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ABSTRACT  

Yoghurt is a popular probiotic milk product. Coffee flavoured yoghurt was 

developed to enrich the product with functional properties and help enhance 

local coffee consumption. The aim of the research was to study potential 

interaction of polyphenolic compounds present in coffee extract on the 

viability of lactic acid bacteria, yeast and moulds and, functional properties 

of coffee flavored yoghurt. Coffee flavoured yoghurt was prepared by adding 

coffee flavour extract to the yoghurt in varying amounts; 0.0%, 0.1%, 0.2%, 

and 0.3%. Treatment 0.0% was the control. A complete randomized design 

(CRD) was used, in which yoghurt was divided into 4 treatments in triplicate 

and was randomly assigned to 12 experimental units. The sampling for 

analysis was done at intervals of one week for 28 days from day one. 

Microbial analysis was done using standard AOAC 2016 method using MRS 

and PDA media and results were reported as CFU/ml of the coffee flavored 

yoghurt. Functional properties were determined by evaluation of total 

polyphenols and antioxidant activity using the Free radical scavenging 

activity by DPPH method and Folin ciocateau method. Data was analyzed 

by use of ANOVA, means separated by LSD at p<0.05 level of significance. 

From the findings, lactic acid bacteria in coffee flavoured yoghurt ranged 

between 3.7x107-1.09x108CFU/ml. Yeast and moulds ranged between 

3.6x101-8.33x100 CFU/ml. TPC between 5.76±0.4-97.89±0.6mgGAE/ml while 

Antioxidant properties ranged from 15.82±0.9- 68.55±0.9 % DPPH. There 

were significant differences between coffee flavoured yoghurt and the 

control on the functional properties. In conclusion, addition of coffee flavour 

extract into the yoghurt improved the keeping quality of the yoghurt while 

maintaining its probiotic potential. More studies on addition of natural 

coffee flavour into other milk products are recommended. 
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I. INTRODUCTION 

A. Background Information 

Yoghurt is one of the most popular fermented dairy 

products worldwide which has great consumer acceptability 

due to its health benefits [1]. In general, yoghurt is considered 

as a nutrient-dense food and a rich source of bio-available 

calcium. Yoghurt provides milk proteins with a higher 

biological value containing the essential amino acids 

necessary to maintain good health [2]. Yoghurt is considered 

a probiotic carrier food that delivers significant amounts of 

probiotic bacteria into the body. Recently, coffee flavoured 

yoghurt has been developed with the focus of enriching it 

with functional properties found in coffee and also boost 

coffee consumption in Kenya. For many years coffee in 

Kenya has been produced for export and when the 

international prices fluctuate the effect trickles down to the 

farmer in terms of loses. This problem has affected coffee 

production leading to the loss of livelihoods for many 

families that depend on coffee. Unlike in other coffee 

growing countries, consumption of coffee is low in Kenya 

accounting for less than 7% of the total coffee production [3]. 

Therefore, as a way to mitigate this loss there is a need 

promote local coffee consumption. One of the ways is 

through development of coffee flavored yoghurt. Yoghurt is 

a product that is fast moving in Kenya and enriching it with 

coffee would enhance coffee consumption. Coffee beverage 

is a rich source of bioactive compounds especially 

polyphenols, such as phenolic acids, mostly chlorogenic (in 

green beans) and Cafeic (occurring after roasting). The 

compounds contribute to the total polyphenol intake in diet 

and are beneficial to consumer health [4]. Most of these 

compounds have received considerable attention as 

potentially protective factors against human chronic 

degenerative diseases (cataracts, macular degeneration, 

neurodegenerative diseases, and diabetes mellitus), cancer 

and cardiovascular disease [5], [6]. Coffee flavoured yoghurt 

offers to the consumer the natural attractive flavour of coffee 

as an alternative to the use of artificial flavours and 

colourings that have raised many health concerns around the 

world due to their difficulties in their break down in the body 

[7]. The use of these artificial colourings is meant to cut down 

on cost of production as well as restore the original colour of 

the food after processing [8]. Coffee extract therefore impacts 

a natural brown colour into the yoghurt eliminating the need 

for artificial colours. Consumers of coffee flavoured yoghurt 

have a potential to enjoy improved nutrition from 

bioavailability of calcium, provision of live beneficial lactic 

acid bacteria and also the functional benefits of antioxidants 

from the coffee extract [9]. The coffee flavoured yoghurt has 

a better keeping quality due to suppressed growth of yeast and 
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moulds. This will also help in promoting food safety due to 

antifungal effect of the coffee extract [8]. This research aimed 

at determining the effects of incorporating coffee extract on 

the viability of lactic acid bacteria and fungi and, the 

functional properties of the coffee flavoured yoghurt. 
 

