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ABSTRACT: Faroe spp. and Cymbopogon citratus concoctions have continuously been used as 

beverages in absence of coffee or tea leaves in Kenya. This study aimed at characterizing their 

extracts for chemical similarities with processed black coffee and tea leaves. Wet chemistry and 

spectroscopic methods were used to evaluate these similarities. While the physical-chemical 

properties were closely related, the results indicated resemblance in functional groups, matching 

those of polyphenols. The Ultra-Violet (UV) spectra indicated abundance of dienes and 

xanthophyll pigments. Faroe spp. extracts had more antioxidants against 2,2-diphenyl-1-picryl-

hydrazyl (DPPH) radical scavenger. Phytochemicals and amino acids screens of the samples 

closely matched those of black coffee and tea. The order of caffeine content was black coffee 

(398.990±0.000𝑚𝑔/𝐿), black tea (169.110±0.000𝑚𝑔/𝐿), Faroe spp. (116.640±0.000mg/L) 

and Cymbopogon citratus (38.760±0.000𝑚𝑔/𝐿). The same series was observed for total 

alkaloids and flavonoid content. In conclusion, these extracts were found to have a lot of 

similarities with black tea and coffee. 
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INTRODUCTION 

Alongside water, tea and coffee are the most consumed beverages in the World (Elhussein et al., 

2018). This is largely attributable to their wide availability and durability when processed as well 

as their aromatic flavor and health benefits when consumed. They are easy and fast to prepare in 
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a variety of forms. Caffeine is sold and distributed in several forms including brewed and espresso 

coffee, brewed tea, cola soft drink, energy drinks, bakers’ chocolate, cocoa beverage and chocolate 

milk (Gray, 1998; Pray et al., 2014).  

The first people to have reportedly used caffeine were the Chinese in 2373 B.C. who made tea 

using the leaves of Camelia sinesis plant (Bedigian, 2005). Both tea and coffee are agricultural 

products processed from leaves, buds, internodes and berries of plants containing caffeine or 

catechin (Reynertstone, 2005). There are two major kinds of tea; black and green tea both 

containing about 1-5% of caffeine in their dry weight (Bedigian, 2005) depending on type, brand 

and brewing method (Diamantini et al., 2015). Catechin, a Flavan-3-ol is the primary compound 

present in tea leaves (Camelia sinesis & Camelia assamica) (Bohn et al., 2015). The assamica 

variety is richer in catechins whereby the catechins are attached to a mono- or di-glycoside while 

in sinesis the catechin is attached to triglycosides (Harvey, 2012). Volatile compounds such as 

linalool are also found together with catechin (Zhu et al., 2016). There are several forms of 

catechin including Epicatechin (EC), Epigallocatechin (EGC), Epicatechin gallate (ECG), 

Epicallocatechin gallate (EGCG), Catechin (C) and Gallocatechins (GC) (Khan and Mukhtar, 

2018). On the other hand, caffeine is found widely in the leaves, seeds and fruits of numerous plant 

species including coffee and cocoa beans, cola plant, guarana and tea leaves (Gray, 1998). Caffeine 

is an alkaloid belonging to the xanthine family which are naturally stimulative (Tran et al., 2012). 

Caffeine is the most powerful xanthine and is known to increase alertness, reduce sleep and 

increase study concentration (Halson, 2014).  

The health benefits of both catechin and caffeine have been widely studied over years. Green tea 

have polyphenols believed to be excellent free radical scavengers (Martin and Li, 2017). Not only 

are polyphenols anticarcinogenic (Alam et al., 2018) but also anti-mutagenic exerting protective 

effects against cardiovascular ailments (Ahmed et al., 2018). No toxin effects have been proven 

for catechins in animals. Caffeine is a strong stimulant and antidepressor. The recommended 

consumption rate of caffeine is 170mg/day for adults (Dixit et al., 2016) though there is no clear 

evidence of allegations purporting caffeine to be addictive.  

Indigenous African species have not been fully exploited for presence of catechins and caffeine. 

