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Abstract: The objective of this research was to determine changes in microbial flora and functional properties of
yoghurts containing lavender powder at rates of 0.010, 0.025, 0.050 and 0.075%. The effect of lavender powder
on the potential flora during fermentation was determined, furthermore, alterations in microbiological properties
of yoghurts were examined during the storage period (1 d, 7 d and 14 d). Yoghurt samples containing 0.010, 0.025,
0.050 and 0.075% lavender powder, were coded Al, A2, A3, and A4, respectively. Streptococcal counts were
8.89+0.21, 8.71+0.09, 8.77+0.13, 8.66+0.04 and 8.91+0.13 log CFU/g, respectively, in the control, Al, A2, A3,
and A4 samples. No decrease in streptococcal counts was observed during storage in all samples. Lactobacilli
counts were 8.58+0.06, 8.43+0.26, 8.34+0.26, 8.02+0.02 and 8.53+0.34 log CFU/g, respectively, in the control,
Al, A2, A3 and A4 samples. While the lactobacilli count of the control sample decreased during the storage period,
it remained constant in Al, A2, A3 and A4 samples at the end of the storage time. It was determined that the
lavender powder supplementation contributed the viability of lactobacilli during storage. No statistically
significant difference was found in the total bacterial counts between the samples on the first day, however the
highest total bacteria content was determined in A4 sample (8.314+0.01 log CFU/g) at the end of the storage period
(14 d).
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1. INTRODUCTION

Yoghurt is a fermented milk product that is produced by Streptococcus thermophilus (S.
thermophilus) and Lactobacillus delbrueckii ssp. bulgaricus (L. bulgaricus) and consumed all
around the world [1]. Yoghurt fortification has an important role to develop nutritional,
sensorial, functional and health promoting effects of the yoghurt [2]. In this context, vegetables
[3, 4], fruits [5, 6], fibers [7, 8], seed extracts [9] and plants [10, 11] have been used in yoghurt
production.

Lavandula officinalis L. is a fragrant herb belonging to Lamiaceae family and called
lavender [12]. It is known as having therapeutic and antimicrobial effects [13]. It was reported
that lavender showed high antioxidant properties [14]. Lavender is rich with phenolic contents
and ferulic acid is the major phenolic compound of it [15].
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In this study, the effect of lavender powder used at different ratios on potential yoghurt
bacteria was investigated. For this purpose, 0.010, 0.025, 0.050 and 0.075% lavender powders
were added to yoghurt samples. The effect of lavender powder on the Kinetic parameters of
acidification during fermentation was examined, furthermore, changes in microbial growth
were monitored during the storage period (1 d, 7 d and 14 d). The antioxidant activities and
total phenolic contents of yoghurt samples were investigated. Yoghurt samples were subjected
to sensory testing to determine consumer acceptance.

2. MATERIAL and METHODS
2.1. Materials

Medium-heat skim milk powder (34.5 % protein, 3.5 % moisture, 7.2 % ash, 55 % lactose,
pH:6.55, % titratable acidity 0.112) were obtained from ENKA Dairy Co. Ltd. (Konya, Turkey).
Milk was ensured farm of Selcuk University dairy farm. YF-L901 consisting of S. thermophilus
and L. bulgaricus were used as starter cultures in yoghurt production and they were supplied
from Chr's Hansen-Peyma (Istanbul). Harvested lavender plants (June-July) were dried for 1
month at room temperature in light-free environment and then powdered with blender.

2.2. Production of Set-Type Yoghurt and Sample Design

Five yoghurt formulations were performed by described by Akin [1]. A1, A2, A3 and A4
samples contained lavender powder at 0.010, 0.025, 0.050, and 0.075%, respectively, whereas
no lavender powder was added to control sample. All yoghurt formulations were standardized
to 16% dry matter content by milk powder. In Al, A2, A3 and A4 samples, milk powder and
lavender powder were mixed with fresh cow milk, while only milk powder was added to fresh
cow milk in control sample. Afterwards the mixes were pasteurized at 85 °C for 10 min and
cooled 42 °C. The yoghurt mixes were inoculated with 2% (w/v) starter culture and then
distributed in 150 mL sterile plastic containers and incubated at 42 °C until a pH was reached
to 4.6. Yoghurt samples were stored in a refrigerator (4 °C). during storage time (1 d, 7 d, and
14 d). Yoghurt samples were manufactured each in 2 replications.

2.3. Monitoring of Fermentation Kinetics

The changes in pH and titratable acidity during the fermentation were monitored until the
pH 4.6. Maximum acidification rate (Vmax), the time to reach the maximum acidification rate
(Tmax) and the time at which was the end of the fermentation (Te) were determined.

2.4. Physicochemical Analysis

Fat [16], water holding capacity [17], syneresis [18], and color [19] were done on day 7,
pH and titratable acidity [20] were monitored during the storage period.

