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Abstract

Background: Yoghurts were fortified with black, green and purple teas to impart health 
benefits. The effects of ingesting the fortified yoghurts were investigated using laboratory mice. 

Objectives: To investigate the effect of ingesting yoghurts fortified with teas using mice 
model by assaying body weight, packed cell volume and antioxidant biomarkers in blood 
and liver. 

Methods: Plain, black, green and purple tea fortified yoghurts were developed with 0, 
1, 2 and 4g in 250mL milk. Mice model was used to investigate the effects of their ingestion 
(Permit Number IRC/13/12) at the National Museums of Kenya- Institute of Primate 
Research (NMK-IPR). Body weight, blood and liver biomarkers including packed cell 
volume (PCV), albumin, total protein, alkaline phosphatase (ALP) and glutathione (GHS) 
were studied. Results were statistically assayed and used for interpretation.

Results: Consumption of plain yoghurts registered a significant decrease (P≤0.05) in 
serum GSH from 23.0 to 19.0 µM, while green and black tea yoghurts registered significantly 
higher P≤0.05 serum and liver GSH (20.0-33.0µM) implying a boost in antioxidant capacity. 
Plain and tea fortified yoghurt ingestion increased serum albumin (1.6 µL for negative 
controls against 2.5-3.0µL for the fortified groups) and liver total protein (2.5 g/dL for negative 
controls against 2.5-4.0g/dL for the fortified groups), implying that the nutritional benefits 
conferred by milk proteins in yoghurt were not adversely affected by the tea phenols.

Conclusion: Tea can be used for the production of fortified yoghurts rich in antioxidants 
thus improving the functionality of yoghurts. 
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Key Messages

• Tea polyphenols can be used to impart antioxidant health benefits to yoghurts.

• At concentrations of 1-4g/250mL tea polyphenols do not suppress the yoghurt 
microorganisms, Lactobacillus bulgaricus and Streptococcus thermophilus growth 
to below the set microbial standard load of between 106and 108cfu/g.

• Anti-oxidant biomarkers in mice where enhanced upon consumption of tea fortified 
yoghurts implying imparted health benefits to the animals.

What is already known about this subject?

Polyphenols in tea can be used to fortify foods and enhance health benefits.

Various food products can be fortified with tea and tea extracts and thus add health 
aspects desired in health products.

What does the study add?

The study investigates the effects of ingesting tea fortified yoghurts on the antioxidant 
capacity of mice against controls with no fortification. The results demonstrated the resulting 
benefits of enhanced body antioxidants from yoghurt fortification with tea.

How might this impact on clinical practice?

Food fortification with tea and other components that boost nutritive and functional status 
of subjects will be encouraged as a way of enhancing healthy living. This way prevention of 
diseases will be improved as opposed to curative means of eradicating diseases. 

What is purple tea?

Purple tea is a new variety with anthocyanins in the leaves as depicted by the purple 
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Introduction
Consumers are becoming more conscious of the quality of the 

food that they eat and drink. The food and beverage industries 
have in turn responded to the changes in consumer preferences 
by enhancing the nutritive value of their products through 
incorporation of natural health-promoting substances [1-3]. 
Herbal and botanical agents have elicited considerable interest 
in food fortification including tea polyphenols [4,5]. In recent 
years, tea is increasingly being used as a health drink following a 
growing number of scientific investigations that have associated 
its polyphenols with important health enhancing properties [6-
9]. Biological activities of tea has traditionally and widely been 
attributed to its anti-oxidant properties and subsequently, its 
modulative effects against a host of medical conditions sharing 
oxidative stress as a common denominator [10]. However, 
drinking tea alone may not provide sufficient levels of polyphenols 
to achieve the health benefits associated with these biomolecules. 
Therefore, fortifying food products has been suggested as an 
alternative way of enhancing intake of tea polyphenols in order 
to more reliably attain the attributed medicinal value of tea [11]. 
This research focused on tea fortification with yoghurts as an 
alternative format for incorporating tea in food and imparting its 
inherent health benefits.

Yoghurt is a popular dairy product all over the world. It 
is prepared by bacterial fermentation of milk [1]. Its’ health 
effects range from improvements in lactose intolerance 
and gastrointestinal functions, immunostimulatory, 
hypocholesterolemic and weight loss effects [12]. The effects 
accrue from original yoghurt nutrients and the beneficial 
effects of starter cultures. Recent research has demonstrated 
that yoghurts with enhanced antioxidants confer added health 
benefits to consumers when compared to the ordinary yoghurts 
[13,14]. Notably, yoghurts fortified with tea displayed enhanced 
antioxidant capacities in-vitro as well as a higher level of starter 
culture during cold storage [15]. This notwithstanding, it remains 
uncertain whether this promising antioxidant capacity from in-
vitro studies can be sustained in-vivo. Moreover, given the known 
interactions of milk proteins with polyphenols, it remains to be 
determined whether the nutritional benefits conferred by the 
milk proteins in yoghurt are adversely affected from such an 
interaction in-vivo [16,17]. To test this hypothesis, the present 
investigation attempted to produce yoghurts fortified with tea 
and assess their antioxidant and nutritive capacities using a 
mouse model. 

Material and Methods
Tea Samples

The raw materials used in the manufacture of the teas for 
yoghurt fortification were obtained from the Kenya Agricultural 
and Livestock Research Organization, Tea Research Institute 
(KALRO-TRI), Timbilil Estate in Kericho (latitude 0°22S, longitude 
35°21E, altitude 2180 m a.m.s.l.). Non-aerated green and aerated 
black teas were processed from the tea cultivar TRFK 6/8, while 
the non-aerated purple tea was processed from the purple 
leaf coloured cultivar TRFK 306. The purple coloured cultivar 
TRFK 306 is a putative interspecific natural hybrid between 
Camellia irrawadiensis  (variety TRFK 91/1) and an unknown tea 
cultivar (Camellia sinensis) and is characterized by high levels of 
anthocyanins [14,18].