II. MATERIALS AND METHODS 

A. Collection of Samples and Preparation 

All materials were obtained from renowned suppliers. Raw 

milk was obtained from DeKUT farm, yoghurt culture was 

bought from Promaco Limited. Sugar, skimmed milk powder 

obtained from a supermarket in Nyeri town while the coffee 

extract was prepared from DeKUT coffee research 

laboratory. Yoghurt was processed by pre-warming twelve 

liters of milk to 60 oC, then sugar and skimmed milk powder 

added, and the mixture was clarified using a muslin cloth. The 

temperature was raised to 90 oC and held for 30 min to 

achieve complete pasteurization. The mixture was then 

cooled immediately to 45 oC and the yoghurt bacterial culture 

was inoculated at the rate of 2% v/v. Incubation was done for 

6 hours to achieve a pH of 4.6. The yoghurt was then 

transferred into the refrigerator overnight for 12 hours.  

B. Experimental Design and Treatment 

A Complete Randomized Design (CRD) was used to 

prepare the treatments of this research. Four treatments in 

triplicates were prepared by adding coffee extracts to the 

yoghurt as follows; 0.0% was the control, 0.1% coffee 

extract, 0.2% coffee extract and 0.3% coffee extract. This 

yielded a total of twelve samples packaged into small 

packages for ease of sampling and analysis. Sampling was 

done every week for five weeks and were frozen at -18oC. 

Data was analyzed by use of ANOVA and means separated 

by LSD at p<0.05 level of significance. 

C. Microbial Analysis 

Samples were analyzed for microbial counts (lactic acid 

bacteria and yeast and moulds). Survival of lactic acid 

bacteria was analyzed using MRS agar medium by the pour 

plate method and incubated at 30 oC for 48 hours [8]. The 

colonies were determined and presented as colony forming 

unit per ml.  

Yeast and moulds were analyzed using potato dextrose 

agar (PDA) medium by spread plate. One milliliter of the 

initial dilution was spread on the dried PDA using a sterile 

stainless steel spreader. Incubated at room temperature for 3-

5 days after which observations were made and presented as 

CFU/ml [8].  

D. Functional Analysis 

Total polyphenolic compounds were determined using 

Folin ciocateau method as described by Haile and Kang, [8] 

with some modification. Five milliliters of the sample were 

pipetted into a test tube and mixed with 5 ml of 0.2N Folin 

Ciocateau reagent, vortexed gently for 5 min, 4 ml of 7% 

Na2CO3 added and incubated for 90 minutes. The resultant 

colour was read using MRC-V16 UV spectrophotometer at 

765nm wavelength. Gallic acid standard curve was used to 

interpret the results. Total polyphenolic compounds were 

presented as mgGAE/ml of the sample.  

Antioxidant activity was determined using radical 

scavenging activity using 2,2-diphenylpicrylhydrazyl 

(DPPH) method as described by Daniel and Workneh, [9], 

Bobková et al. [10] with slight modifications. Two milliliters 

of 0.006% in methanol DPPH solution was mixed with 1 mL 

of different concentrations of yoghurt samples and stirred 

vigorously for 30 sec. Then the solutions were allowed to 

stand in a dark place at 25 oC for 30 minutes allowing 

chemical reactions to take place. After 30 min, absorbance 

was measured against a blank at 520 nm using MRC V-16 

UV-Visible spectrophotometer. Ascorbic acid was used as a 

standard, and a solution without any sample, but with DPPH 

and ethanol was used as a control. The results were 

interpreted using a standard curve and results given as 

%DPPH.  
 

III. RESULTS AND DISCUSSIONS 

A. Effects of Coffee Extract on Lactic Acid Bacteria 

In this research total counts of Lactic Acid Bacteria (LABs) 

were determined in the coffee flavoured and control yoghurt 

samples. The results are shown in Table I. In week 1 to 3, 

treatment 0.3% showed the lowest significant counts than the 

other treatments. This could have been contributed by the 

higher coffee extract concentration that might have increased 

the acidity of the yoghurt in addition to the generated lactic 

acid that could have lowered the rapid growth of the LABs. 

