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Abstract

The aim of this study was to use various plants to increase the functional properties of yoghurt. The 
ethanol extracts of three different plant (Mentha piperita L., Ocimum basilicum L., and Hibiscus sabdariffa 
L.) extracts were added to the stirred type yoghurts at different ratios (0.1 %, 0.3 % and 0.5 %). The pH 
values, colour values, antioxidant activity, microbial and sensory attributes of yoghurt were evaluated on 
the storage days of 0, 7, 14, 21, and 28. The lowest pH values were found at the beginning (4.29) and at 
the end (3.95) of the storage period in samples containing 0.5 % hibiscus extract. The addition of plant 
extracts in amounts of 0.3 % and higher decreased the lightness (L*) value of yoghurt (p<0.05), and 
the maximum decrease was found in yoghurt samples containing 0.5% hibiscus ethanol extract. The 
concentrations of added mint and basil extracts increased the yellowness (b*) value (p<0.05), while the 
addition of hibiscus extract significantly increased the redness value (p<0.05). Hibiscus ethanol extract 
significantly reduced the growth of total aerobic mesophilic bacteria (TAMB), lactic acid bacteria (LAB) 
and Lactococcus/Streptococcus bacteria (p<0.05). The antioxidant activity of all samples increased with 
adding plant extracts. According to the results of sensory analysis, the addition of 0.1 % plant extracts 
to yoghurts rated higher scores than that of the control sample, but the addition of 0.3 % and 0.5 % 
ethanol extracts negatively affected the sensory properties. It can be concluded that adding plant ex-
tracts had a positive effect on the sensory and functional properties of yoghurt.
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Introduction

Yoghurt is the most widely consumed fermented 
dairy product in the world today. It has a rich con-
tent of protein, omega 3 fatty acids, vitamins and 
minerals (Gao et al., 2018; Paszczyk et al., 2020). 
Although yoghurt is usually produced by fermen-
tation with Streptococcus thermophilus and Lacto-
bacillus delbrueckii spp. bulgaricus species bacteria, 
various starter cultures can be used in yoghurt the 
production (Freitas, 2017; Yao et al., 2017; Sen-
adeera et al., 2018; Vieira et al., 2019).

Many different types of yoghurt are produced 
industrially. The most well-known of these types are 
stirred, set-style and liquid yoghurt. Also, each type 
is divided into full-fat, half-fat and non-fat class-
es according to the amount of milk fat it contains 
(Chandan and O’Rel l , 2013).

Plants are known to have significant effects on 
consumer health, including antioxidants, antimi-
crobial, anti-inflammatory and anti-carcinogenic 
(Tapsel l  et al., 2006; Akarca et al., 2019). Mint 
(Mentha spp.) is an aromatic plant that grows wide-
ly in the temperate regions of the northern hemi-
sphere (Soi lhi et al., 2019). Mint is an important 
medicinal and aromatic plant and the genus con-
tains between 25 and 30 species (Gupta et al., 
2017). Basil (Ocimum basilicum L.) is a member of 
the Lamiaceae family and is a one-year herbaceous 
plant originating in Southeast Asia. The economic 
value of the plant, which can grow indigenously as 
well as produced by cultivation, is quite high (Varga 
et al., 2017). Hibiscus (Hibiscus sabdariffa L.) is a 
plant belonging to the Malvaceae family that grows 
in tropical and sub-tropical regions and there are 
about 300 species in the genus (Wang et al., 2012; 
Akarca 2019). The plant, which has an extremely 
high economic value, is used for many different pur-
poses (carbonated / non-carbonated beverage, food 
colouring, food additives, etc.) (Hervert-Hernández 
and Goni , 2012; Sindi et al., 2014).

As consumers health concerns have increased 
in recent years, food producersʹ tendency to pro-
duce functional food products has increased as well  
(I l lupapalayam et al., 2014). In recent years, in-
terest in yoghurt as a functional food has increased 
greatly. Yoghurt has been added to various ingredi-
ents in order to enhance therapeutic, nutritional and 
sensory properties (Singh et al., 2011; Adegoke et 

al., 2013; I l lupapalayam et al., 2014). For purpose 
of increasing the sensory and functional properties 
of yoghurt, various plants have been added (Singh 
et al., 2011; Adegoke et al., 2013; I l lupapalayam 
et al., 2014)., Kumar et al. (2013) added pepper-
mint leaves to yoghurts at various rates (2 %, 4 %, 
and 6 %) and reported that 2 % participation pos-
itively affected sensory values of the samples and 
extended the shelf life of the samples by 10 days. 
In another study, Halal and Tagliazucchi (2018) 
reported that the addition of cinnamon powder to 
yoghurts increased the total phenolic content and 
radical scavenging activity. Amirdivani and Baba 
(2011) stated that the participation of the addition 
of herbal extracts to yoghurts increases the acidity 
of yoghurts by improving the activity of yoghurt fer-
mentation bacteria. The researchers reported that 
yoghurt bacteria had higher proteolytic activity in 
yoghurts with peppermint, dill and basil added. Gur-
kan and Hayaloglu (2017), on the other hand, found 
that the added basil powder and basil water extract in 
yoghurts improved sensory properties of the samples 
and increased itsʹ volatile compounds content. Kim et 
al. (2019) investigated the sensory properties of hibis-
cus added to milk, kefir and yoghurts. They reported 
that the highest sensory scores were obtained for 1 % 
hibiscus added milk samples aa well as for 2 % and  
3 % Hibiscus added yoghurt samples.

In some previous studies, mint, basil and hibiscus 
extracts were added to various dairy products alone. 
There is no study yet focused on comparing the effects 
of these three plant extracts to yoghurts and com-
paring their effects on various properties of yoghurts. 
Therefore, the main aim of the present study was to 
produce yoghurt containing ethanol extracts of three 
different plants (mint, basil and hibiscus) and investi-
gate the effect of these extracts on the acidity, colour 
values, microbial stability, sensory properties and po-
tential health effect by testing antioxidant activity. 