Processing of Tea for Yoghurt Fortification 
Freshly harvested young tender shoots comprising of two 

leaves and a bud were used to process the non-aerated and 
aerated teas. For the manufacture of non-aerated tea, leaves were 
steamed (Philips HD9120, China) at 90°C for 1min, macerated 
using a Cut, Tear and Curl (CTC) machine (Williamson Tea, UK) 
and dried at 120°C (Tea Craft Fluid Bed Drier, England) for 30min 
to attain a moisture content (MC) of 3-4% [19]. Aerated black tea 
processing involved withering (two leaves and a bud) for 18 h 
to a moisture content of 50 and 65%MC, maceration using CTC 
machine, aeration for 90min at 22°C (Aeration cabinet, Tea Craft, 
Bedford, UK) and drying at 120°C (Tea Craft Fluid Bed Drier, 
England) to 3-4% MC [20].

Yoghurt Development 
Raw Materials: The ingredients used for the plain and tea 

fortified yoghurts included aerated black tea and non-aerated 
green and purple teas processed from Kenyan tea varieties (TRFK 
6/8 and TRFK 306) incorporated at (0g (0%w/v), 1g (0.4% w/v), 
2g (0.8% w/v), and 4g (1.6% w/v) per 250 mL of milk). Milled 
white cane sugar (Mumias Sugar Company Limited, Kenya) at 
6.5% w/v, whole milk (250mL Gold crown Pasteurized Fresh milk 
from Kenya Cooperative Creameries (KCC) Ltd, Nairobi, Kenya), 
yoghurt starter culture (2.0% w/v) Streptococcus salivarius ssp. 
thermophilus and Lactobacillus delbrueckii ssp. bulgaricus mixed 
at a ratio of 2:1 (S. salivarius subsp. thermophilus and L. delbrueckii 
subsp. bulgaricus- Thermophilic Yoghurt Culture-YoFlex®, Freeze 
-dried Lactic Culture for Direct Vat Set (DVS) YF-L812 Freeze –
dried 500u, CHR hansen, (Québec) CANADA) and skimmed milk 
powder (Kenya Cooperative Creameries (KCC) Ltd, Nairobi, 
Kenya- skimmed milk powder) at 2.5% w/v.

Development and Storage of Yoghurts: Yoghurt development 
was carried out aseptically at the food processing and value addition 
laboratory unit of KALRO-TRI, as described elsewhere [21-23].   Fresh 
pasteurized milk was homogenized by heating and stirring to 90°C  
for 3 min before the incorporation of teas and other ingredients. 
A further boiling for 10min was done after the addition of aerated 
black and non-aerated green and purple teas, sugar and skimmed 
milk powder. Thereafter the mixture was filtered, cooled to 45°C and 
inoculated with the mixed yoghurt starter culture. Incubation was 
subsequently done for 4-9h at 45°C. The end products were cooled 
and stored at 4°C. Each set of yoghurt had a control without tea and 
was prepared in triplicate. 

colouration of the purple tea variety. The purple coloured cultivar 
TRFK 306 is a putative interspecific natural hybrid between 
Camellia irrawadiensis (variety TRFK 91/1) and an unknown tea 
cultivar (Camellia sinensis) and is characterized by high levels of 
anthocyanins. The purple tea is not the Rooibos tea the “red bush” 
whose scientific name is Aspalathus linearis which is a broom-like 
member of the Fabaceae family of plants growing in South Africa 
and which is used to make herbal tea.   

How many types of teas where used?

The teas used in yoghurt fortification included black tea 
processed as aerated tea from the tea variety TRFK 6/8, green tea 
processed as non-aerated tea from variety TRFK 6/8 and Purple 
tea processed as non-aerated tea from variety TRFK 306.
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Experimental Animals

All experimental procedures and protocols involving mice 
strictly adhered to protocols approved by Institutional Animal 
Care and Use Committee (IACUC) of the National Museums of 
Kenya-Institute of Primate Research (NMK-IPR). A permit was 
acquired (Permit number IRC/13/12) from NMK-IPR Karen, 
Kenya, prior to the start of the research. A total of 55, eight weeks 
old female and male adult Swiss white mice weighing between 
26-36g were obtained from IPR rodent breeding colony and 
used in the research. The animals were housed in groups of 5 
(separated according to sex) under conventional animal housing 
conditions within standard mice cages at a temperature range 
of 21-28°C. They were provided ad libitum access to water and 
standard mice cubes obtained from Unga Feeds Ltd Kenya. 
Sterile wood-chippings were provided as bedding material. As 
a precautionary measure all mice were treated with 0.02mL 
Ivermectin (Ivermectin®, Anupco, Suffolk, England) injected 
subcutaneously for protection against internal parasites. Carbon 
dioxide (CO2) gas was used to euthanize the animals at the end of 
the experiment as described by Close et al. [24].

Experimental Design 

Test Animals: Prior to the start of the experiment, the study 
was blinded by random selection and allocation into groups of 
mice of similar sex, where each mouse served as a replicate in a 
completely randomized design (CRD). 

Test products: A total of 55 mice were subdivided into 11 
groups of 5 mice each including: (1) Group 1- controls on mice 
cubes and water only (the negative control group). (2) Group 2 
-controls fed on mice cubes, water and plain yoghurt (the positive 
control group). (3) Group 3- fed on mice cubes, water and black 
tea fortified yoghurt at 1g/250mL. (4). Group 4- fed on mice 
cubes, water and black tea fortified yoghurt at 2g/250mL. (5) 
Group 5- fed on mice cubes, water and black tea fortified yoghurt 
at 4g/250mL. (6). Group 6- fed on mice cubes, water and green 
tea fortified yoghurt at 1g/250mL. (7) Group 7- fed on mice 
cubes, water and green tea fortified yoghurt at 2g/250mL. (8) 
Group 8-fed on mice cubes, water and green tea fortified yoghurt 
at 4g/250mL. (9) Group 9- fed on mice cubes, water and purple 
tea fortified yoghurt with at 1g/250mL. (10) Group 10- fed on 
mice cubes, water and purple tea fortified yoghurt at 2g/250mL. 
(11) Group 11- fed on mice cubes, water and purple tea fortified 
yoghurt at 4g/250mL. 