This agrees with previous observations that the growth of 

LABs during storage is highly affected by low pH mainly 

below 4.7 [11]. A different trend was observed in week 4 and 

5. The samples with higher coffee extracts concentration 

showing higher counts of LABs than those with lower coffee 

concentration. As storage of samples time increased, the 

effect of coffee extract in lowering the growth of LABs 

decreased. This could be attributed to the ability of lactic acid 

bacteria to utilize polyphenolic compounds thus stimulating 

their growth and lowering any antimicrobial effect thus 

improving the survival of the LABs as reported earlier that 

polyphenolic compounds have a positive influence on the 

growth and survival of lactic acid bacteria [12]. This is in line 

with the findings of this research. The lactic acid bacteria in 

all treatments were maintained above 106 cfu/ml, thus the 

product could be termed as probiotic [12]. Coffee flavoured 

yoghurt could be stored under refrigeration for more than four 

weeks and maintain its probiotic quality, as shown in Table I. 

 

TABLE I: LACTIC ACID BACTERIA COUNTS IN COFFEE FLAVOURED YOGHURT 

Treatments 

(% coffee extract) 

LABs (×107, cfu/ml) 

Week 1 Week 2 Week 3 Week 4 Week 5 

Control 10.1±0.01a 10.0±0.1b 9.30±0.02 a 5.23±0.02d 4.96±0.02a 

0.1 10.8±0.02a 10.4±0.02a 7.76 ±0.01 c 6.93±0.02c 3.70±0.02c 
0.2 10.9±0.03a 10.6±0.03a 8.56 ±0.02b 8±0.02 b 4.23±0.0 b 

0.3 9.13±0.02b 9.4 ±0.02c 7.36 ±0.02d 8.40±0.02a 5.40±0.03a 
The values are mean ± standard deviation (SD) of three replicates. Values within a column marked with different superscript letters are significantly different (P˂0.05). 
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B. Yeast and Moulds Counts in Different Treatments of 

Yoghurt 

Yeast and moulds in coffee flavoured and non-coffee 

flavoured yoghurt was studied for five weeks during cold 

storage. The results as shown in Table II indicated that 

concentration in the control (0.0%) ranged from 11.3×100 to 

36×100 cfu/ml, treatment 0.1% ranged from 9.87×100 to 

8.33×100 cfu/ml, treatment 0.2% gave a range of between 

11.64×100 to 9.54×100 cfu/ml while treatment 0.3% gave a 

range of between 9.69×100 to 8.27×100 cfu/ml. This indicated 

a decrease in the yeast and moulds count during the five-week 

storage period. A significant difference was recorded on week 

two to week five with the control (0.0%) having the highest 

level of counts from week one to week five. This could be 

attributed to lack of coffee extract in this treatment compared 

to the other treatments that showed antifungal effects of the 

coffee extract. Addition of coffee extract resulted to 

decreased growth of yeast and moulds in the yoghurt. It was 

also observed that yeast and moulds was sensitive to all the 

three concentrations of the coffee extract. This indicated that 

coffee extract had negative effect on the survival of yeast and 

moulds in yoghurt and it is in agreement with previous 

findings that caffeine and polyphenolic compounds have an 

antifungal activity on yeast and moulds [10]. The yeast and 

moulds pose danger to the safety and the keeping quality of 

the yoghurt. 

Treatment 0.3% exhibited the lowest colony counts than 

the other treatments as shown in Table II. This could be 

attributed to the increased polyphenolic compounds present 

in coffee extracts due to increased concentration of the coffee 

extract, hence hindering multiplication of yeast and moulds. 

Reference [14] also indicated that polyphenolic compounds 

in coffee extract have ability to control growth of fungi. 

Concentration of yeast and moulds in yoghurt is a measure of 

food safety and should not be found above the stated limits of 

<100 cfu/ml according to Kenya Bureau of Standards 

specification [15]. In this research yeast and moulds ranged 

between 9 and 36 cfu/ml as shown in Table II. This was 

within the recommended limit. The yeast and moulds may 

contaminate the yoghurt from the surrounding air in the 

environment where yoghurt is produced. It is therefore 

recommended that, maintenance of good manufacturing 

practices in processing environments should be observed 

through regular cleaning disinfection, determination of the 

quality of the air coming into the packaging area or 

environment. In addition, management of ingredients that 

could introduce fungal contaminants into the process by use 

of antagonistic culture, preservatives and innovative 

packaging as strategies is important [16]. 