Faroe spp. (Olesesiai) was and continues to be used as a beverage by the Maasai community of 

Kenya. The bark of this plant is dried and ground before boiling together with milk and sugar just 

as it is done for coffee and tea. Its concoction is stimulative in nature. Faroe spp. grows in dryland 

areas and is spatially distributed in Kenya and Tanzania. The bark of these plant is also associated 

with some medicinal properties such as curing stomach aches, tonsils, diarrhea, ulcers and 

snakebites. Cymbopogon citratus (lemongrass) water concoction is used to brew ‘tea’ in the Luo-

Nyanza region of South-Western Kenya. The concoction is also reportedly stimulative and able to 

maintain alertness as well as pervert sleep. Cymbopogon citratus is a perennial grass plant 

distributed worldwide especially in tropical and subtropical regions (Cole, 1993). The shrub is 

affiliated to some medicinal properties such as antiseptic, antifever, anti-dyseptic and anti-

inflammatory effects.  
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This study purposed to examine the presence and quantities of catechin and caffeine in these two 

traditionally used Kenyan beverages which have for long silently substituted coffee and tea 

amongst many Kenyan households; Olesesiai amongst the Maasai and Lemongrass amongst the 

Luo communities of Kenya. 

 

MATERIALS AND METHODS 

 

Design of Experiment 

An independent measures design was followed in evaluating the potential of Faroe spp. and 

Cymbopogon citratus in substituting commercial coffee and tea leaves. Extraction was done by 

maceration using distilled water. All characterization and analysis studies were therefore 

conducted vis a vis processed black coffee and tea leaves as controls. All the samples underwent 

similar experimental treatments in similar conditions. The samples were characterized for 

physical-chemical parameters including pH, conductivity, volatile solids as well as volatile fatty 

acids and dissolved oxygen. Thereafter, the samples were screened for functional groups and 

conjugation using IR and UV-VIS spectroscopy respectively. Antioxidant levels were analyzed by 

UV spectroscopy using DPPH radical scavenger. Phytochemicals and amino acids were screened 

by wet chemistry methods. Quantitative analysis was thereafter conducted for total caffeine, total 

flavonoid and total alkaloids composition by titrimetric and gravimetric methods. Extraction, 

characterization and analysis was done at Maasai mara university, Kenya chemistry laboratory. 

UV-VIS analysis was conducted at Multimedia university of Kenya, Nairobi, Kenya. 

 

Materials 

Chemicals 

All chemicals used were lab grade except for analytical grade reagents which are hereby specified. 

All chemicals were sourced from Sigma-Aldrich. 

Sodium hydroxide pellets, methyl red indicator, ethyl acetate, ferric chloride, vanillin, 

hydrochloric acid, nitric acid, sulfuric acid, olive oil, ammonia solution, chloroform, Fehling’s 

solution, ethanol, n-hexane, Mayer’s reagent, acetic anhydride, α-naphthol, Molisch reagent, acetic 

acid, antifoaming agent, potassium iodide, silver nitrate, sodium nitrite, lead acetate, calcium 

hypochlorite, Millons reagent, bromine water, suphanillic acid, calcium sulfate, iodine solution, 

sodium thiosulfate and starch solution. 

The analytical reagents used include; 

Potassium bromide, methanol and 2,2-diphenyl-1-picrylhydrazyl (DPPH).  

Equipment 

Fourier transform infra-red (Shimadzu), pH meter (Hanna G-114), Ultraviolet visible spectrometer 

(Shimadzu 1800) 
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Methods 

Characterization of samples 

pH, electrical conductivity and dissolved oxygen 

pH, electrical conductivity and dissolved oxygen were conducted using a pH meter, conductivity 

meter and oxygen meter respectively. 

Volatile Solids 

10.000 g of sample was weighed, M1 using an Analytical balance and then placed in an oven 

conditioned at 5400C for 1 hour before removing, cooling (in a desiccator) and reweighing. The 

new mass was recorded as M2.  

%𝑉𝑆 =
M2

M1
× 100%  

Volatile fatty acids 

A raw sample was distilled in water (1:1) and the distillate titrated against standard 0.1N NaOH 

solution up to pH 8.3. The volume of sample solution used was used to determine the concentration 

of VFAs in the sample. 

 

IR Functional Groups analysis 

The extracts will then be heated slowly at 600C until all the water was dried. The samples were 

then cast into pellets using KBr pellet before analyzing for functional groups using IR 

Spectrometer. 

 

Absorption bands Analysis 

Extracts were diluted serially using distilled water until a clear spectrum could be seen on the UV-

VIS monitor. A scan was then run between 190-900nm wavelength.  

 

Antioxidant analysis 

2,2-Diphenyl-1-picryl hydrazyl (DPPH) solution in methanol (6 x 10-5 M) was prepared. 3ml of 

this solution with 100 microliters of methanolic solutions of samples were mixed. The samples 

were then incubated in a water bath at 370C for 20 minutes. The absorbance at 515nm was 

measured.  