Administration of Test Products: Mice cubes and water 
were administered ad libitum to the test mice during the 
experimental period. The test products included plain and 
tea fortified yoghurts (black, green and purple teas at 1g, 2g, 
and 4g/250mL) were administered orally at a dosage of 1mL 
per mouse after every second day using a gavage needle. The 
administration time was around 9.30AM in the morning at every 
supplementation session. Administration of the test products 
was carried out for 28 days during which mice were monitored 
for changes in body weight (bwt) and packed cell volume (PCV). 
The experiment was terminated through euthanasia 24 h post the 
last dosage. Liver samples were obtained and whole blood drawn 
via cardiac puncture, serum separated and stored at -80°C until 
required for analysis. 

Determination of Food Value, Antioxidant Capacities 
and Polyphenol Contents of Yoghurts

Proximate composition of yoghurts including carbohydrates 
[25], moisture [26], fats [26], proteins [26], ash [26] and fibre [26] 
were assayed. Water soluble Vitamin B1 and fat soluble Vitamin 
A were assayed according to AOAC methods [26]. Antioxidants 
were assayed by the method described by Yen and Duh [27] while 
polyphenols were determined by the method described by ISO [28]. 

Packed Cell Volume (PCV) and Body Weight (bwt)
At one week interval, PCV was determined as per the method 

by Hoff [29]. Body weight of each mouse was determined every 
2 days using an electronic analytical balance (Mettler PM2000 
balance, Ohio, USA) as described by Rashid et al., [8].

Liver and Blood Sample Preparation
Frozen whole livers were homogenized at 4°C (in ice) in a 

buffer containing 0.25M sucrose, 5mM Hepes-Tris (pH 7.4), 1mM 
ethylenediaminetetraacetic acid (EDTA) with protease inhibitor 
cocktail to a final concentration of 10% (w/v) using a tissue 
homogenizer (Stuart homogenizer SHM2/UK, Bibby Scientific 
Limited, USA) as per the method by Tripathi and Srivastav [30]. 
The homogenate was aliquoted and stored at -80°C until required 
for analysis. Approximately 1mL of whole blood drawn in falcon 
tubes (1mL) was left to stand for 1 h at room temperature in an 
upright position for clotting to occur. The crude serum sample 
was then transferred to 1.5mL microfuge tubes and centrifuged 
(Heraeus Labofuge 400R, Hanau, Germany) for 15min at a speed 
of 1000xg. Serum was then aliquoted into 1.5mL microfuge tubes 
and immediately stored at -80°C until required for biochemical 
analysis [31]. 

Glutathione (GSH) Assay
Glutathione assay was performed as described by Rahman 

et al., [32] with slight modifications. A volume of 200μmoL/L 
of GSH standard solution was prepared in 0.5% sulphosalicylic 
acid (SSA) and serial dilutions made using the same solution 
(0.5% SSA) to final concentrations of 100, 50, 25, 12.5, 6.25, 
3.13, 1.56 and 0.78μmoL/L. Ellman’s reagent (5,5’-Dithiobis 
2-nitrobenzoic acid (DTNB)) was prepared by dissolving in 0.1M 
potassium phosphate buffer with 5mM EDTA disodium salt, pH 
7.5 (KPE buffer) to a final concentration of 0.6mg/mL. A volume 
of 50μL of liver homogenate or serum was mixed with 50μL 
solution containing 5% SSA and 0.25mM EDTA. This mixture 
was centrifuged at 8000xg at 4°C for 10 min and 25μL of the 
supernatant loaded on a 96-well microtitre plate in triplicate. 
Approximately 25μL of each standard and a blank were loaded 
to the remaining wells. To each well, 100μL of freshly prepared 
DTNB was then added and the absorbance measured at 405nm at 
intervals of 30sec using a multi-detection microtitre plate reader 
(DYNEX MRX, Vancouver, USA). Measurements from the series of 
GSH standard dilutions (100-0.78μmoL/L) prepared earlier were 
used to construct a standard curve from which experimental 
values were interpolated.

Biochemical Analyses
A clinical biochemical analyzer (Humalyzer 2000, 

Wiesbaden, Germany) was used to analyze serum samples and 
liver homogenates for the estimation of total proteins, albumin 
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and alkaline phosphatase using commercial reagent kits 
(Human Diagnostics, Wiesbaden, Germany) according to the 
manufacturer’s instructions [31].

Data Analysis 
Data was analyzed using Prism Graph-pad version 5.0 and 

P≤0.05 considered as being statistically significant. Significant 
differences between means for glutathione (GSH), total proteins, 
albumin and liver alkaline phosphatase levels was determined 
by one way ANOVA and Turkey post hoc test were performed to 
evaluate differences among group means. Graphs were plotted to 
show the trend of the various response variables [33]. The data 
was expressed as mean ± SEM (standard error of the mean). 

Results
Food Value Antioxidant and Polyphenol Values of the 
Developed Yoghurts

Food value results for the developed yoghurts including 
carbohydrates, proteins, ash, minerals, fats among others have 
been given in Table 1. 

The food values of the yoghurts were not significantly 
different (P≤0.05) between plain and fortified yoghurts from 
black, green and purple teas. However significant differences 
(P≤0.05) were registered on their polyphenol and antioxidant 
values as recorded in Table 2.

Effects of Tea Fortified Yoghurts on Packed Cell Volume 
(PCV) and Body Weight (bwt) of Mice

Packed cell volume and body weights measured prior 
to the start of the experiment were used as base line data. 
Mice supplemented with yoghurts fortified with black tea 

Table 1: Proximate composition of tea fortified yoghurts made from black green and purple tea.