Materials and method

Material

Cow milk used in the production of yoghurt is pro-
vided from one of the dairy producers in Afyonkara-
hisar while the plants were provided from the Cakıro-
glu Spice Inc. (Afyonkarahisar, Turkey) company. 
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Production of yoghurts

Production of yoghurts was carried out accord-
ing to Senel et al. (2006), with some modifica-
tions. Cow milk (°SH 7.1, pH 6.4, fat 3.2 5% protein 
3.08 %, dry matter 9.75 % and density 1.028 g/mL 
was pasteurized at 85 °C for 20 min.) and cooled 
down to the incubation temperature (47 °C). Then, 
Streptococcus thermophilus (Cryofast ST051, Italy) 
and Lactobacillus delbrueckii spp. bulgaricus (Lyofast 
SP5, Italy) cultures were inoculated and mixed for 
5 min. Inoculated samples were poured into 200 g 
packages and then left to fermentation at 47 °C. 
Subsequently plant ethanol extracts of Mentha pip-
erita L. (Mint), Ocimum basilicum L. (Basil) and Hibis-
cus sabdariffa L. (Hibiscus)) were added separately 
(0.1 %, 0.3 %, and 0.5 %) and the containers were 
sealed and stored at +4 °C for 28 days.

Preparation of plant extracts

Extraction of used plants in the study was 
carried out according to Wei et al. (2011), with 
some modifications. The plants were first ground 
in a laboratory-type mill. Then, 100 g of powdered 
plants were weighed, 400 mL of 80 % ethyl alco-
hol (1:3 w/v) was added and mixtures were mixed 
in the shaker (Wiseshake SHO2D, Witeg, Germany) 
for 24 hours at 120 rpm with the mixture. At the 
end of the mixing process, the mixture was filtered 
through a sterilized 22-mm-pore filter paper (What-
man No. 22). The filtrate was then taken to a rotary 
evaporator (Heidolph Hei-VAP value, Germany) and 
the alcohol and extract were separated from each 
other at 100 rpm at 60 °C.

Physical analyses

The pH values of yoghurt samples were carried 
out using Ohaus (ST 5000, USA) while colour anal-
yses (L*, a* and b*) were carried out using a col-
orimeter (Minolta Chroma Meter CR-400, Osaka) 
according to Cappato et al (2018).

Determination of antioxidant activity 

Antioxidant activity of samples were determined 
by the DPPH (1,1-diphenyl-2-picrylhydrazyl radical) 
method. The yoghurt samples were then left at 45 °C 

for 10 minutes and then centrifuged (10 000 rpm, 
10 min, at 4 °C). Supernatant was taken and the pH 
was adjusted to 7.0 using 0.1 M NaOH. The neu-
tralized supernatant was centrifuged again (10 000 
rpm, 10 min, at 4 °C). The supernatant obtained 
was then used for analysis. 10 g of yoghurt sample 
was mixed with 2.5 ml of distilled water and 1 mL 
of 0.1 M HCL was added to the mixture and the 
pH was adjusted to 4.0. For the determination of 
antioxidant activity, 250 μL of yoghurt extract was 
added into 3 mL of 60 μL in ethanol DPPH (0.0023 
g DPPH in 100 mL of 96 % ethanol). The mixture 
was shacked and incubated at room temperature 
in a dark environment for about 30 seconds. Then 
the absorbance was read at 517 nm. The inhibition 
percent was calculated as follows (Apostol idis et 
al., 2007; Jung et al, 2016).

DPPH scavenging activity (%) =  
1 – (Asample / Acontrol) · 100

Microbiological analysis

The total aerobic mesophilic bacteria (TAMB), 
lactic acid bacteria (LAB), Lactococcus/Strepto-
coccus bacteria, lipolytic and proteolytic bacteria 
counts in yoghurt samples were determined by the 
spread plate method (ISO, 1999).

TAMB counts analysis was performed using the 
Plate Count Agar (Merck, Germany, 1.05463) (PCA) 
media. Cultivated Petri dishes were allowed to in-
cubate at 30 °C for 48-72 h under aerobic condi-
tions (ISO, 2013a; ISO, 2013b). For the enumera-
tion of lactic acid bacteria, Man Rogasa and Sharpe 
Agar (MRS) (Merck, Germany, 110660) media were 
used. Accordingly, Petri dishes were incubated in a 
jar (Merck 1.16387) under anaerobic conditions at 
30 °C for 24-48 hours (Kneifel and Berger, 1994). 
Lactococcus/Streptococcus spp. counts were deter-
mined using M-17 Agar (Merck, Germany 1.15108) 
medium. The Petri dishes were incubated at 30 °C 
for 24-48 hours under aerobic conditions (Corroler 
et al., 1998). Tributyrin Agar (Sigma-Aldrich, USA, 
91015) and Plate Count Skimmed Milk Agar (Merck, 
Germany, 1.15338) were used for lipolytic and pro-
teolytic bacterial count analyses. Cultivated Petri 
dishes were incubated at 30 °C for 48-72 h under 
aerobic conditions (Halkman and Sagdas, 2011).
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Sensory analyses

Sensory analysis of the samples was performed 
with 20 trained panellists using sensory evaluation 
scorecards. The 9-point hedonic scale was used 
in the analyses. The scale was established as; 1-3 
unacceptable, 4-5 weakly acceptable, 6-7 quite ac-
ceptable, 8-9 very good (Tomar, 2018).

Statistical evaluation

SPSS 20.0 (SPSS Inc, USA) statistical package 
program was used to statistically analyze the re-
sults. The data obtained from the analyses were 
evaluated by variance analysis technique in ran-
domized block experimental design. The Duncan 
test was used to determine the level of difference 
between groups. The analyses were performed in 
duplicate and with double parallels.

Results and discussion

The change in the pH values of yoghurt sam-
ples during storage is shown in Figure 1. It was 
determined that the pH values of yoghurt samples 
decreased during storage (p<0.05). However, there 
were no significant differences between the sam-
ples (p>0.05). It was found that adding different 
amounts of plant extracts to yoghurt samples did 

not have a significant effect on the changes in pH 
values of the samples during storage (p>0.05). At 
the beginning of storage, the lowest pH value was 
4.29 in 0.3 % and 0.5 % hibiscus extract samples 
(Figure 1). The lowest pH value (3.95) on the last 
day of the storage was determined in 0.5 % hibis-
cus extract sample (Figure 1). Similar to the results 
obtained in the present study, it was found that  
2 %, 4 % and 6 % mint addition in yoghurt pro-
duction did not significantly affect the pH value of 
yoghurt (Kumar et al., 2013).