Test for Amino acids 

a) Lead sulphide test 

The sample solution was boiled in 1ml sodium hydroxide solution for about 5 minutes. 

3.0g of lead acetate was then added to the mixture. Formation of a black precipitate 

indicated presence of amino acids. 

b) Sakaguchi test 

α-naphthol was added to 10ml of the sample in an alkaline medium followed by calcium 

hypochlorite solution. Formation of a red color signified positive results. 

c) Millons test 
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Onto the test sample, Millons reagent was added and change in color to red indicated 

presence of amino acids. 

d) Histidine test 

Bromine water was added to the test sample in an acidic medium followed by excess 

ammonia solution and heated. Formation of a blue or violet color indicated presence of 

amino acids. 

e) Pauly Diazo test 

Suphanillic acid dissolved in hydrochloric acid and added onto the test sample.  Sodium 

nitrite solution was thereafter added followed by excess ammonia solution. Change in color 

to red signified presence of amino acids. 

f) Xanthoproteic acid test 

Concentrated nitric acid was added to the test sample to form a yellow mixture. Onto the 

mixture, excess dilute sodium hydroxide solution was added and color change to orange 

monitored. This was the confirmatory test for presence of amino acids. 

Extraction and quantification of caffeine levels in the test samples 

Extraction 

Caffeine was extracted by solvent extraction method using chloroform. 5.0g of the test sample 

powder were dissolved in 100.0ml distilled water and 3.0g of sodium carbonate powder added to 

increase the solubility of caffeine in the samples. The mixture was boiled for about 30 minutes in 

a water bath before leaving to cool at room temperature. 

A separating funnel was well rinsed with chloroform before adding the mixture above followed by 

10.0ml of chloroform solution. The mixture was gradually swirled and allowed to separate out. 

The lower layer was taken and this process was repeated three more times to maximize on 

extraction process. The chloroform mixture was put into a beaker previously rinsed with 

chloroform and calcium sulfate added to separate out any water particles. The mixture was shaken 

well to form a fluffy, cloudy effect before filtering out the calcium sulfate added. The filtrate was 

then heated in a water bath at about 600C for 20 minutes to evaporate out chloroform. 

Quantification by Iodometric back-titration method 

The iodometric back titration method used have been reported to be 97% efficient in caffeine 

analysis. Iodometric back titration using standard starch solution indicator was used. 

15.0ml of the test samples above were mixed with 10.0ml of concentrated sulfuric acid in a conical 

flask and shaken thoroughly. 25.0ml of standardized iodine solution was then added to the mixture 

and swirled gently to form a red precipitate. The mixture was filtered twice and titrated against 

0.15M sodium thiosulfate solution. 0.5ml of standard (0.2%) starch solution was added onto the 

titrand when it became brown in color and titration process proceeded until the mixture changed 

to dark blue.   
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Phytochemical screening 

Test for polyphenols 

3ml of aqueous ferric chloride solution was added to 10ml of the sample solutions, shaken and 

observations made. Formation of green coloration indicated presence of phenols. 

Test for flavonoids 

Onto the test samples, 2g of vanillin powder was added and the mixture agitated in an acidic 

medium.  

The procedure was confirmed by adding 3ml of dilute ammonia solution to 2ml of aqueous filtrate 

followed by 1ml of concentrated sulfuric acid. Formation of yellow deposits confirmed presence 

of flavonoids. 

Test for Tannins 

About 0.1g of the dry samples were boiled in 4ml distilled water in a boiling tube then filtered. A 

few drops of 0.1% ferric chloride solution were then added and observations of change in color to 

brownish-green made. 

Test for phlabotannins 

Onto 10ml sample solution, 3ml of 1% aqueous HCl acid was added and the mixture boiled. 

Deposition of a red precipitate symbolized presence of phlabotannins. 

Test for saponins 

The sample was added to 3ml distilled water and vigorously agitated until a stable, persistent froth 

formed. 3 drops of olive oil were then added and shaken vigorously. Presence of emulsion 

indicated positive results. 

Test for terpenoids (Salkowski’s test) 

About 3ml of the samples were mixed with 1 ml of chloroform and 1ml of concentrated sulfuric 

acid. Formation of intense red-brown color indicated presence of terpenoids. 