Value= Mean ± S.D on dry weight basis. Each value is a mean of 3 replicates. Means of the same parameter followed by the same letter are not 
significantly different (P≤0.05). S.D=Standard deviation. LSD= Least significant difference (P≤0.05). CV =Coefficient of variation (%). Vit.A=Vitamin 
A. Vit.B=Vitamin B. CHOs=Carbohydrates

at, 4g/250mL recorded the greatest decrease in PCV which 
dropped from 62.8% to 56.6% ten days post start of yoghurt 
administration (Figure 1A). There was a slight increase at 7 days 
thereafter reaching 59.0% which was however followed by a 
drop to 53.6% at the end of the experiment period. The group 
at 2g/250mL recorded a steady increase in PCV immediately 
after administration and progressed until the third day rising 
from 56.2% to 63.4%, followed by a drop to 55.8% by day 10. A 
marginal increase of 57.0% was recorded before a fall to 53.0% 
by the end of the experiment. At 1g/250mL an increase of 62.0% 
was reached by the third day of administration from 57.2% four 
days prior to start of yoghurt supplementation.

Decrease in PCV was evident with green tea yoghurts at 4 and 
1g/250mL till the end of the experiment (Figure 1B). Animals 
administered green tea fortified yoghurts at 2g/250mL recorded 
an initial decline in PCV from 64.6% to 54.0% by the third day 
followed by a steady rise at day 7 before another drop until the end 
of the experiment. The PCV of mice supplemented with yoghurts 
fortified with purple tea are presented in Figure 1C. At 4g/250mL, 
mice registered a progressive drop in PCV from the start to the 
end of the experiment. Groups of 2 and 1g/250mL recorded an 
initial drop in PCV from 63.6% and 63.8% to 54.6% and 53.6% 
respectively by the day 10 post start of yoghurt administration. 
Both groups recorded steady increments at day 7 before recording 
progressive drops until the end of the experiment.

All groups supplemented with plain or tea fortified yoghurts 
registered a drop in body weight (bwt), with only two exceptions 
of green tea and purple tea fortified yoghurts at 1 and 4g/250mL 
respectively. Animals supplemented with black tea yoghurts lost 
bwt from the start to the end of the experiment with periodic 
fluctuations (Figure 2A). Mice supplemented with green tea 
yoghurts at 2g /250mL recorded a steady decrease from the 
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Table 2: Polyphenols and antioxidants in tea fortified yoghurts.

Value =Mean ± S.D on dry weight basis. Each value is a mean of 3 replicates. Means on the same column followed by the same letter are not 
significantly different (P≤0.05). S.D=Standard deviation. LSD= Least significant difference (P≤0.05).CV =Coefficient of variation (%). ND=Not 
Detected.

start to day 11, dropping from 31.1g to 26.4g. This was followed 
by a progressive increase reaching 29.6g translating to a 5.0% 
drop by end of the experiment. Green tea at 4g and 1g /250mL 
groups registered a drop of 1.2% and an increase of 6.6% in bwt 
respectively by the end of the experiment (Figure 2B). The purple 
tea yoghurts group at 1g and 2g/250mL resulted in marginal 
decreases in bwt. A different scenario was observed in the 4g 
/250mL group which recorded a 5.5% increase in bwt by the end 
of the experiment period (Figure 2C).

Effects of Tea Fortified Yoghurts on Total Proteins in 
Serum and Liver

Total serum proteins were comparable between mice 
supplemented with both plain and tea fortified yoghurts and 
water only for the placebo group (Figure 3A). However, there 
was a significant reduction (P≤0.05) in total serum protein in 
mice supplemented with tea fortified yoghurts with green and 
purple teas at 2g and 1g/250mL rates respectively. No significant 
differences (P≤0.05) were observed between the plain and 
placebo yoghurts. 

Completely different trends in total proteins were observed in 
liver homogenates when compared to the serum samples (Figure 
3B). Both plain and tea fortified yoghurts; with the exception of 
black tea fortified yoghurt (4g/250mL) caused a general increase 
in liver total proteins though not significantly (P≤0.05). However, 
purple tea fortified yoghurts (4g/250mL) caused a significant 
(P≤0.01) increase in liver total proteins compared with the water 
only group. No significant differences (P≤0.05) were recorded 
between plain and other types of tea fortified yoghurts. 

Effects of Tea Fortified Yoghurts on Albumin in Serum
Both plain and tea fortified yoghurts induced significant 

(P≤0.05) increase in serum albumin in the plain yoghurt groups 
compared to animals supplemented with water only (negative 
control) (Figure 4). Serum albumin levels were also significantly 
higher (P≤0.05) in animals supplemented with yoghurts fortified 
with black and purple teas at 1g/250mL compared to the water 
only group (negative controls). 

Effects of Tea Fortified Yoghurts on Liver Alkaline 
Phosphatase (ALP)

There were no significant differences (P≤0.05) in liver alkaline 
phosphatase (ALP) levels between animals supplemented with 
plain and tea fortified yoghurts and the placebo group on water 
only (Figure 5). Moreover, no significant differences (P≤0.05) 
were observed between animals administered plain yoghurts and 
those administered black, green or purple tea fortified yoghurts. 
However, experimental animals supplemented with either plain or 
tea fortified yoghurts recorded slight but insignificant increments 
in liver ALP levels vis-a-vis the placebo group (P≤0.05).

Effects of Tea Fortified Yoghurts on Glutathione (GSH)
Serum GSH were significantly reduced (P≤0.05) in mice 

supplemented with plain yoghurts when compared to the water 
only control group (Figures 6A and 6B). However, fortification 
of yoghurts with tea restored serum GSH levels to within the 
range recorded for healthy control animals on water only in the 
respective groups. Experimental animals supplemented with 
green tea yoghurts at all the concentrations (0g, 1g, 2g and 4g/ 
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250mL) recorded significantly higher (P≤0.001) GSH levels when 
compared to both the plain and the placebo groups. Black tea 
yoghurts group at 4g/250mL recorded significantly (P≤0.001) 
higher serum GSH compared to plain and water only groups. 

Yoghurts fortified with black tea at 2g/250mL significantly 
raised liver GSH (Figure 6B) when compared to mice 
supplemented with plain yoghurts (P≤0.01) or the placebo group 
(P≤0.001). 