The reason for the decrease in pH values in all 
samples during the storage period is due to the lac-
tic acid and other organic acids produced by the 
activities of the starter and non-starter bacteria in 
yogurt that can ferment lactose (Tomar, 2018).

It was determined that L* values of the samples 
(except for control) decreased (p<0.05) and the ef-
fect of the addition of plant extract at different ra-
tios on the changes in L* values of yoghurt samples 
was statistically significant (Table 1; p<0.05). The 
increase in the added extract ratio decreased the L* 
value further and the maximum decrease was 5.06 
% determined in the yoghurt sample containing 0.5 
% hibiscus extract. 

The addition of 0.1 % mint, basil and hibiscus 
extracts in yoghurt production did not cause a 
significant change in the L* values of the yoghurt 
samples (p>0.05) (Table 1). However, it was found 
that 0.3 % and 0.5 % basil and hibiscus extract 

figUre 1. Changes in the pH values of samples during storage
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table 1. L*, a* and b* values of the yoghurt samples during storage time (n=3)

Analysis Sample Storage period

Day 0 Day 7 Day 14 Day 21 Day 28

L*
 V

al
ue

Control 90.90±0.10aAB 90.75±0.87aA 90.99±1.32aA 90.95±1.39aA 91.00±1.32aA

0.1 % Mint 90.24±1.09aAB 89.10±0.54aA 88.89±2.87aA 87.52±4.09aA 89.94±2.87aA

0.3 % Mint 88.69±1.70abCD 90.89±0.43aA 89.24±1.29abA 87.87±0.78bA 87.28±1.29bAB

0.5 % Mint 87.05±0.68abEF 90.22±0.10aA 87.25±0.86abB 86.02±3.50abB 87.23±0.86bAB

0.1 % Basil 90.09±0.67aAB 85.78±1.32aCD 89.84±1.03aA 88.53±3.40aA 89.13±1.03aA

0.3 % Basil 89.60±0.26aC 86.89±4.50aBCD 85.64±5.48aB 89.34±2.35aA 89.03±5.48aAB

0.5 % Basil 89.59±0.89aCD 84.38±0.16bD 85.11±4.75ab B 89.37±0.94abA 86.86±4.75abB

0.1 % Hibiscus 91.12±0.40aA 89.32±1.86aAB 81.94±10.49aA 89.46±1.29aA 87.14±10.49aA

0.3 % Hibiscus 88.49±0.01aDE 90.75±0.30aA 87.58±1.58aA 84.79±6.63aB 87.07±1.58aAB

0.5 % Hibiscus 86.92±0.10aF 88.17±0.47aBC 85.91±0.63aB 85.39±3.44aB 81.86±0.63aC

a*
 V

al
ue

Control 1.74±0.10bD 2.01±0.16aD 1.71±0.12bD 1.64±0.04bD 1.83±0.12abD

0.1 % Mint 1.12±0.13bE 0.92±0.20bE 0.97±0.05bE 1.48±0.11aDE 1.66±0.05aDE

0.3 % Mint 0.29±0.08cG 0.24±0.04cEF 0.40±0.09cF 0.81±0.11bF 1.15±0.09aE

0.5 % Mint -0.72±0.08bH -0.45±0.25bF -0.57±0.05bH -0.20±0.09aG 0.03±0.05aF

0.1 % Basil 1.03±0.12bcEF 1.12±0.16bcE 0.83±0.08cE 1.20±0.16bEF 1.56±0.08aDE

0.3 % Basil 0.82±0.03bF 0.78±2.43bE 0.68±0.23bEF 1.24±0.12aE 1.37±0.23aE

0.5 % Basil -0.50±0.06bH -0.24±0.80abE -0.13±0.34abG 0.14±0.11bG 0.15±0.34bF

0.1 % Hibiscus 3.37±0.06aC 3.17±1.44bC 2.89±0.23aC 3.11±0.21abC 3.44±0.23aC

0.3 % Hibiscus 5.04±0.35aB 4.53±0.08bB 4.78±0.10abB 4.79±0.16abB 5.26±0.10aB

0.5 % Hibiscus 6.66±0.16aA 6.65±0.36aA 6.62±0.03aA 6.53±0.34aA 6.68±0.03aA

b*
 V

al
ue

Control 1.93±0.08aE 1.47±0.08bE 1.93±0.26aD 1.84±0.21abD 2.22±0.26aD

0.1 % Mint 3.35±0.12abD 3.83±1.66abC 4.01±0.16aC 3.17±0.66bC 3.79±0.16abC

0.3 % Mint 5.44±0.34aC 5.59±0.09aB 5.75±0.25aB 5.36±0.28aB 5.90±0.25aB

0.5 % Mint 8.15±0.06bA 8.03±0.26bA 8.76±0.03abA 8.87±0.61aA 8.66±0.03abA

0.1 % Basil 3.18±0.23aD 3.15±0.36aCD 3.14±0.60aC 3.24±0.46aC 3.37±0.60aC

0.3 % Basil 3.19±0.28aD 2.84±0.02aB 3.46±0.66aC 3.03±0.35aC 3.60±0.66aC

0.5 % Basil 5.90±0.01aB 5.76±0.76aE 5.68±0.82aB 5.86±0.31aB 6.45±0.82aB

0.1 % Hibiscus 0.82±0.11bF 1.27±0.37abE 1.47±0.60abDE 1.72±0.40aDE 1.23±0.60aDE

0.3 % Hibiscus 0.78±0.16aF 0.94±0.73aE 0.95±0.25aDE 0.81±0.30aEF 1.01±0.25aEF

0.5 % Hibiscus 0.26±0.23bG 0.69±0.40aE 0.78±0.22a E 0.68±0.15aF 0.76±0.22aF

(Mean ± standard deviation) Different lower-case letters in the same row and different upper-case letters in the same column 
indicate statistically significant differences (p<0.05)
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significantly decreased the L value of the yoghurt 
(p<0.05). Similar to the results obtained in the pres-
ent study, Sisman (2009) stated that the addition 
of 0.7 % and 1.0 % mint in strained yoghurt de-
creased the L* value (Table 1). 