Test for reducing sugars (Fehling’s test) 

About 0.2g of the sample in 1ml of ethanol was added to 3ml of distilled water and mixed. 1ml of 

Fehling’s solution was thereafter added and heated to boiling then poured into the aqueous 

ethanolic sample extract. Change in color to red indicates presence of reducing sugars. 

Test for alkaloids (Mayer’s test) 

About 3ml of ammonia solution was added onto the sample followed by 10ml of chloroform. The 

mixture was shaken well then filtered. The chloroform layer was then evaporated off and 3ml of 

Mayer’s solution added to the remaining solution. Formation of a cream precipitate indicated 

positive test for alkaloids. 
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Test for anthraquinones 

About 2ml of the sample was boiled in a similar volume of concentrated sulfuric acid. 3ml of 

chloroform was then added to the mixture and the chloroform layer pipetted out into another test 

tube containing 1ml of dilute ammonia solution (1:1). Change in color indicated presence of 

anthraquinones. 

Test for steroids 

The sample solution was dissolved in 10ml of chloroform followed by 3ml of concentrated sulfuric 

acid. Formation of red precipitates indicated presence of steroids. 

Test for carbohydrates 

About 2 drops of α-naphthol solution was added to the sample followed by concentrated sulfuric 

acid and Molisch reagent. Formation of a violet color indicated presence of carbohydrates. 

Test for glycosides 

Onto 5ml of the sample solution, 2ml of glacial acetic acid, 1 drop of 5% ferric chloride and 

concentrated sulfuric acid was added. Formation of a brown ring indicated presence of glycosides. 

Quantitative test for crucial beverage phytochemicals 

Total Alkaloids 

This method is according to Harborne, 1973. 

2.5g of the samples were added onto 200ml of 10% acetic acid in ethanol solution. The mixture 

was allowed to stand for 5 hours before transferring to a round bottomed flask and gradually 

concentrating it to about 50ml. The mixture was thereafter filtered then about 10ml of concentrated 

ammonia solution was added to form a precipitate. The mixture was allowed to sediment and the 

supernatant discarded. The precipitate was washed with about 20ml of 0.1M ammonia solution 

and filtered. The residue was dried in an oven for about 1 hour and reweighed again. 

% alkaloids = residue mass/ weight of sample x 100 

Total Flavonoids 

This method is according to Close and Mc Author, 2002. 

3g of the sample was added 50ml distilled water, 2ml of hydrochloric acid and 3ml ethyl acetate 

solution. The mixture was boiled for about 30 minutes then allowed to cool and filtered using 

Whatman filter paper (# 42). About 10ml of ethyl acetate extract was recovered while the aqueous 

layer was discarded. The mass of an empty filter paper was taken and the filter paper used to filter 

the ethyl acetate layer. The residue was then dried in an oven for about 1 hour at 600C before 

cooling and reweighing again.  
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Statistical Analysis 

Several statistical tools including the average, median, standard deviation and variance were used 

during the research. Correlation analysis and f-tests were also used to prove whether values were 

of similar populations. A 95% confidence level and n=11 degrees of freedom were maintained. 

The data was analyzed using Ms Excel and Originlab (version 6.5) statistical packages. 

 

RESULTS AND DISCUSSIONS 
 

Physical-chemical and bio-chemical characterization  

The average pH values of coffee (4.560±0.220) was found to be quite lower than that of tea leaves 

(6.500±1.003). Most of the sample pH values were in tandem with those of the commercial coffee 

and largely deviated from the tea leaves properties. The pH of beverages is controlled by quantity 

of volatile acids present. There are very many volatile compounds in tea and coffee grains with 

tannins and polyphenols forming the most common ones (Bizuayehu, 2016). Polyphenols are 

slightly basic owing to presence of hydroxide ions thus tend to increase the pH values. Tea leaves 

have abundant polyphenols thus had the highest pH values. The Faroe spp. sample indicated the 

lowest pH values of 3.930±0.956 citing more concentrations of volatile acids or amino acids. 

Table 1 below summarizes the physical-chemical properties of the samples analyzed against 

commercial coffee and tea leaves.  