Discussion
The study revealed that the consumption of plain yoghurts 

resulted in a significant decrease in serum GSH when compared 
to the water only group. These results differed with previous 
studies which reported the ability of yoghurts and fresh milk 
to up-regulate cellular GSH levels [34-36]. However, from the 
findings, it can be noted that there could be some interaction 
of milk moieties with thiols in blood making them unavailable. 
Consistent with this, an earlier study had established that during 

milk pasteurization, micro-organisms and enzymes are denatured 
leading to an increase in yoghurt viscosity. Conformational 
changes expose the reactive thiol group on β-lactoglobulin of milk 
whey protein to form disulphide links with other thiol groups 
[37]. The data also revealed that animals supplemented with tea 
fortified yoghurts recorded higher serum GSH compared to plain 
yoghurt groups. Indeed, animals supplemented with green tea 
yoghurts at all concentrations and black tea at 4g/250mL resulted 
in a significant increase (P≤0.05) in serum GSH compared to 
plain yoghurts or water only groups, implying a boost in serum 
antioxidant capacity. 

These findings agree with investigations of the effects of 
tea polyphenols from Kenyan tea cultivars which reported the 
ability of tea phytochemicals to boost GSH in the brain [8] and 
kidneys [8] of mice. Moreover, green tea has also been shown to 
enhance the nutritive value of other foods. Fortification of bread 
with green tea for example has been reported to sufficiently 
ameliorate oxidative stress against renal failure in rats [39]. The 
main bioactive molecules of tea are the polyphenols (powerful 

A

B

C

Figure 2: Body weight of mice supplemented with  yoghurts fortified with (A) 
black, (B) green tea (C) purple tea at 0g, 1g, 2g and 4g/250mL (m/v) and water 
only 0* for the controls.

A

B

C

Figure 1: PCV of mice supplemented with yoghurts fortified with (A) black tea 
(B) green tea (C) purple tea at 0g, 1g, 2g and 4g /250mL (m/v) and 0*water 
only for the negative controls.
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A

B

Figure 6: Total GSH in (A) serum  and (B) liver homogenates of mice 
supplemented with yoghurts fortified with black, green or purple tea at 0g, 1g, 
2g and 4g /250mL (m/v) and 0* water only for the controls. Data are means ± 
SEM (standard error of the mean).

antioxidants) which when consumed, may act as free radical 
scavengers squelching endogenous free radicals generated 
through metabolism [40,41]. However, the importance of tea 
in enhancing protection against oxidative stress goes beyond 
simply free radical scavenging and has also been attributed to its 
ability to amplify the activity of most detoxifying enzymes such as 
glutathione peroxidase and glutathione reductase [6]. 

Results from this study also indicate that both plain and tea 
fortified yoghurts increased serum albumin which corroborates 
findings of earlier studies [42-43] which demonstrated that 
fermented milk fortified with probiotics improved nutritional 
status among the elderly as had been demonstrated by an 
increase in serum albumin. Low serum albumin is as a marker of 
malnutrition and is associated with higher mortality, morbidity 
and poor outcome in a range of medical situations [44]. These 
findings therefore suggest an improvement in the nutritional 
status of experimental mice supplemented with tea fortified 
yoghurts. The results also indicate that animals supplemented 
with either plain and tea fortified probiotic yoghurts had slightly 
higher liver total protein levels compared to animals supplied with 
water only. Oral intake of yoghurt and milk proteins in general 
exposes the liver to high levels of amino acids. Considering that 
protein synthesis across the splanchic bed is highly sensitive 
to amino acid availability [45], there is a likelihood that this 
phenomenon could have stimulated hepatic protein synthesis and 
hence resulted in higher liver protein levels. The results further 
indicated that liver ALP levels were comparable between animals 
supplemented with both tea fortified and plain yoghurts and 
water only. Alkaline phosphatase is a useful marker in assessing 
liver functionality; increased levels indicating a higher burden on 

A

B

Figure 3: Total protein (g/dL) in (A) serum and (B) liver homogenates of mice 
supplemented with yoghurts fortified with black, green or purple tea at 0g, 1g, 
2g and 4g /250mL (m/v) and 0*g water only for the negative controls.

Figure 5: Alkaline phosphatase in liver homogenates of mice supplemented 
with yoghurts fortified with black, green or purple tea at 0g, 1g, 2g (m/v) and 
4g/250mL (m/v) and 0*water only for the negative controls.

Figure 4: Albumin in serum of mice supplemented with yoghurts fortified with 
black, green or purple tea at concentrations of 0g, 1g, 2g and 4g/250mL (m/v) 
and 0* water only for the controls.
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the liver in terms of detoxifying consumed toxic substances or 
even acute liver damage. Therefore these results can imply that 
the tea fortified yoghurts were well tolerated by the mice and no 
signs of hepatotoxicity were apparent. 

Conclusions and Recommendations
The findings of this study suggest that consumption of black, 

green or purple tea fortified yoghurts compared to a non-fortified 
equivalent food boosts innate anti-oxidant capacity in mice. A 
confirmation of the findings using higher mammals such as non-
human primates, the use of tea to produce novel “functional” 
yoghurts and other dairy products could be justified.

Acknowledgements
The authors would like to thank the National Commission 

for Science, Technology and Innovation (NACOSTI) and Kenya 
Agricultural and Livestock Organization-Tea Research Institute 
(KALRO-TRI) for their financial support. They also thank Tom 
Adino and Kenneth Waititu of National Museums of Kenya-
Institute of Primate Research (NMK-IPR), Animal Sciences 
Department for their expert technical input in animal experiments 
and biochemical analyses respectively. 

Contributorship Statement
Ochanda SO- Was responsible for the overall content of the 

article, he participated in developing the research work and 
design. The development of the tea fortified products, conducting 
of animal research work and writing of the research article.

Rashid K- Participated in the development of the contents of 
the article and conducted the animal model studies.

Wanyoko JK- Participated in the development of the research 
project, planning of the work and proofreading the content of the 
work.

Faraj AK- Participated in the development of the research 
project and responsible for seeking funds and proofreading the 
contents of the article.

Onyango CA- Participated in the development of the research 
project, was responsible for the development of content and 
proofreading of the article.

Ngotho M- Was responsible for seeking of the permit of the work 
on mice model, provision of laboratory facilities for conducting the 
animal research work and proofreading the content. 

