (2018). Adoption of mobile money services and the 
performance of small and medium enterprises in Zimbabwe. Academy of Accounting 
and Financial Studies Journal, 22(3), 1-11. 

Pauwels, K., Leeflang, P.S.H., Teerling, M.L. and Huizingh, K.R.E. (2022), 



Seyal, A. H., Rahman, M. N. A., & Abid, A. A. (2019). An investigation of perceived 
benefits and perceived barriers of e-businesses among Bruneian SMEs. Journal of 
Advanced Management Science Vol, 1(2).  

Wertenbroch, K., Schrift, R. Y., Alba, J. W., Barasch, A., Bhattacharjee, A., Giesler, M., ... & 
Zwebner, Y. (2020). Autonomy in consumer choice. Marketing Letters, 31, 429-439. 

Zafar, A., & Mustafa, S. (2017). SMEs and its role in economic and socio-economic 
development of Pakistan. International Journal of Academic Research in Accounting, 
Finance and Management Sciences, 6(4). 

 



�R�W�(����������
�W�§�™���!�Û�§�����™�2�\�W���(�½�Û�™�Ñ�½�ƒ�Û�©�Ã�½�ƒ�·�����Ã�½�¢�™�Ñ�™�½�•�™���Ã�½
�R�•�©�™�½�•�™�&���W�™�•�§�½�Ã�·�Ã�£�õ�&���(�½�½�Ã�î�ƒ�Û�©�Ã�½���y
���½�Û�Ñ�™�Î�Ñ�™�½�™�à�Ñ�Õ�§�©�Î

���0�'�)�0�%�%�4�)�0�'�����%�#�(�0�1�.�1�'�)�%�5���!�0�$���
�0�0�1�8�!�6�)�1�0�5



DESIGN AND IMPLEMENTATION OF EOG ACQUISITION CIRCUIT  

Jane Phoebe Achieng Ogengaa, Waweru Njeria, Joseph Muguroa, Peterson Nyagab, Michael Gichaneb 
aCenter for Robotics and Biomedical Engineering, Dedan Kimathi University of Technology, Private Bag-10143 

Nyeri, Kenya,  
bMechatronic Engineering, Dedan Kimathi University of Technology, Private Bag-10143 Nyeri, Kenya,  

*E-mail: phoebeachiengaj@gmail.com 

Keywords: Electrooculogram, electrodes, neurological disorders 

 

ABSTRACT 

Individuals with serious neurological abnormalities have restricted bodily motions, except for their 
eyes in most cases. This makes the individuals to depend on an assistant. Electromyogram (EMG), 
Electrooculogram (EOG), and other bioelectric signals can be utilized by these individuals to 
interact with the outside world without an assistant. This paper presents a design of an 
Electrooculogram (EOG) signal data acquisition (DAQ) system. Cascaded amplification stages 
and a band pass filter were used. EOG data was successfully acquired using the presented system. 
This can be used to acquire EOG data for different application 

INTRODUCTION  

Communication is crucial for human interaction with society in our daily activities. As the number 
of people with disabilities rises, rehabilitative tools are needed to help these people communicate 
with the outside world. Severe neuromuscular problems make it difficult for sufferers to lead 
fulfill ing lives. It is crucial to find an alternative to voice and hand gestures for communicating if 
you want to improve these people's quality of life. 

The user's behaviors and cognitive processes can be retrieved from the eye, which can be thought 
of as a rich source of information. Several techniques, including scleral search coils[1], 
electrooculography (EOG) [2]�±[6], infrared oculography [7]�±[9] and image-based methods, can 
be used to detect eye movement and blinking. The EOG-based techniques are comparatively more 
practical, economical, and non-invasive. Applications for the EOG signal include estimating 
sleepiness levels to prevent accidents, assisting in communication via a virtual mouse, electric 
power wheelchair, keyboard control, industrial assistance robot, or neuroprostheses, and 
diagnosing eye conditions [10]. 

EOG Signal Processing built on LabVIEW was created by Lydia et al [11]. Electrodes made of 
Ag/AgCl were utilized for signal acquisition. Two channels and four Commands were employed. 
Huang et al. created a system that utilized electro-oculography (EOG) signals to control a 
wheelchair by identifying a specific sort of eye movement (blink)[12]. For EOG acquisition, a 
single vertical channel with three wet electrodes was used. The system's sampling frequency was 
250 Hz. using a differential method, noise from the 50 Hz power line and DC level was eliminated. 
Several features were retrieved, including the peak value of the sub-segment and the blink time. 
The system produced 13 distinct commands. These signals were processed using a thresholding 
method. 

In [13], a combined EOG and EMG circuit for differentiating intentional and unintentional eye 
blinks. For EOG, a threshold was applied on the duration while for EMG the threshold was applied 