Table 1: Physical-chemical and bio-chemical properties of samples analyzed 

Samples Parameters 

pH Conductivity 

(mS) 

Dissolved 

oxygen (%) 

Volatile solids 

(g/L) 

Volatile fatty 

acids (mg/L) 

Coffee 4.560±0.220 0.315±0.894 7.721±0.217 19.802±0.231 1.101±0.164 

Tea leaves 6.500±1.003 0.548±0.669 7.303±0.984 21.120±0.456 1.212±0.133 

Faroe spp. 3.930±0.956 0.603±0.982 9.606±0.165 18.899±1.120 1.498±0.121 

Cymbopogon 

citratus 
5.880±1.010 0.101±0.124 5.882±0.445 13.650±0.998 0.456±0.909 

 

All electrical conductivity values were significantly similar except for the Cymbopogon citratus 

sample (p ≥ 0.05, n = 11). Conductivity of plant extracts is a function of solubility and total solids, 

more so the more ionic ones (Pardo et al., 2016). Singh, 2016 found out that the conductivity of 

coffee solutions is dependent on many other physical-chemical parameters, temperature being the 

key factor. Beverages are known to inhibit appreciable concentrations of minerals including 

potassium and fluoride ions which directly increase conductivity (Derman et al., 2011). Faroe spp. 

sample recorded the highest conductivity values (0.603±0.982𝑚𝑆) citing more abundance in 

these compounds. The dissolved oxygen content of beverages has been proven to be dependent on 

the precursor oxidation processes done (Nemecz, 2005). Most of the caffeine and tea leaves are 

products of oxidation (Nemecz, 2005). Oxidation occur during growth, after plucking during 

withering and during processing (Pluskal, 2018). The amount of dissolved oxygen in samples is 
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crucial in several metabolic processes common to tea and coffee (Nemecz, 2005). The volatile 

solids content of Faroe spp. (18.899±1.120𝑔/𝐿) was found to be significantly belong to the same 

population as that of the two controls (processed black coffee and black tea leaves). However, 

Cymbopogon citratus was found to have outlier volatile solids (13.650±0.998𝑔/𝐿) (p ≥ 0.05, n = 

11). Various tea and coffee samples from different backgrounds have been proven to have adequate 

volatile compounds (Baqueta et al., 2019). Most of the volatile matter in tea and coffee are acidic 

(Bizuayehu, 2016). Processed tea leaves can have up to 30% volatile matter per dry weight sample 

(Oellermann, 1964). The overall volatile fatty acids in the samples thus increase with increment in 

volatile matter. Faroe spp. extracts were found to have more volatile fatty acid concentration 

(1.498±0.121𝑚𝑔/𝐿) compared to both coffee (1.101±0.164𝑚𝑔/𝐿) and tea leaves 

(1.212±0.133𝑚𝑔/𝐿) citing presence of more organic acids. (Xiong et al., 2014) found out that 

the average volatile acids in coffee was between 0.5-1.0% while (Amarowicz et al., 2009) showed 

that most tea leaves had about 1% organic acids concentration. The volatile acids concentration of 

both test samples (Faroe spp. and Cymbopogon citratus) were way below these values. 

Functional group analysis 

There were high levels of similarity on the spectra of Cymbopogon citratus and processed black 

tea leaves just as was the case with Faroe spp. and processed black coffee. All four spectra had 

identical peaks after 3500cm-1 and before 1000cm-1 with concise trends in peaks in between the 

two regions. Figure 1 below illustrates the FTIR spectra of these samples. 

 

 

Figure 1; The functional group peaks of the test samples 

Black tea and black coffee are all known to contain multiple compounds, both organic and 

inorganic which largely influenced the spectra in figure 1 above. All samples exhibited broad peaks 

after 2700cm-1 citing presence of O-HRCOOH and consequently weak carboxylic acids. These 

findings are further justified by C-OHstretch peaks at 1035cm-1 though the C=Ostretch peaks at 1680-

1720cm-1 were suppressed by a descending peak towards the fingerprint region. Tea and coffee are 

all known to contain varying amounts of organic acids (Christian and Brent, 2001). The region 

after 2700cm-1 was characterized by multiple spectra indicating abundance of alcohols (rift at 
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3300cm-1), amines (narrow rifts at 3500cm-1), alkenes and olefins (sp2 C-H shifts at 3200cm-1) and 

alkyne compounds (sp C-H shifts at 3500cm-1). This translates to abundance of conjugation in 

compounds present as well as myriad of organic compounds. The fingerprint region further 

justified these claims with numerous peaks in the region. For Faroe spp. and processed black 

coffee, the region between 1400-900cm-1 was vibrant with peaks indicating presence of double 

bonds and mixed isomers in the compounds (Suhm and Kollipost, 2013). Yuan et al., 2018; 

indicated that the FTIR spectra of pure catechins and their products had a lot of activity in this 

region. Presence of narrow peaks between 700-500cm-1 indicated presence of organohalides, 

organometallic and ligands in the compounds (Kubis et al., 2016). These peaks were more 

pronounced in the Faroe spp. spectra. 