2.5. Assessment of Antioxidant Activity

Antioxidant activity was determined by two different radical scavenging methods on day
7. ABTS [21] and DPPH [22] radical scavenging methods were used due to differences in
susceptibility of the methods. ABTS radical scavenging activity results were explicated in terms
of Trolox equivalent antioxidant capacity (TEAC) value, while DPPH radical scavenging
results were reported as % inhibition.

2.6. Total Phenolic Content

The total phenolic compounds in yoghurts were determined by using the method of
McCue and Shetty [23] on day 7. The results that were calculated based on the gallic acid curve
were given as milligram gallic acid equivalents (GAE) per gram of yoghurt samples.
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2.7. Determination of Changes in Microbial Flora During Storage Time

S. thermophilus and L. bulgaricus counts of yoghurt samples were determined during the
storage time. S. thermophilus colonies were enumerated in M17 agar under aerobic incubation
at 37 °C for 24-48 h [24], while L. bulgaricus colonies were counted in MRS agar under
anaerobic incubation at 45 °C for 24-48 h [25]. Potato Dextrose Agar was used to determine
yeast and fungi under aerobic incubation at 25 °C for 5 d [20]. Total bacteria were enumerated
in Plate Count Agar (PCA) at 30 °C for 48 h [26].

2.8. Sensory Analysis

Sensorial tests of yoghurt samples were evaluated by a panel of seven members using
seven-point hedonic scale [27] (1: strongly disliked; 7: strongly liked). Panelists appraised the
appearance, taste and flavor, smell, texture, acidity and general acceptability. Sensory
evaluation was done on the 7th day of storage time.

2.9. Statistical Analysis

The parameters of experimental yoghurts were assessed by General Linear Model
ANOVA by MiniTab 7.1 [28]. Different groups were compared by the Tukey test at P<0.05,
and statistically significant differences among them were indicated by different letters.

3. RESULTS and DISCUSSIONS
3.1. Fermentation Kinetics

The fermentation kinetic of each sample group was obtained by calculating the maximum
acidification rate (Vmax), the time to reach Vmax (Tmax) and the time required to reach the end
of fermentation (TpH4.6). Vmax, Tmaxand TpHa.6 Values are given in Table 1 and the changes in the
pH and titratable acidity values occurring throughout fermentation are shown in Figure 1.

Table 1. Acidification kinetics of yoghurt samples during fermentation.

Samples (10° pH s i) 5 ks

Control 11.00+£0.00? 2.75+0.01™ 6.16+0.022
Al 10.12+0.01° 2.25+0.00™ 5.41+0.28°
A2 10.16+0.01° 2.25+0.00" 5.33+0.22°
A3 9.16+0.02° 2.75+0.01™ 5.12+0.01°
A4 10.00+£0.00° 2.25+0.00™ 5.37+0.17°

Al: with 0.010% lavender powder; A2: with 0.025% lavender powder; A3: with 0.050%; A4: with 0.075%
lavender powder. Vmax: maximum acidification rate; Tmax: time corresponding t0 Vmax; Tprae: time to obtain pH
4.6. Different letters in the same column are significantly different (P<0.05); ns: not significant.

Statistically significant differences were observed in Vmax and TpHas. Values of the yoghurt
samples (P<0.05). There was significant effect of lavender powder addition on Vmax (Table 1).
This effect may have been caused by components with buffering capacity such as phenolics
present in the lavender [15]. Similar results were seen in the passion fruit peel added yoghurt
[29]. There was no difference between the times to reach maximum acidification rates (Tmax)
of the samples. However, TpHa.s Was significantly reduced by adding lavender powder (P<0.05)
and the highest decrease in TpHa.e Was observed in A3 sample.

Titratable acidity increased with time in all samples, but the highest increase occurred in
the A3 and A4 samples. The formation of lactic acid advanced due to the increase in the amount
of lavender powder. This may be due to the positive effect of lavender powder on lactic acid
bacteria. De Martino and colleagues [30] reported that lavender oil exhibited no inhibitory
activity against lactic acid bacteria.
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Figure 1. Changes in the pH and titratable acidity during fermentation. C: control; Al: with 0.010%
lavender powder; A2: with 0.025% lavender powder; A3: with 0.050%; A4: with 0.075% lavender
powder.

3.2. Physicochemical Characteristics of Yoghurt Samples

Physicochemical properties of yoghurt samples are shown in Table 2. Water holding
capacity and syneresis values of yoghurt samples were found between 56.55-61.20%and 8.86-
10.94%, respectively and there were no statistical differences between the yoghurt samples
(P>0.05). Fat values of samples were determined between 2.70-2.90%, the differences in fat
values were not statistically significant. While there were no statistical differences in the
brightness and yellowness values of the yoghurt samples (P>0.05), the highest redness value
was determined in the A4 sample (P<0.05).