Maranga DN- Was responsible for conducting the mice 
research work, reporting and proofreading of the research article.

Wachira FN- Was responsible of overall coordination of the 
work between the various institutions involved in the project and 
proofreading the article.

Funding
Funding towards the project was done by the following 

institutions;

National Commission of Science Technology and Innovation 
(NACOSTI)

Kenya Agricultural and Livestock Research Organization- Tea 
Research Institute (KALRO-TRI)

References
1. Ansari MM, Kumar DS. Fortification of food and beverages with phytonutrients. 

Food and Public Health. 2012;2(6):241-253.

2. Nugent R. Chronic diseases in developing countries health and economic 
burdens. Ann N Y Acad Sci. 2008;1136:70-79. 

3. Lim SS, Vos T, Flaxman AD, Danaei G, et al. A comparative risk assessment 
of burden of disease and injury attributable to 67 risk factors and risk factor 
clusters in 21 regions, 1990-2010: a systematic analysis for the global burden 
of disease study 2010. Lancet. 2012;380(9859):2224-2260.

4. Khan N, Mukhtar H. Tea and Health: Studies in Humans. Curr Pharm Des. 
2013;19(34):6141-6147.

5. Iwalokun BA, Shittu MO. Effect of Hibiscus sabdariffa (Calyce) extract 
on biochemical and organoleptic properties of yoghurt. Pak J Nutrition. 
2007;6(2):172-182.

6. Sharangi AB. Medicinal and therapeutic potentialities of tea (Camellia 
sinensis L.): A review. Food Research International. 2009;42(5-6):529-535. 

7. Kerio LC, Bend JR, Wachira FN, Wanyoko JK, Rotich MK. Attenuation of 
t-Butylhydroperoxide induced oxidative stress in HEK 293 WT cells by tea 
catechins and anthocyanins. Journal of Toxicology and Environmental Health 
Sciences. 2011;3:367-375. 

8. Rashid K, Wachira FN, Nyabuga JN, Wanyonyi B, Murilla G, Isaac AO. 
Kenyan purple tea anthocyanins ability to cross the blood brain barrier and 
reinforce brain antioxidant capacity in mice. Nutr Neurosci. 2014;17(4)178-
185. 

9. Ochanda SO, Rashid K, Wanyoko JK, et al. Fortification of alcoholic 
beverages (12% v/v) with tea (Camellia sinensis) reduces harmful effects of 
alcohol ingestion and metabolism in mouse model. BMJ Open Gastroentorol. 
2016;3(1).

10. Cabrera C, Artacho R, Gimenez R. Beneficial effects of green tea; a review. J 
Am Coll Nutr. 2006;25(2):79-99. 

11. Martin KR, Appel CL. Polyphenols as dietary supplements: A double-edged 
sword. Nutrition and Dietary Supplements. 2009;2:1-12.

12. Fisberg M, Machado M. History of yogurt and current patterns of consumption. 
Nutr Rev. 2015;73(Suppl 1):4-7. 

13. Martins A, Barros L, Carvalho AM, et al. Phenolic extracts of Rubus ulmifolius 
Schott flowers: characterization, microencapsulation and incorporation into 
yogurts as nutraceutical sources. Food Funct. 2014;5(6):1091-1100. 

14. Ochanda SO, Wanyoko JK, Abdul KF, Onyango CA, Ruto HK. Effects of tea 
(Camellia sinensis) phytochemicals on the yoghurt cultures (Lactobacillus 
bulgaricus and Streptococcus thermophilus) during development and storage 
of tea fortified yoghurts. J Food Res. 2015;4(4):59-73.

15. Najgebauer-Lejko D, Sady M, Grega T, Walczycka M. The impact of tea 
supplementation on microflora, pH and antioxidant capacity of yoghurt. 
International dairy journal. 2011;21(8);568-574.

16. Langley-Evans SC. Consumption of black tea elicits an increase in plasma 
antioxidant potential in humans. Int J Food Sci Nutr. 2000;51(5):309-315.

17. Leenen R, Roodenburg AJ, Tijburg LB, Wiseman SA. A single dose of tea 
with or without milk increases plasma antioxidant activity in humans. Eur J 
Clin Nutr. 2000;54(1):87-92.

18. Kerio LC, Wachira FN, Wanyoko JK, Rotich MK. Characterization of 
anthocyanins in Kenyan teas: Extraction and identification. Food Chemistry. 
2012;131(1)31-38.

19. Ochanda SO, Wanyoko, JK, Onyango CA, Faraj AK, Kamunya SM. 
Screening of suitable clones for un-aerated tea production. African Journal of 
Horticultural Science. 2012;6:118-134. 

20. Karori SM, Wachira FN, Wanyoko JK, Ngure RM. Antioxidant capacity 
of different types of tea products. African Journal of Biotechnology. 
2007;6(19):2287-2296.

21. IDF. Sensory evaluation of dairy products. FIL-IDF standard no 99A, Brussels, 
Belgium: International Dairy Federation. 1987.

22. Vasilean I, Segal R, Vasile A. Obtaining fermented dairy products with the 
yogurt culture yf-l 812. AGRIS. 2011;35(1):92-99.