Conjugation analysis of the samples 

The abundance of multiple double bonds in FTIR analysis were further confirmed in the UV-VIS 

scans of the samples. Figure 2 below illustrates UV VIS spectra of the test samples analyzed 

between 200 and 800nm. 

  

Figure 2; UV VIS spectra of the beverage samples 

Faroe spp. and processed black tea leaves had the most conjugation with 3 peaks for each of the 

two. All samples except Cymbopogon citratus had sharp peaks at around 400nm. Several 

chromophores that have been found to absorb at this wavelength including ligands (such as 

sulphates, sulphites), dienes and other complex ions (Kumari et al., 2010). Processed tea and coffee 

are products of several organic and inorganic compounds containing this ligands, complexes and 

dienes (Jeszka-Skowron et al., 2015). (Ye et al., 2017) found similar UV scans when analyzing 

the conjugation of various types of tea, i.e green, black, white, oolong and pu-uerh tea. Similar UV 

scans were also found by (Hong et al., 2017) for processed black coffee. Faroe spp. and processed 

black coffee also indicated mild peaks at around 600nm. Carotenoids and xanthophyll pigments 

are crucial ingredients of tea and coffee known to absorb UV radiations at this wavelength 

(Hazarinka and Mahanta, 1983). Cymbopogon citratus UV spectra was quite inactive citing less 

conjugation compared to the other samples.  
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Antioxidant analysis 

The antioxidant behavior of the test samples was found to vary as analyzed using DPPH 

antioxidant radical. Though a quantitative analysis was not done, Faroe spp. sample had the 

highest inhibition of the radicals, judging from the peak heights. The UV spectra of the test samples 

are given in figure 3 below. 

 

Figure 3; UV-VIS spectra for antioxidant analysis of the beverage samples 

The inhibition rates of antioxidant according to peak heights were in the order of Faroe spp., 

processed black tea, processed black coffee and Cymbopogon citratus extracts. The findings are 

however contrary to those of (Elsalamouny et al., 2009) who found out that black coffee contains 

more antioxidants than processed black tea. This is because processed black coffee has about twice 

the number of polyphenol compounds as found in black tea (Louwrens et al., 2009). Processed tea 

leaves have appreciable loads of antioxidant compounds such as catechins and theaflavins. 

Actually, all flavonoid groups present in tea and coffee are antioxidants (Nikoo et al., 2018). 

(Klempner and Bubly, 2012) confirmed that most phenolic groups present in tea and coffee have 

antioxidant potential. Carotenoid and xanthophyll pigments observed in the UV spectra of Faroe 

spp. and processed black tea are also rich sources of antioxidants (Verhoeven et al., 2005; Havaux 

and Kloppstech, 2001).  

Analysis of amino acids  

Several tests conducted revealed abundance of amino groups in the test samples. These findings 

are summarized in table 2 below. 
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Table 2:  Characterization of amino acids in the beverage samples 

Amino acid test Samples 

Tea Coffee Faroe spp. Cymbopogon 

citratus 

Lead sulphide test - - ++ - 

Sakaguchi test ++ ++ - ++ 

Millons test + + + + 

Histidine test - - - - 

Pauly Diazo test ++ ++ ++ ++ 

Xanthoproteic acid test + ++ ++ + 

 

Faroe spp. samples tested positive for lead sulphide test used to test for sulfur containing amino 

acids such as cysteine and cystine (Yablokov et al., 2009). All the other samples tested negative 

but instead were found to have monosubstituted guanidine compounds such as aginine. This was 

according to Sakaguchi test. These amino acids are heavily laden with nitrogen (Kijima and Ueno, 

1986). Bernd et al., (2000); reports that guanine and adenine result during processing of caffeine 

at elevated temperatures. The Sakaguchi test is thus a good indicator for presence of caffeine in 

the samples. All samples showed traces of tyrosine compounds as seen in Millons test. Tyrosine 

is a phenolic based amino acid thus expected to be present in coffee and tea beverages (Comert 

and Gokmen, 2017). Histidine was found absent in all the test samples. Pauly diazo test signified 

high abundance of aromatic tryptophan in all the samples. These findings were confirmed by 

xanthoproteic acid test which also portrayed traces of phenylalanine and tyrosine. Processed black 

coffee and Faroe spp. samples had more concentrations of these amino acids. Both phenylalanine 

and tyrosine have been found present in many types of coffee and tea (Cathie et al., 2017).  