Table 2. Some physicochemical properties, total phenolic contents and antioxidant activities of yoghurt
samples (on day 7).

Sample!
Control Al A2 A3 Ad
WHC?(%) 58.95+1.06" 61.20+0.71™ 57.20+4.67™ 56.55+0.78™ 58.10+0.42"
Syneresis (%) 10.06+2.01™  8.86+0.54™  9.16x0.11™  9.78+0.42™  10.94+1.95™
TPC? (mg GAE/Q) 0.05+0.00°  0.07+0.01°  0.07+.0.01°  0.08+0.01%  0.10+0.012
DPPH (inhibition %) 2.82+0.09¢  3.32+0.27°  3.76£0.18°  4.01£0.36°  4.70+0.09?
ABTS (uM Trolox) 170.89+0.06° 190.87+0.13¢ 240.47+0.12° 284.75+6.50° 311.01+0.912
Fat (%) 2.75£0.07™  2.80+0.00™  2.70+0.14™  2.80+0.00"  2.90+0.14"™
L* 88.39+0.10™ 89.66+0.01" 89.29+0.15™ 88.98+0.12™ 88.18+0.38"
Color a* -4.13£0.05°  -4.15£0.03° -3.95+0.15° -4.05+0.03° -3.13+0.07°
b* 9.11+0.02™  9.20+0.14™  9.12+0.02"  9.10+0.16™  9.15+0.27™

LA1: with 0.010% lavender powder; A2: with 0.025% lavender powder; A3: with 0.050%; A4: with
0.075% lavender powder. 2WHC: Water holding capacity; *TPC: Total phenolic content. Values in same
row having different superscripts differ significantly (P<0.05); ns: not significant.
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The pH and titratable acidity values monitored during storage time are given in Table 3.
After one day of cold storage the pH values of control, Al, A2, A3 and A4 samples were
determined to be 4.48, 4.52, 4.58, 4.68, and 4.56, respectively. After 14 days of storage time,
the pH values of all yoghurt samples decreased significantly (P<0.05) and the decrease in pH
values were about 6.14-6.70%. Titratable acidity values varied from 1.14 to 1.29 mg lactic
acid/g at the beginning of the storage. Titratable acidity of all samples increased by 11.40-
20.33% at the end of the cold storage. These results could be attributed to metabolic activities
of microbial flora existed in yoghurt samples. Bonczar and colleagues [31] and Do Espirito and
colleagues [29] reported that the increase in the titratable acidity values of yoghurts at the end
of the 14 and 28 days was determined.

Table 3. Changes in pH and titratable acidity of yoghurt samples during the cold storage.

Samples® pH Titratable acidity (lactic acid%)
di d7 d 14 di d7 d 14
Control ~ 4.48+0.02°A  4.45+0.00%* 4.18+0.00® 1.23+0.28%% 1.17+0.08"%  1.48+0.04*
Al 4.52+0.00°A  4.52+0.00°A 4.23+0.00°® 1.29+0.00®  1.31+0.04™B  1.46+0.00%A
A2 4.58+0.02°82  4.63+0.04** 4.28+0.00°C 1.20+0.02°°C  1.31+0.03"B  1.44+0.00%A
A3 4.68+0.07**  4.51+0.00°® 4.37+0.00® 1.14+0.04°NS 1.18+0.12™NS  1.27+0.21°NS
Ad 4.56+0.01°A  4.55+0.00° 4.28+0.00°® 1.19+0.00°B  1.35+0.00™”  1.40+0.03"A

IA1: with 0.010% lavender powder; A2: with 0.025% lavender powder, A3: with 0.050%; A4: with 0.075%
lavender powder. d 1, d 7 and d 14: days 1, 7 and 14 after fermentation. Values in same row and column having
different superscripts differ significantly (P<0.05); ns, NS: not significant. Lower case letters indicate differences
between samples; capital letters show differences between storage times.

3.3. Antioxidant Activities and Total Phenolic Contents of Yoghurt Samples

Antioxidant activities and total phenolic contents of yoghurt samples are shown in Table
2. The highest ABTS and DPPH radicals scavenging activities were determined in the A4
sample (P<0.05). The DPPH inhibition % values for the control, Al, A2, A3 and A4 samples
were detected as 2.82, 3.32, 3.76, 4.01 and 4.70, respectively. The TEAC values of control, Al,
A2, A3 and A4 samples were determined to be 170.89, 190.87, 240.47, 284.75 and 311.01 uM
Trolox, respectively. The results of the ABTS and DPPH tests were consistent in terms of
radical scavenging activity of each yoghurt samples. Giil¢in and colleagues [14] reported that
free radical scavenging activity of lavender increased depending on the ratio of lavender powder
used in the formulation.