The a* values of all samples increased during 
storage (Table 1; p<0.05). The highest a* value 
in the first and the last days of the storage were 
1.74 and 1.83, respectively in the control sample, 
whereas the lowest a* values were -0.72 and 0.03, 
respectively, in the sample containing 0.05 % mint 
extract. The use of mint and basil extract in yoghurt 
samples decreased a* value compared to the con-
trol group samples (p<0.05). As the concentrations 
of mint and basil extracts increased, there was a 
significant change towards green colour (p<0.05). 
The addition of hibiscus extract to yoghurt samples 
increased the redness value significantly (p<0.05). 
As the concentration of hibiscus extract increased, 
the colour of yoghurt samples showed significant 
changes towards red colour (p<0.05). The increase 
in α* was thought to be due to anthocyanin’s found 
in hibiscus.

It was determined that there was an increase 
in b* values of yoghurt samples during the storage 
period (Table 1; p<0.05). The sample with the high-
est b* value increase was the sample containing 0.5 
% basil extract. This sample was followed by 0.5 
% mint and 0.5 % hibiscus extracts with 0.51 and 

0.50, respectively. The use of mint and basil extract 
in yoghurt production decreased b* value compared 
to the control group samples significantly (p<0.05). 
As the concentrations of mint and basil extracts 
increased, there was a significant change towards 
yellow colour (p<0.05). Hibiscus extract addition to 
yoghurt samples decreased the b* values. As the 
concentration of hibiscus extract increased, the col-
our of yoghurt samples showed significant changes 
towards blue colour (p<0.05). The increase in b* was 
thought to be due to chlorophyll found in the extracts.

The reason for the changes in L *, a * and b * val-
ues in yogurt samples during storage may be due to 
the breakdown of colour pigments and polyphenolic 
components with an increase in organic acid con-
centration (decrease in pH value) (Watawana et 
al., 2018). 

The change in the antioxidant values of the 2-di-
phenyl-1-picrihydrazyl (DPPH) radical scavenging 
capacity of the samples during storage is shown in 
Figure 2. Yoghurt has been reported to have antiox-
idant activity due to bioactive peptides formed by 
fermentation (Yerl ikaya et al., 2011).

The antioxidant activity (DPPH) values of yo-
ghurt samples increased in the first seven days of 
storage and decreased in the following days (Fig-
ure 2; p<0.05). It was determined that antioxidant 
activity values of the samples produced by adding 
mint extract during storage were higher than those 

figUre 2. Inhibitory percent of DPPH yoghurt samples during storage



41

O
. Tom

ar et al.: The eff
ects of m

int, basil and hibiscus extracts on stirred yoghurt, M
ljekarstvo 71 (1), 35-48 (2021)

table 2. TAMB, LAB and Lactococcus/Streptococcus counts (log cfu/g) of yoghurt samples during storage
A