Caffeine concentration analysis 

All samples tested appeared to have appreciable levels of caffeine except Cymbopogon citratus 

extracts. These findings are illustrated in figure 4 below. 

 

 

Figure 4; Average caffeine levels in the beverage samples analyzed 
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Both Faroe spp. sample had adequate caffeine levels to fit as a commercial source of caffeine. The 

hot report: hot beverages, 2014; indicates that the average caffeine levels for processed black tea 

is 20-60mg per cup. This translates to 100-240mg/L. Thus, Faroe spp. had 116.640±0.000mg/L 

making it a prime substitute of black tea in rural domestic households. Combrink et al., 2011; also 

confirms that most commercial beverage brands produce black tea with caffeine levels between 

80-300mg/L. This sample had similar caffeine content to oolong tea and more caffeine content 

than green tea and white tea (Boros et al., 2016). These findings justify the common use of these 

extracts in local households as an alternative to tea and coffee. Cymbopogon citratus extracts were 

however quite low in caffeine levels (38.760±0.000𝑚𝑔/𝐿) and actually significantly outlying to 

the population as far as caffeine content was concerned (p ≥ 0.05, n = 11). It was normal for 

processed black coffee to have 3-4 more caffeine levels compared to black tea (Nawrot et al., 2003; 

Choi and Curhan, 2007).  

Phytochemical and carbohydrates analysis  

The beverage samples were found to contain most of the crucial phytochemicals present in 

processed tea and coffee. Faroe spp. sample had identical phytochemical compounds compared to 

processed tea and coffee, while Cymbopogon citratus exhibited traces of most of the 

phytochemicals. All samples tested positive for polyphenols. Current literature in mass 

spectrometry, 2009; reports that tea can harbor up to 40% of polyphenols in its total composition 

by dry weight. Most of the phytochemicals present in tea and coffee are polyphenols (Karas et al., 

2017). Fukushima et al., 2009; found out that the total polyphenols in coffee and tea amongst 

consumers was 200 and 96mg/100ml of sample respectively. Tannins and flavonoids, both subsets 

of polyphenolic compounds were also found present in the samples. These samples are common 

in majority of tea and beverage types. Table 3 below illustrates the registry of phytochemicals and 

carbohydrates in these beverage samples. 

Table 3: Phytochemical and carbohydrate characterization in the beverage samples 

Test Samples 

Coffee Tea Faroe spp. Cymbopogon 

citratus 

Polyphenols ++ ++ + ++ 

Flavonoids ++ ++ ++ + 

Tannins ++ ++ ++ ++ 

Phlobatannins - - + - 

Terpenoids - - - - 

Alkaloids ++ + + + 

Saponins + + + - 

Anthraquinones ++ + ++ - 

Glycosides ++ ++ ++ + 

Carbohydrates ++ ++ + + 

Reducing sugars + ++ + - 

Steroids + + + - 
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Presence of tannins and flavonoids in Faroe spp. and Cymbopogon citratus extracts indicated that 

these samples indeed had beverage potential. Various forms of flavonoids, alongside caffeine; 

have been reported as the key ingredients in categorizing extracts as being tea, coffee, cocoa or 

non-beverages. Tea is known to contain important flavonoids such as catechin and 

epigallocatechin (Alhafez et al., 2014). Only Faroe spp. sample tested positive for phlobatannins 

while no sample had detectable terpenoids. Alkaloids were found present in all the test samples. 

Gad et al., 2013; reported that tea samples analyzed had adequate alkaloids with trace amounts of 

saponins. Alkaloids are crucial beverage requirements since caffeine and amino acids are all 

alkaloids. The coffee sample had more alkaloids since coffee is known to have more caffeine 

content compared to tea (Oba et al., 2010). Both coffee and Faroe spp. had appreciable 

anthraquinones while tea leaves had traces of this compounds. Cymbopogon citratus extracts 

lacked these phytochemicals. Wang et al., 2016; reports that most types of tea have 

anthraquinones. Anthraquinones are also subsets of polyphenols, abundant in coffee and tea 

samples (Renouf et al., 2014). All samples tested positive for presence of glycosides. Soluble 

glycosides have been reported to constitute of up to 3% by weight of black tea samples (Vrba, 