http://article.sapub.org/10.5923.j.fph.20120206.09.html
http://article.sapub.org/10.5923.j.fph.20120206.09.html
https://www.ncbi.nlm.nih.gov/pubmed/18579877
https://www.ncbi.nlm.nih.gov/pubmed/18579877
https://www.ncbi.nlm.nih.gov/pubmed/23245609
https://www.ncbi.nlm.nih.gov/pubmed/23245609
https://www.ncbi.nlm.nih.gov/pubmed/23245609
https://www.ncbi.nlm.nih.gov/pubmed/23245609
https://www.ncbi.nlm.nih.gov/pubmed/23448443
https://www.ncbi.nlm.nih.gov/pubmed/23448443
https://www.ncbi.nlm.nih.gov/pubmed/23883519
https://www.ncbi.nlm.nih.gov/pubmed/23883519
https://www.ncbi.nlm.nih.gov/pubmed/23883519
https://www.ncbi.nlm.nih.gov/pubmed/23883519
https://www.ncbi.nlm.nih.gov/pubmed/16582024
https://www.ncbi.nlm.nih.gov/pubmed/16582024
https://www.dovepress.com/polyphenols-as-dietary-supplements-a-double-edged-sword-peer-reviewed-article-NDS
https://www.dovepress.com/polyphenols-as-dietary-supplements-a-double-edged-sword-peer-reviewed-article-NDS
https://www.ncbi.nlm.nih.gov/pubmed/26175483
https://www.ncbi.nlm.nih.gov/pubmed/26175483
http://www.sciencedirect.com/science/article/pii/S0958694611000689
http://www.sciencedirect.com/science/article/pii/S0958694611000689
http://www.sciencedirect.com/science/article/pii/S0958694611000689
https://www.ncbi.nlm.nih.gov/pubmed/11103296
https://www.ncbi.nlm.nih.gov/pubmed/11103296
https://www.ncbi.nlm.nih.gov/pubmed/10694777
https://www.ncbi.nlm.nih.gov/pubmed/10694777
https://www.ncbi.nlm.nih.gov/pubmed/10694777
http://www.sciencedirect.com/science/article/pii/S0308814611011320
http://www.sciencedirect.com/science/article/pii/S0308814611011320
http://www.sciencedirect.com/science/article/pii/S0308814611011320
http://www.hakenya.net/ajhs/index.php/ajhs/article/view/106
http://www.hakenya.net/ajhs/index.php/ajhs/article/view/106
http://www.hakenya.net/ajhs/index.php/ajhs/article/view/106
http://agris.fao.org/agris-search/search.do?recordID=DJ2012070298
http://agris.fao.org/agris-search/search.do?recordID=DJ2012070298


Citation: Ochanda SO, Rashid K, Wanyoko JK, et al. (2017). Assessing the in-vivo Effects of Ingesting Tea Fortified Yoghurts in Murine Model

Page 9 of 9

www.scientonline.org Interdiscip J Gastroenterol Hepatol EndoscopyVolume 1 • Issue 1 • 003

23. Yam TS, Shah S, Hamilton-Miller J. Microbiological activity of whole and 
fractionated crude extracts of tea (Camellia sinensis), and of tea components. 
FEMS Microbiology Letters. 1997;152(1):169-174..

24. Close B, Banister K, Baumans V, et al. Recommendations for euthanasia of 
experimental animals: Part 1. DGXI of the European Commission. Lab Anim. 
1996;30(4):293-316. 

25. Clegg KM. The application of the anthrone reagent to the estimation of starch 
in cereals. J Sci Food Agric. 1956;7(1):40-44.

26. Laitimer GW. Official Methods of analysis of AOAC International. AOAC 
Methods. 2012. 

27. Yen GC, Duh PO. Scavenging effects of methanolic extracts of peanuts on 
free radical and active oxygen species. J Agric Food Chem. 1994;42(3):629-
632. 

28. ISO 14502-1:2005(E). Determination of substances characteristic of green 
and black tea- Part 1: Content of total polyphenols in tea- Colorimetric method 
using Folin-Ciocalteu reagent. 2005.

29. Hoff J, Rlagt LVT. Methods of blood collection in the mouse. Lab animals. 
2000;29(10):47-53.

30. Tripathi S, Srivastav AK. Liver profile of rats after long-term ingestion of 
different doses of chlorpyrifos. Pest Bioch Physiol. 2010;97(1):60-65.

31. Heikal TM, Ghanem HZ, Soliman MS. Protective effect of green tea extracts 
against dimethoate induced DNA damage and oxidant/antioxidant status in 
male rats. Biohealth Science Bulletin. 2011;3(1):1-11.

32. Rahman I, Kode A, Biswas SK. Assay for quantitative determination of 
glutathione and glutathione disulfide levels using enzymatic recycling 
method. Nature Protocols. 2006;1(6):3159-3165.

33. Motulsky HJ. Analyzing Data with GraphPad Prism. GraphPad Software Inc., 
San Diego CA. 1999.

34. Ejtahed HS, Mohtadi-Nia J, Homayouni-Rad A, Niafar M, Asghari-Jafarabadi 
M, Mofid V. Probiotic yogurt improves antioxidant status in type 2 diabetic 
patients. Nutrition. 2012;28(5):539-543.

35. Haug A, Hostmark AT, Harstad OM. Bovine milk in human nutrition–a review. 
Lipids Health Dis. 2007;6:1-16.

36. Hayes M, Stanton C, Fitzgerald GF, Ross RP. Putting microbes to work: dairy 
fermentation, cell factories and bioactive peptides. Part II: Bioactive peptide 
functions. Biotechnol J. 2007;2(4):435-449. 

37. Vasbindera AJ, de Kruif C. Casein–whey protein interactions in heated milk: 
the influence of pH. International Dairy Journal. 2003;13(8):669-677. 

38. Korir MW, Wachira FN, Wanyoko JK, Ngure RM, Khalid R. The fortification 
of tea with sweeteners and milk and its effect on in vitro antioxidant potential 
of tea product and glutathione levels in an animal model. Food Chem. 
2014;145:145-153. 

39. Abd El-Megeid AA, AbdAllah IZA, Elsadek MF, Abd El-Moneim YF. The 
protective effect of the fortified bread with green tea against chronic renal 
failure induced by excessive dietary arginine in male albino rats. World 
Journal of Dairy and Food Sciences. 2009;4(2):107-117.

40. Cabrera C, Gimenez R, Lopez, CM. Determination of tea components 
with antioxidant activity. Journal of Agriculture and Food Chemistry. 
2003;51(15):4427-4435.

41. Sharma A, Sharma MK, Kumar M. Protective effect of Mentha piperita against 
arsenic-induced toxicity in liver of Swiss albino mice. Basic Clin Pharmacol 
Toxicol. 2007;100(4):249-257.