C. Total Polyphenolic Compounds (TPC) 

The total phenolic compounds were evaluated, and the 

results shown in Table III. The total polyphenolic compounds 

in the different treatments were as follows; in 0.0% treatment 

total polyphenolic compounds ranged from 

8.03a±0.2mgGAE/ml to 5.76d±0.4 mgGAE/ml, in 0.1% 

treatment, from 34.96b±0.4 to 32.96c±0.8, in 0.2% from 

67.09c±0.6 to 63.23b±0.61 mgGAE/ml and in 0.3% treatment 

it ranged from 97.89c±0.6 to 95.89a±0.23 mgGAE/ml. There 

were significant differences among all treatments in week one 

with 0.3% having the highest value of TPC. This significant 

variation is attributed to the highest dosage of coffee extract 

used in the treatments. The treatments had different 

concentrations of phenolic compounds in the coffee extract 

as shown in Table III. It was evident that TPC was increasing 

with the increase in the coffee extract concentration. 

Significant differences were also observed in all treatments 

throughout the five weeks with treatment 0.3% having the 

highest values of TPC. Treatment 0.1% gave a TPC of 

33.7 mgGAE/ml which was found to be significantly 

different from the other three treatments at p<0.05. Treatment 

0.2% was found to have a mean of 67.94 mgGAE/ml which 

was also significantly different from the other three 

treatments at p<0.05. Treatment 0.3% which had the highest 

dose of the coffee extract gave 96.53 mgGAE/ml and was 

significantly higher than the means of other treatments. The 

results showed that the concentration of TPC increased with 

the increase in concentration of the coffee extract. This high 

value of TPC in treatment 0.3% was attributed to the higher 

concentration of coffee extract used in the samples. The level 

of TPC along the treatments showed a declining trend from 

week one to week five as shown in Table III. This gradual 

decline in the level of TPC in every treatment could be 

associated with LABs utilizing TPC for their metabolic 

activities and the linkages formed between TPC and proteins 

in the yoghurt [17]. The TPC was increasing as the coffee 

extract concentration increases. Treatment 0.0% did not 

contain any coffee extract and therefore its TPC was within 

the normal range found in fermented milk products [18]. 

Total phenolic compounds in milk could be contributed 

through naturally occurring phenolic compounds in the milk 

arising from the feeds animals consume [19]. The TPC levels 

are highly influenced by various compounds found in coffee 

including chlorogenic acid, cafeic acid, trigonneline, 

melanoidins and many other organic acids that contributes to 

the quality of coffee [10]. 

 

TABLE II: YEAST AND MOULDS IN COFFEE FLAVOURED YOGHURT 

Treatments % 

Coffee extract 

Yeast and Moulds (×100 cfu/ml) 

Week 1 Week 2 Week 3 Week 4 Week 5 

Control 11.30±1.15ab 14.30±0.57a 19.30±1.52a 27.30±2.08a 36.00±2 a 

0.1 9.87 ±0.57 b 8.93±0.57c 8.67 ±0.57 b 8.67 ±0.57b 8.33±0.57 b 
0.2 11.64 ±0.57 a 11.33 0.57b 9.61±2.08 b 9.61 ±1.52b 9.54±2.08 b 

0.3 9.69 ±1.52 b 9.00 ±1 c 8.54±1.15 b 8.33 ±1.52b 8.27±1.52 b 
The values are mean ± standard deviation (SD) of three replicates. Values within a column marked with different superscript letters are significantly different (P˂0.05). 

 

TABLE III: TOTAL PHENOLIC COMPOUNDS IN COFFEE FLAVOURED YOGHURT 

Treatments 

(%coffee extract) 

Total polyphenolic compounds (mgGAE/ml) 

Week 1 Week 2 Week 3 Week 4 Week 5 

Control 8.03±0.2d 7.76±0.4d 7.23±0.46d 6.56±0.4d 5.76±0.4d 

0.1 34.96±0.4c 33.49±0.6c 34.03±0.83c 33.09±0.83c 32.96±0.8c 
0.2 67.09±0.6b 66.29±1b 65.1±0.68b 64.03±0.61b 63.23±0.61b 