na
ly

si
s Sample Storage period

Day 0 Day 7 Day 14 Day 21 Day 28

TA
M

B
 c

ou
nt

s

Control 5.45±0.02aA 5.34±0.02aAB 5.18±0.04bAB 5.15±0.05bA 5.11±0.04bA

0.1 % Mint 5.45±0.04aA 5.38±0.01abA 5.29±0.03bA 5.13±0.03cA 5.09±0.02cA

0.3 % Mint 5.45±0.02aA 5.37±0.01aA 5.27±0.04bA 5.13±0.01cbA 5.07±0.03cA

0.5 % Mint 5.43±0.01aA 5.25±0.02bABC 5.04±0.02cABC 5.00±0.01cAB 4.93±0.04dAB

0.1 % Basil 5.44±0.02aA 5.32±0.02abAB 5.23±0.06bcAB 5.07±0.06cAB 4.90±0.08dAB

0.3 % Basil 5.36±0.06aABC 5.34±0.05aAB 5.19±0.15abAB 4.95±0.02bAB 4.88±0.04cAB

0.5 % Basil 5.42±0.07aAB 5.39±0.08aA 4.99±0.03bBC 4.84±0.07bAB 4.78±0.06cB

0.1 % Hibiscus 5.29±0.03aBC 5.22±0.01aBC 4.62±0.09bD 4.48±0.21cD 4.45±0.02cD

0.3 % Hibiscus 5.28±0.02aC 5.11±0.01bCD 4.88±0.06cC 4.74±0.02cBC 4.65±0.10cCB

0.5 % Hibiscus 5.23±0.02aC 5.02±0.05abD 4.83±0.05bCD 4.47±0.04cC 4.41±0.09cC

LA
B

 c
ou

nt
s

Control 5.11±0.05aAB 5.04±0.03abAB 4.78±0.14bA 4.73±0.05bA 4.70±0.07cAB

0.1 % Mint 5.12±0.01aAB 5.06±0.03aAB 4.91±0.05bA 4.78±0.02cA 4.62±0.03dB

0.3 % Mint 5.07±0.03aAB 4.98±0.01aAB 4.92±0.02bA 4.77±0.03cA 4.60±0.05dAB

0.5 % Mint 5.06±0.04aAB 5.04±0.01aAB 4.84±0.06aA 4.47±0.15bA 4.43±0.05bC

0.1 % Basil 5.11±0.05aAB 5.07±0.07abAB 4.93±0.07bA 4.93±0.02bA 4.88±0.06cA

0.3 % Basil 5.16±0.06aAB 5.05±0.03aA 4.84±0.03bA 4.67±0.06bA 4.62±0.12cB

0.5 % Basil 5.13±0.04aAB 5.05±0.03aAB 4.74±0.26bA 4.67±0.33bcA 4.55±0.07cBC

0.1 % Hibiscus 5.09±0.07aA 5.05±0.08aAB 4.75±0.10bA 3.04±0.14cBC 2.98±0.05dD

0.3 % Hibiscus 5.01±0.01aAB 4.97±0.06aAB 4.81±0.00bA 3.04±0.02cB 2.85±0.05dE

0.5 % Hibiscus 4.99±0.01aB 4.90±0.02aB 4.28±0.14bB 2.53±0.04cC 2.33±0.04dF

La
ct

oc
oc

cu
s/

St
re

pt
oc

oc
cu

s 
co

un
ts

Control 4.61±0.02aA 4.35±0.04bA 4.25±0.03bcA 4.16±0.06cAB 4.11±0.08dAB

0.1 % Mint 4.53±0.08aAB 4.38±0.05abA 4.28±0.03abA 4.12±0.12bAB 4.06±0.09cAB

0.3 % Mint 4.55±0.01aAB 4.45±0.01abA 4.34±0.03bA 4.16±0.06cAB 3.98±0.11dAB

0.5 % Mint 4.51±0.01aAB 4.30±0.03aAB 3.63±0.07bAB 3.14±0.09cBC 3.83±0.03dAB

0.1 % Basil 4.42±0.06aABC 4.45±0.00aA 4.40±0.02aA 4.29±0.05aAB 4.06±0.10dAB

0.3 % Basil 4.30±0.05aBCD 4.28±0.04aAB 4.50±0.67aA 4.76±0.15aA 3.91±0.08cAB

0.5 % Basil 4.40±0.02aABCD 4.08±0.14abBC 3.68±0.28bA 3.49±0.08bABC 3.76±0.06dAB

0.1 % Hibiscus 4.34±0.08aABCD 4.23±0.02aAB 3.98±0.05bA 3.71±0.08cAB 3.56±0.05dAB

0.3 % Hibiscus 4.14±0.12aCD 3.86±0.09abCD 3.56±0.17bAB 2.15±0.18cCD 2.06±0.09dAB

0.5 % Hibiscus 4.12±0.15aD 3.70±0.02bD 2.69±0.08cbB 0.78±1.11dD 0.16±0.02eAB

TAMB: Total aerobic mesophilic bacteria (Mean ± standard deviation), LAB: Lactic acid bacteria, (Mean ± standard deviation) 
Different lower-case letters in the same row and different upper-case letters in the same column indicate statistically significant 
differences (p<0.05)

of the other samples and the antioxidant activity 
value increased with the increasing ratio of mint 
extract (p<0.05). Similarly, Amirdivani and Baba 
(2011) reported that yogurt samples with plant 
extract added had higher antioxidant activity. The 
researchers stated that the presence of higher an-
tioxidant activity in the samples containing plant 

extract may depend on the phytochemical content 
and microbial metabolic activity of the plants. On 
the 0th and 28th days of the storage, it was deter-
mined that the 0.5 % mint extract samples had 
the highest antioxidant activity with 85.13 % and 
78.19%, respectively. Ismail et al. (2004) reported 
that they detected high amounts of α-tocopherol, 
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table 3. Proteolytic and lipolytic bacteria counts of yoghurt samples during storage (log cfu/g)
A

na
ly

si
s Sample Storage period

Day 0 Day 7 Day 14 Day 21 Day 28

Pr
ot

eo
ly

tic
 b

ac
te

ria
 c

ou
nt

s

Control 3.72±0.17aA 3.45±0.21abA 2.92±0.11bcA 2.69±0.12cA 2.36±0.12dA

0.1 % Mint 2.74±0.06aB 2.69±0.01aBC 2.29±0.02bA 0.00±0.00cC 0.00±0.00cC

0.3 % Mint 2.77±0.03aB 2.26±0.08bCD 1.60±0.03cAB 0.00±0.00dC 0.00±0.00dC

0.5 % Mint 2.66±0.03aB 1.56±0.08bE 0.00±0.00cC 0.00±0.00cC 0.00±0.00cC

0.1 % Basil 2.85±0.08aB 2.89±0.07aB 2.69±0.04aA 1.53±0.07bB 1.31±0.06cB

0.3 % Basil 2.78±0.03aB 2.81±0.03aB 2.06±0.12bAB 1.75±0.18bB 1.68±0.12cB

0.5 % Basil 2.86±0.11aB 2.56±0.26aBC 0.81±1.14abBC 0.00±0.00bC 0.00±0.00cC

0.1 % Hibiscus 2.76±0.04aB 1.95±0.19bDE 0.00±0.00cC 0.00±0.00cC 0.00±0.00dC

0.3 % Hibiscus 2.60±0.09aBC 1.49±0.02bE 0.00±0.00cC 0.00±0.00cC 0.00±0.00cC

0.5 % Hibiscus 2.23±0.16aC 0.00±0.00bF 0.00±0.00bC 0.00±0.00bC 0.00±0.00cC

Li
po

ly
tic

 b
ac

te
ria

 c
ou

nt
s

Control 4.06±0.03aA 4.00±0.00aA 3.97±0.10abA 3.78±0.25bA 3.43±0.15bB

0.1 % Mint 3.48±0.19aCD 3.45±0.08aC 3.20±0.08abA 2.83±0.05bB 2.57±0.08cB

0.3 % Mint 3.59±0.05aBCD 3.39±0.06abC 3.15±0.15bA 3.04±0.06bB 2.91±0.05cB

0.5 % Mint 3.49±0.09aCD 2.93±0.15bD 1.73±0.08cB 0.00±0.00dD 0.00±0.00dD

0.1 % Basil 3.50±0.20aCD 3.54±0.04aBC 3.41±0.05aA 3.21±0.04aAB 3.01±0.14bAB

0.3 % Basil 3.76±0.05aABC 3.68±0.10abBC 3.61±0.13abA 2.94±0.12bB 2.76±0.09bAB

0.5 % Basil 3.92±0.09aAB 3.80±0.01abAB 3.15±0.24bA 1.67±0.18cBC 1.32±0.08dBC

0.1 % Hibiscus 3.38±0.10aCD 2.13±0.05abE 1.59±0.05abB 0.74±1.04bCD 0.00±0.00bD

0.3 % Hibiscus 3.25±0.01aD 1.84±0.03abEF 0.74±1.04bBC 0.00±0.00bD 0.00±0.00cD

0.5 % Hibiscus 3.21±0.02aD 1.60±0.11bF 0.00±0.00cC 0.00±0.00cD 0.00±0.00cD

(Mean ± standard deviation) Different lower-case letters in the same row and different upper-case letters in the same column 
indicate statistically significant differences (p<0.05)

β-carotene and ferulic acid with antioxidant activity 
in peppermint composition. 