1985). IARC Working Group on the Evaluation of Carcinogenic Risk to Humans. Coffee, Tea, 

Mate, Methylxanthines and Methylglyoxal. Lyon (FR): International Agency for Research on 

Cancer; 1991; analyzed glycosides to constitute 0.2-1.2mg/cup of black coffee. All samples had 

carbohydrates in significant amounts except for the Cymbopogon citratus extract which only 

showed traces of the compound. Chen, 2006; analyzed different carbohydrate types in both tea and 

coffee but found no significant differences in their concentrations. However, from this study, black 

tea samples indicated more reducing sugars present compared to coffee. Faroe spp. and 

Cymbopogon citratus also showed traces of reducing sugars. All samples except Cymbopogon 

citratus indicated traces of steroids.  

Quantitative analysis of alkaloids and flavonoids  

All samples were found to contain significant beverage samples. The average concentrations of 

total alkaloids and total flavonoids are summarized in table 4 below. 

Table 4: Concentrations alkaloids and flavonoids in beverage samples 

Phytochemicals Samples 

Coffee Tea Faroe spp. Cymbopogon 

citratus 

Total alkaloids 

(mg/L) 421.120±0.000 
181.004±0.000 120.789±0.000 69.075±0.000 

Total flavonoids 

(mg/L) 
44.150±0.000 60.100±0.000 31.210±0.000 30.150±0.000 

 

The coffee sample had the highest amounts of total alkaloids (421.120±0.000𝑚𝑔/𝐿) indicating 

high levels of caffeine. Caffeine is the most pronounced alkaloid in coffee samples (Shearer, 2014). 

The order of total alkaloid content actually echoed that of total caffeine (as discussed above). 
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Khanum et al., 2017; reported higher values of up to 200ppm of distilled water in different parts 

of raw black tea. These findings were way much higher than those obtained in this study. Ousmane 

et al., 2017; estimated the total alkaloid concentration in green tea (Camellia sinensis) to be up to 

6.96 µg/mg. The researcher also estimated total flavonoids in the same plants to be 97.70 µg/mg. 

Both of these values were higher than those obtained in this study. Total flavonoid concentration 

were in the order of tea (60.100±0.000𝑚𝑔/𝐿), coffee (44.120±0.000𝑚𝑔/𝐿), Faroe spp. 

(31.210±0.000𝑚𝑔/𝐿) and Cymbopogon citratus (30.150±0.000𝑚𝑔/𝐿). The black tea sample 

unexpectedly had the highest flavonoid content owing to more phenolic compounds in tea. There 

was little difference in flavonoid concentration between the two test samples (Faroe spp. and 

Cymbopogon citratus).  

 

CONCLUSION 
 

Physical-chemical analyses showed Faroe spp. sample to be more acidic (3.930±0.956) compared 

to the other test samples. However, the conductivity, volatile solids and volatile fatty acids value 

were similar to those of processed black coffee and black tea unlike those of Cymbopogon citratus. 

The functional group peaks were concisely similar in all the test samples whereas Faroe spp. and 

processed black tea showed more conjugation in their UV-VIS profiles. Similarly, Faroe spp. had 

the highest antioxidant levels when analyzed using DPPH radical scavenger while Cymbopogon 

citratus exhibited very little antioxidant capacity. All samples portrayed abundance in amino acids 

especially tyrosine and phenylalanine. 

 

The order of caffeine content in the samples was black coffee (398.990±0.000𝑚𝑔/𝐿), black tea 

(169.110±0.000𝑚𝑔/𝐿), Faroe spp. (116.640±0.000mg/L) and Cymbopogon citratus 

(38.760±0.000𝑚𝑔/𝐿). The levels of caffeine in Faroe spp. were significant enough to be 

classified as black or green tea. The crucial phytochemical and carbohydrate scans in Faroe spp. 

and Cymbopogon citratus were similar to those of black tea and coffee. Cymbopogon citratus 

extracts however lacked vital reducing sugars and sterols. The order of total alkaloid content was 

similar to that of caffeine with black coffee having the highest concentrations. Black tea however 

had more total flavonoid concentration.  

Faroe spp. was characterized and analyzed to have very high correlation to the black tea sample. 

Cymbopogon citratus extracts were found to differ with the rest of the beverage analytes in most 

of the test carried out. 
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