42. Fukushima Y, Miyaguchi S, Yamano T, et al. Improvement of nutritional status 
and incidence of infection in hospitalized, enterally fed elderly by feeding of 
fermented milk containing probiotic Lactobacillus johnsonii La1 (NCC533). Br 
J Nutr. 2007;98(5):969-977. 

43. Yamori Y, Sagara M, Chen JJ, Yamano T, Fukushima Y. Immunopotentiation 
of influenza vaccination and nutritional improvement by LC1 fermented milk 
in the elderly. J Nutr Health Aging. 2004;8:448.

44. Rastmanesh R. Use of probiotics in burn patients to improve nutritional status 
and clinical outcomes: a hypothesis. International Journal of Probiotics and 
Prebiotics. 2011;6(3):159-172. 

45. Dardevet D, Kimball SR, Jefferson LS, et al. Portal infusion of amino acids is 
more efficient than peripheral infusion in stimulating liver protein synthesis at 
the same hepatic amino acid load in dogs. Am J Clin Nutr. 2008;88(4):986-996.

Copyright: © 2017 Ochanda SO, et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits 
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

http://onlinelibrary.wiley.com/doi/10.1111/j.1574-6968.1997.tb10424.x/abstract
https://www.ncbi.nlm.nih.gov/pubmed/8938617
https://www.ncbi.nlm.nih.gov/pubmed/8938617
https://www.ncbi.nlm.nih.gov/pubmed/8938617
http://onlinelibrary.wiley.com/doi/10.1002/jsfa.2740070108/abstract
http://onlinelibrary.wiley.com/doi/10.1002/jsfa.2740070108/abstract
http://www.worldcat.org/title/official-methods-of-analysis-of-aoac-international/oclc/827359950
http://www.worldcat.org/title/official-methods-of-analysis-of-aoac-international/oclc/827359950
http://pubs.acs.org/doi/abs/10.1021/jf00039a005
http://pubs.acs.org/doi/abs/10.1021/jf00039a005
http://pubs.acs.org/doi/abs/10.1021/jf00039a005
http://www.china12315.com.cn/upfiles/standard/2009/0703/200973110532619.pdf
http://www.china12315.com.cn/upfiles/standard/2009/0703/200973110532619.pdf
http://www.china12315.com.cn/upfiles/standard/2009/0703/200973110532619.pdf
http://www.osa.sunysb.edu/dlar/newitems/mouseblood.pdf
http://www.osa.sunysb.edu/dlar/newitems/mouseblood.pdf
http://www.sciencedirect.com/science/article/pii/S0048357510000027
http://www.sciencedirect.com/science/article/pii/S0048357510000027
http://www.amdi.usm.my/images/Biohealth_Science_Bulletin/archive/Vol._3_Issue_1_2011/1_Protective_effect_of_green_tea_extracts_against_dimethoate-treated_ratsnew.pdf
http://www.amdi.usm.my/images/Biohealth_Science_Bulletin/archive/Vol._3_Issue_1_2011/1_Protective_effect_of_green_tea_extracts_against_dimethoate-treated_ratsnew.pdf
http://www.amdi.usm.my/images/Biohealth_Science_Bulletin/archive/Vol._3_Issue_1_2011/1_Protective_effect_of_green_tea_extracts_against_dimethoate-treated_ratsnew.pdf
https://www.ncbi.nlm.nih.gov/pubmed/17406579
https://www.ncbi.nlm.nih.gov/pubmed/17406579
https://www.ncbi.nlm.nih.gov/pubmed/17406579
https://s3.amazonaws.com/cdn.graphpad.com/faq/1283/file/AnalyzingDataPrism3.pdf
https://s3.amazonaws.com/cdn.graphpad.com/faq/1283/file/AnalyzingDataPrism3.pdf
https://www.ncbi.nlm.nih.gov/pubmed/22129852
https://www.ncbi.nlm.nih.gov/pubmed/22129852
https://www.ncbi.nlm.nih.gov/pubmed/22129852
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2039733/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2039733/
https://www.ncbi.nlm.nih.gov/pubmed/17407211
https://www.ncbi.nlm.nih.gov/pubmed/17407211
https://www.ncbi.nlm.nih.gov/pubmed/17407211
http://www.sciencedirect.com/science/article/pii/S0958694603001201
http://www.sciencedirect.com/science/article/pii/S0958694603001201
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.544.9568&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.544.9568&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.544.9568&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.544.9568&rep=rep1&type=pdf
http://pubs.acs.org/doi/abs/10.1021/jf0300801
http://pubs.acs.org/doi/abs/10.1021/jf0300801
http://pubs.acs.org/doi/abs/10.1021/jf0300801
https://www.ncbi.nlm.nih.gov/pubmed/17371529
https://www.ncbi.nlm.nih.gov/pubmed/17371529
https://www.ncbi.nlm.nih.gov/pubmed/17371529
http://ci.nii.ac.jp/naid/10018541819/
http://ci.nii.ac.jp/naid/10018541819/
http://ci.nii.ac.jp/naid/10018541819/
https://www.ncbi.nlm.nih.gov/pubmed/18842785
https://www.ncbi.nlm.nih.gov/pubmed/18842785
https://www.ncbi.nlm.nih.gov/pubmed/18842785

	Title
	Corresponding author
	Abstract
	Introduction
	Material and Methods
	Tea Samples
	Processing of Tea for Yoghurt Fortification
	Yoghurt Development 
	Experimental Animals
	Experimental Design 
	Determination of Food Value, Antioxidant Capacities and Polyphenol Contents of Yoghurts
	Packed Cell Volume (PCV) and Body Weight (bwt)
	Liver and Blood Sample Preparation
	Glutathione (GSH) Assay
	Biochemical Analyses
	Data Analysis 

	Results
	Effects of Tea Fortified Yoghurts on Total Proteins in Serum and Liver
	Effects of Tea Fortified Yoghurts on Albumin in Serum
	Effects of Tea Fortified Yoghurts on Liver Alkaline Phosphatase (ALP)
	Effects of Tea Fortified Yoghurts on Glutathione (GSH)

	Discussion
	Conclusions and Recommendations
	Acknowledgements
	Contributorship Statement
	Funding
	References