After the 7th day of storage, the antioxidant ac-
tivity of the samples decreased. Yi ldiz and Eydu-
ran (2009) attributed this decrease in antioxidant 
activity to degradation in phenolic compounds with 
antioxidant activity, while Yüksel et al. (2010) at-
tributed an increase in protein-polyphenol interac-
tion. Depending on this situation, it is suggested 
that it will be appropriate to consume these yogurts 
within seven days in order to health benefit from 
yoghurt with herbal extract.

Total aerobic mesophilic bacteria (TAMB) counts 
of all samples decreased during storage (Table 2; 
p<0.05). Hibiscus extract was found to be the most 

effective on the TAMB counts in all the plant ex-
tracts used in the yoghurt production. The increase 
in the extract ratio added to the yoghurt showed 
a significant effect on the decrease in the TAMB 
counts (p<0.05).

Immediately after yoghurt production, the 
TAMB counts did not change significantly with the 
addition of plant extracts in yoghurt (p>0.05). At the 
end of storage, samples containing 0.5 % basil and 
0.1 %, 0.3 % and 0.5 % hibiscus were found to have 
significantly lower TAMB counts compared to those 
of the other samples (p<0.05). At the end of the 
storage period, the lowest TAMB counts was 4.41 
log cfu/g determined in the samples added g 0.5 % 
hibiscus extract whereas the highest TAMB counts 
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were determined in the control sample with 5.11 
log cfu/g.

Lactic acid bacteria count of all yoghurt sam-
ples decreased during storage (Table 2; p<0.05). 
Compared to other plant extracts, the lactic acid 
bacteria count of the samples containing hibiscus 
extract were significantly lower (p<0.05). In addi-
tion, the number of lactic acid bacteria decreased 
as the ratio of extract increased (p<0.05). At the 
beginning and at the end of storage, the lowest lac-
tic acid bacteria counts were found in the samples 
containing 0.5 % hibiscus extract with 4.99 and 
2.33 log cfu/g, respectively.

During the 28-day storage period, Lactococcus/
Streptococcus counts decreased (Table 2; p<0.05). 
As the ratio of plant extract added to the sam-
ples increased, Lactococcus/Streptococcus counts 
decreased (p<0.05). Lactococcus/Streptococcus 
counts were found to be significantly lower in sam-
ples containing 0.5 % mint, 0.5 % basil, 0.3 % and  
0.5 % hibiscus extracts at the end of storage period 
(p<0.05). The highest decrease during the storage 
period was found in the yoghurt samples produced 
by adding Hibiscus extract (p<0.05). Compared to 
mint and basil extracts, hibiscus extract was more 
effective in decreasing the Lactococcus/Streptococ-
cus counts. At the end of storage, the lowest Lac-
tococcus / Streptococcus bacteria count was 0.16 
log cfu/g, determined in 0.5 % hibiscus extract. 
Simsek et al. (2007) have reported Lactobacillus/
Streptococcus counts at the end of storage in yo-
ghurt samples containing 0.5 % and 0.2 % mint as 
4-5 log cfu/g.

Proteolytic bacteria count of yoghurt samples 
decreased during storage (Table 3; p<0.05). At the 
end of the storage period, the highest proteolytic 
bacteria count was found to be 2.36 log cfu/g, in 
the control sample. Among the three different plant 
extracts used in the production of yoghurt, it was 
determined that the extract which halted the pro-
teolytic bacterial growth in the fastest way was hi-
biscus extract and mint and basil followed hibiscus 
respectively.

Especially, the increase in concentration was 
found to inhibit proteolytic bacteria growth at a 
higher level (p<0.05). Proteolytic bacteria were not 
detected after 7 days of storage in samples con-
taining 0.5 % hibiscus extract, while proteolytic bac-
teria were not detected after 14 days of storage in 

samples containing 0.1 % and 0.3 % hibiscus and 
0.5 % mint extracts.

The count of lipolytic bacteria decreased in all 
samples during storage (Table 3; p<0.05). How-
ever, lipolytic bacteria were less affected by plant 
extracts immediately after production compared 
to proteolytic bacteria. Yoghurt samples contain-
ing mint, basil, hibiscus extracts were found to 
contain significantly lower lipolytic bacteria counts 
during storage compared to those of the control 
group samples (p<0.05). The lowest decrease was 
detected in the control sample during the 28-day 
storage whereas the highest decrease was found 
in the yoghurt sample containing 0.5 % hibiscus ex-
tract. Lipolytic bacteria could not be detected after 
14 days of storage in yoghurt samples containing 
0.5% hibiscus extract, and after 21 days of storage 
in yoghurt samples containing 0.3 % hibiscus and 
0.5 % mint. Compared to peppermint and basil ex-
tracts, hibiscus extract had a higher inhibitory effect 
on lipolytic bacteria. On the 28th day of the storage, 
it was determined that lipolytic bacteria counts 
decreased to 0 log cfu/g in all samples containing 
hibiscus extract (p<0.05). The effect of hibiscus ex-
tract on the lipolytic bacteria was followed by mint 
and basil extract was not as effective as the other 
two extracts even at the highest concentration. In 
addition, the effect of the increase in the ratio of 
the extract on lipolytic bacteria was found to be 
more effective in a shorter time (p<0.05).

The detection of a lower number of microor-
ganisms in samples containing Hibiscus may have 
been due to the antimicrobial effective compounds 
in the hibiscus. The presence and quantities of al-
kaloids, phenolic compounds, flavonoids, cyanidins 
and saponins found in Hibiscus surattensis L. was 
demonstrated with previously performed studies 
(Abdallah, 2016). Akarca (2019) reported that 
hibiscus has antibacterial activity due to β-caryo-
phyllene, menthol, methyl salicylate, camphor and 
germacrene and hibiscus essential oil, had higher 
antibacterial effect against many foodborne path-
ogens. Patel et al. (2012) reported that Hibiscus 
extracts are effective against various pathogens. 