0.3 97.89±0.6a 97.09±1a 95.89±1a 95.89±0.46a 95.89±0.23a 
The values are mean ± standard deviation (SD) of three replicates. Values within a column marked with different superscript letters are significantly different (P˂0.05). 
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TABLE IV: ANTIOXIDANT ACTIVITY OF COFFEE FLAVOURED YOGHURT 

Treatments 

(%coffee 

extract) 

Antioxidant activity (%DPPH) 

Week 1 Week 2 Week 3 Week 4 Week 5 

Control 19.15±0.5 d 19.46±0.9 d 18.24±0.5 d 15.82±0.9 d 16.73±0.9 d 

0.1 41.58±1 c 42.79±1 c 39.46±0.9 c 37.33±0.5 c 34.30±1 c 
0.2 54.91±0.9 b 54±0.9 b 52.49±1 b 50.67±2.3 b 45.82±0.9 b 

0.3 68.55±0.9 a 66.73±0.9 a 64±0.9 a 62.49±1.4 a 57.94±1 a 
The values are mean ± standard deviation (SD) of three replicates. Values within a column marked with different superscript letters are significantly different (P˂0.05). 

 

D. Antioxidant Activity 

Functional properties in coffee flavoured yoghurt are 

influenced by the antioxidant activity of the coffee extract. 

In this research antioxidant activity of the samples was as 

follows: in treatment 0.0% it ranged from 19.15±0.5 to 

16.73±0.9, treatment 0.1% from 41.58±1 to 34.30±1, 0.2% 

from 54.91±0.9 to 45.82±0.9 and in treatment 0.3% 

antioxidant activity ranged from 68.55±0.9 to 57.94±1. There 

was an increase in antioxidant activity as the coffee extract 

concentration increases with significance difference recorded 

in all treatments for the five-week storage period. Treatment 

0.3% recorded the highest value in all the five weeks as 

shown in Table IV. This could be attributed to the high 

concentration of coffee extract used in this treatments [12] as 

coffee is a rich source of phenolic compounds that are 

responsible for antioxidant activity of the coffee brew [10] 

There was a decline in antioxidant levels in all treatments 

during the storage period. The decline could be associated 

with the ability of lactic acid bacteria to utilize antioxidant 

compounds for their metabolic activities or due to the 

polyphenol protein interaction in the yoghurt [20]. Coffee 

extract is considered to contain phenolic compounds 

including; chlorogenic acid, caffeine, melanoidins that 

influence antioxidant activities [9]. Coffee extract, being rich 

in antioxidants have potential to benefit the consumer through 

incorporation in yoghurt. Treatment 0.0% showed the least 

antioxidant activity because it contained no added coffee 

extract. Its antioxidant activity could be attributed to the 

normal antioxidants found in milk contributed through 

naturally occurring phenolic compounds in the milk arising 

from the feeds animals consume [19]. This is in agreement 

with the reported finding that control yoghurt without 

pomegranate contained 17.91% DPPH activity [21]. The 

results also indicated that the higher the concentration of the 

coffee extract the higher the phenolic compounds hence the 

higher the antioxidant activity among the treatments [23]. 

Coffee flavoured yoghurt, a probiotic as well as prebiotic 

product has potential to boost human nutrition in addition to 

enhancing calcium bioavailability from the yoghurt. 

 

IV. CONCLUSION 

In conclusion coffee extract does not affect the survival of 

lactic acid bacteria in the yoghurt but rather improves their 

survival thus making the coffee flavoured yoghurt a probiotic 

product. The lactic acid bacteria counts were maintained 

above 106 in all treatments throughout the storage period, an 

indication that coffee extract improved the shelve life of the 

yoghurt. Growth and multiplication of yeasts and moulds 

during storage of yoghurt was negatively affected by addition 

of the coffee extract indicating potential for the coffee extract 

as an antifungal. Coffee extract was also found to influence 

the functional properties of the coffee flavoured yoghurt. It 

was evident that increased coffee extract concentration 

resulted to increase in the levels of antioxidant activity and 

the total polyphenolic compounds in the coffee flavoured 

yoghurt. Addition of coffee extract into yoghurt enriched the 

product with important functional properties that have 

potential health benefits to the consumer. A 2% rate of 

application of coffee extract into the yoghurt and regular 

consumption of the coffee flavoured yoghurt for functional 

benefits associated with health is recommended. The research 

further recommends more studies on addition of natural 

coffee flavour into other milk products.  
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