Yoghurt can easily be contaminated with micro-
organisms from equipment used in different stages 
of production, packaging material and air. These 
contaminating microorganisms proliferate during 
storage and adversely affect product quality and 
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reduce shelf life. The main bacteria that affect the 
microbiological quality of the product are lipolytic 
and proteolytic bacteria. These bacteria cause ran-
cid deterioration as a result of lipolytic activity and 
yeasty bitter flavor and gas formation as a result 
of the proteolytic activity causing quality losses in 
yoghurt (Harasawa et al., 1998; Gurakan, 2010).

Hibiscus extract significantly reduced the de-
velopment of TAMB, LAB and Lactococcus/Strepto-
coccus bacteria, hibiscus was followed by mint and 
basil extracts. Lipolytic and proteolytic bacterial 
growth was significantly reduced by the addition 
of plant extracts. The most effective plant extract 
against these bacteria was hibiscus, followed by 

table 4. Sensory scores of yoghurt samples during storage (day)

Samples

Control 0.1 %  
Mint

0.3 %  
Mint

0.5 %  
Mint

0.1 %  
Basil

0.3 %  
Basil

0.5 %  
Basil

0.1 % 
Hibiscus

0.3 %  
Hibiscus

0.5 %  
Hibiscus

Appearance

0 8.82±0.16a 8.73±0.08a 7.02±0.26a 5.27±0.48a 8.31±0.16a 6.86±0.31a 4.77±0.14a 8.78±0.18a 7.27±0.17a 6.13±0.19a

7 8.76±0.43a 8.51±0.13a 6.62±0.09b 4.38±0.29b 8.16±0.25ab 6.31±0.11b 3.68±0.18b 8.64±0.21ab 7.02±0.15b 5.42±0.14b

14 8.12±0.12b 7.92±0.16b 5.74±0.22c 3.86±0.23c 7.71±0.19b 5.54±0.12c 3.13±0.33c 8.12±0.07b 6.59±0.12c 5.01±0.08c

21 7.80±0.28c 7.33±0.13c 5.52±0.14cd 3.38±0.23cd 7.16±0.43c 5.31±0.22cd 2.98±0.45cd 7.74±0.11bc 6.50±0.24c 4.52±0.11cd

28 6.92±0.13d 6.65±0.10d 5.32±0.23d 3.22±0.36d 6.41±0.13d 5.02±0.13d 2.82±0.31d 7.05±0.16c 5.48±0.13d 4.18±0.32d

Taste and odor

0 8.02±0.55a 8.32±0.33a 7.02±0.27b 5.52±0.32b 7.73±0.21ab 6.41±0.32a 4.46±0.35a 8.55±0.27a 7.13±0.36a 4.06±0.15a

7 7.94±0.36ab 8.16±0.26ab 7.11±0.16a 5.54±0.12a 7.81±0.17a 6.50±0.13a 4.50±0.34a 8.62±0.21a 7.18±0.19a 4.11±0.04a

14 7.66±0.41b 8.02±0.38b 5.75±0.28c 4.15±0.17c 7.55±0.35b 5.05±0.22b 3.25±0.12b 8.11±0.33b 6.61±0.25b 3.62±0.22b

21 6.91±0.66c 7.71±0.38c 5.13±0.41cd 3.82±0.34cd 7.23±0.28c 4.86±0.37bc 3.08±0.25b 7.84±0.18c 6.03±0.20c 3.14±0.32c

28 6.34±0.26d 6.84±0.33d 4.64±0.31d 3.32±0.44d 6.81±0.21d 4.12±0.14c 2.74±0.24c 7.26±0.23d 5.42±0.11d 2.61±0.44d

Texture

0 8.42±0.22a 8.13±0.06a 7.42±0.13a 7.04±0.10a 7.83±0.11a 7.15±0.06a 6.71±0.14a 8.33±0.16ab 7.92±0.07ab 7.36±0.11b

7 8.46±0.03a 8.22±0.18a 7.47±0.11b 7.06±0.09b 7.92±0.14a 7.17±0.15a 6.76±0.16a 8.42±0.12a 8.04±0.06a 7.64±0.24ba

14 8.24±0.22b 8.02±0.06b 6.36±0.12c 5.84±0.13b 7.58±0.14b 6.08±0.13b 5.12±0.06b 8.16±0.10b 7.53±0.05b 6.64±0.16c

21 7.40±0.08c 7.27±0.11c 6.21±0.08cd 5.28±0.03c 7.04±0.10c 5.62±0.05c 4.68±0.013c 7.77±0.21c 6.92±0.12c 5.88±0.08d

28 7.04±0.32d 6.74±0.12d 5.76±0.07d 4.91±0.06d 6.34±0.08d 5.04±0.09d 4.11±0.06d 7.14±0.16d 6.16±0.12d 5.21±0.16e

General appreciation

0 8.54±0.14a 8.36±0.05a 6.15±0.06a 5.33±0.18a 8.27±0.10a 7.16±0.11a 5.17±0.08a 8.48±0.15a 6.36±0.09a 5.54±0.05a

7 8.61±0.21a 8.42±0.12a 6.15±0.05a 4.56±0.19b 8.29±0.15a 7.21±0.08a 5.17±0.12a 8.53±0.14a 6.35±0.13a 5.56±0.13a

14 8.03±0.09b 7.96±0.06b 5.54±0.04b 4.06±0.13c 7.65±0.09b 5.16±0.12b 4.23±0.13b 8.16±0.08b 6.11±0.08b 4.27±0.09b

21 7.52±0.07c 7.41±0.03c 4.61±0.10c 3.64±0.09c 7.32±0.13c 4.27±0.07c 3.91±0.05c 8.01±0.14c 5.31±0.18c 3.79±0.014c

28 6.82±0.06d 6.54±0.12d 4.42±0.014d 3.52±0.06c 6.11±0.08d 4.02±0.11d 3.12±0.06d 7.04±0.06d 4.76±0.013d 3.61±0.07d

(Mean ± standard deviation) Different lower-case letters in the same row and different upper-case letters in the same column 
indicate statistically significant differences (p<0.05)
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mint whereas the least effective extract was basil 
extract. 

The results of sensory analysis of yoghurt sam-
ples by the panellists during the 28 day storage are 
given in Table 4. Appearance scores increased in 
the first seven days of storage however decreased 
in the following days (p<0.05). The sample with the 
highest appearance scores at the beginning and 
the end of storage was the control sample. The 
samples with the highest appearance scores fol-
lowing the control sample were those containing 
0.1 % hibiscus, 0.1 % mint and 0.1 % basil extracts, 
respectively. Appearance scores decreased with the 
increasing ratios of extract added to the samples 
(p<0.05). 

Although taste and aroma scores increased in 
the first 7 days of storage, they decreased in the 
following days (p<0.05). The highest taste and aro-
ma points at the beginning and the end of storage 
were determined in the samples containing 0.1 % 
hibiscus extract with 8.55 and 7.26, respectively. 
This was followed by the samples containing 0.1 % 
mint extract with 8.32 and 6.84, respectively. 

Unlike the other two extracts, yoghurt samples 
containing 0.1 % basil extract received lower taste 
and aroma scores. In addition, the increase in the 
ratio of extract had a negative effect on taste and 
aroma scores (p<0.05). The samples with the low-
est taste and aroma scores were the samples con-
taining 0.5 % extract.

The sensory scores increased in the first 7 days 
of the storage however decreased in the following 
days (p<0.05). On the first and last day of storage, 
the highest texture score was obtained from the 
control sample with 8.42 and 7.04, respectively. The 
lowest texture score was obtained from the sam-
ple containing 0.5 % extract with 6.71 and 4.11, 
respectively. The control sample was followed by 
0.1 % hibiscus, 0.1 % mint and 0.1 % basil sam-
ples (p<0.05). It was determined that texture scores 
decreased with increasing ratio of extract (p<0.05).

General evaluation scores of yoghurt samples 
increased in the first 7 days of storage however they 
decreased in the following days (p<0.05). The low-
est decrease during storage was 1.44, determined 
in 0.1 % hibiscus whereas the highest decrease was 
0.3 % determined in basil extract. The control sam-
ples received the highest sensory scores, followed 
by the samples containing 0.1 % hibiscus and 0.1 % 

mint extracts, respectively. On the other hand, the 
samples with the lowest sensory score were the 
samples containing 0.5 % basil extract. As in other 
sensory scores, the increase in the ratio of extract 
decreased the general evaluation scores (p<0.05).

Conclusion

In this study-it was found that the addition of 
plant extracts increased the antioxidant activi-
ty of yoghurt samples. Higher antioxidant activity 
was measured in samples with mint extract. Plant 
extracts partially affected the colour values of yo-
ghurts. Additionally, plant extracts affected the mi-
crobial counts of the samples. Especially in samples 
containing basil and hibiscus, lower bacteria counts 
were found. 

The most important point in the addition of herb-
al extracts to yoghurt samples was their effects on 
the sensory properties of the samples. According 
to the results of sensory analysis, the addition of 
0.1 % plant extracts to yoghurts rated higher scores 
than that of the control sample, but the addition of 
0.3 % and 0.5 % extracts negatively affected the 
sensory properties. It can be concluded that adding 
plant extracts had a positive effect on the senso-
ry and functional properties of yoghurt. Therefore, 
the addition of mint, hibiscus or basil extracts to 
yoghurt is recommended, as this has the potential 
to be further developed for consumers as a func-
tional yoghurt with antioxidant properties. Yoghurt 
producers may use different plants to increase the 
sensory and functional properties of yoghurt with 
reference to this study. Thus, it is possible to pro-
duce high quality products with increased consumer 
appreciation. In addition, increasing the antioxidant 
activity of yoghurt will further enhance the current 
positive effects of yoghurt on health.



46

O
. Tom

ar et al.: The eff
ects of m

int, basil and hibiscus extracts on stirred yoghurt, M
ljekarstvo 71 (1), 35-48 (2021)

Utjecaj dodatka biljnih ekstrakata na antioksidacijski potencijal, 
mikrobiološka i senzorska svojstva tekućeg jogurta

Sažetak

Cilj ovog istraživanja bio je ispitati mogućnost dodatka različitih biljnih ekstakata radi poboljšanja 
funkcionalnih svojstava jogurta. Tekućem jogurtu dodavani su etanolni ekstrakti triju različitih biljnih 
vrsta (Mentha piperita L., Ocimum basilicum L. i Hibiscus sabdariffa L.) u različitim omjerima (0,1 %, 
0,3 % i 0,5 %). Svim uzorcima jogurta određivani su pH vrijednost, parametri boje, antioksidacijski 
potencjal, mikrobiološka i senzorska svojstva tijekom perioda čuvanja (0, 7, 14, 21 i 28 dan). Najniže 
pH vrijednosti utvrđene su na početku (4,29) i na kraju (3,95) skladištenja u uzorcima koji sadrže 0,5 % 
ekstrakta hibiskusa. Dodavanje biljnih ekstrakata u količini 0,3 % i više smanjilo je vrijednost svjetline 
(L *) jogurta (p<0,05), a maksimalno smanjenje zabilježeno je u uzorcima jogurta koji sadrže 0,5 % 
etanolnog ekstrakta hibiskusa. Veće koncentracije dodanih ekstrakta metvice i bosiljka povećavale  su 
vrijednost žutine (b *) (p<0,05), a dodavanje ekstrakta hibiskusa značajno je povećalo vrijednost crvenila 
(p <0,05). Etanolni ekstrakt hibiskusa značajno je smanjio rast ukupnih aerobnih mezofilnih bakterija 
(TAMB), bakterija mliječne kiseline (LAB) te laktokoka i streptokoka (p<0,05). Antioksidativni potencijal 
svih uzoraka povećala se dodatkom biljnog ekstrakta. Prema rezultatima senzorske analize, dodavanje 
0,1 % biljnih ekstrakata jogurtima ocijenjeno je višim rezultatima od kontrolnog uzorka, ali dodavanje 
0,3 % i 0,5 % ekstrakta negativno je utjecalo na senzorska svojstva. Može se zaključiti da je dodavanje 
biljnih ekstrakata pozitivno utjecalo na senzorska i funkcionalna svojstva jogurta.

Ključne riječi: jogurt; biljni ekstrakt; antioksidativni potencijal; boja
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