The highest total phenolic content (0.10 mg GAE/g) was determined in A4 sample
(P<0.05), while there was no statistically difference in total phenolic contents of other sample
groups (P>0.05). The total phenolic content of lavender was 27.42 mg GAE/g [32], thus the use
of lavender powder at very low levels (0.01, 0.025, 0.050 and 0.075%) did not generally affect
the total phenolic contents of yoghurts.

3.4. Microbial Dynamic During Cold Storage

The changes in microbial flora of yoghurt samples during the storage period are shown
in Table 4. S. thermophilus counts were statistically stable in the control, A1, A2 and A4
samples during the storage time and the mean counts of it were defined between 8.75-8.88 log
CFU/g. Do Espirito and colleagues [29] asserted that S. thermophilus counts remained constant
for 28 days at cold storage of yoghurts containing passion fruit peel powder. On the other hand,
the S. thermophilus counts in A3 sample containing 0.050% lavender powder increased 0.61
log unit after 14 days. It may be due to the fact that S. thermophilus dominated in the yoghurt
flora because of the antimicrobial effect of lavender on other microorganisms [13]. 0.050%
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lavender powder supported the growth of S. thermophilus in the yoghurt media. Higher and
lower lavender powder ratios than 0.050% were not observed to have a negative effect on S.
thermophilus counts.

The counts of L. bulgaricus in control sample decreased at the end of the storage time.
Do Espirito and colleagues [29] and Shori [33] determined a decrease in L. bulgaricus counts
of control yoghurt samples at the end of the storage time. In Al, A2 and A4 samples, the mean
L. bulgaricus counts were found to be 8.38, 8.35 and 8.40 log CFU/qg, respectively and no
statistically change was observed in its counts during the storage period. Compared to the
control, lavender powder was found to support growth of lactobacilli. Marhamatizadeh and
colleagues [34] reported that dried lavender increased the number of lactobacilli such as L.
acidophilus, L. casei and L. paracasei. The decrease in the number of L. bulgaricus on the 14th
day of storage in A3 sample may be due to increase in S. thermophilus counts.

Table 4. Changes in microbial flora of yoghurt samples during the storage period (log CFU/qg).

Yoghurt bacteria Samples? dil d7 d14
Control 8.89+0.21"™NS 8.61+0.08™NS 9.08+0.30™NS
Al 8.71+0.09"™NS 8.67+0.08™NS 8.86+0.21™NS
S. thermophilus A2 8.77+0.13"™NS 8.82+0.12"NS 9.05+0.30™NS
A3 8.66+0.04"8 8.63+0.01™B 9.24+0.19™A
A4 8.91+0.13"™NS 8.72+0.11"NS 8.86+0.02"NS
Control 8.58+0.06™AB 8.78+0.09% 8.36+0.13%
Al 8.43+0.26™NS 8.46+0.172NS 8.26+0.012NS
L. bulgaricus A2 8.34+0.26™NS 8.50+0.19%NS 8.22+0.01%NS
A3 8.02+0.02™8 8.19+0.04%A 8.01+0.04%8
Ad 8.53+0.34™NS 8.45+0.042NS 8.24+0.00NS
Control 8.60+0.00™A 8.54+(0.23A 8.03+0.01°®
Al 8.29+0.04™NS 8.21+0.01™NS 8.20-+£0.020NS
Total bacteria A2 8.30+0.04™NS 8.30+0.04™NS 8.24:£0.050NS
A3 7.97+0.04"NS 8.13+0.16™NS 8.25+0.020NS
Ad 7.7240.59"NS 8.17+0.09"NS 8.31+0.012Ns

IA1: with 0.010% lavender powder; A2: with 0.025% lavender powder; A3: with 0.050%; A4: with 0.075%
lavender powder.d 1, d 7 and d 14: days 1, 7 and 14 after fermentation. Different letters in the same row
and column indicate significantly different (P<0.05). ns, NS: not significant. Lower case letters indicate
differences between samples; capital letters show differences between storage times.

No yeast and fungi were observed in all yoghurt samples during the storage time. The
total bacteria count was statistically reduced in the control sample at the end of the storage
(P<0.05), while it remained constant in other yoghurt samples containing lavender powder
during the storage time. On the 14th day of the storage time, statistical differences were detected
between the total bacterial counts of the yoghurt samples and the lowest total bacterial count
was determined in control sample (P<0.05). This difference may be due to the positive effect
of lavender powder on the growth of S. thermophilus and L. bulgaricus.

3.5. Sensorial Characteristics of Yoghurt Samples

Sensorial characteristics of yoghurt samples are shown in Figure 2. The best appearance
score (5.88) was determined in A1 sample according to the sensory acceptability test (P<0.05).
The appearance score of A2, A3 and A4 samples decreased with the use of lavender powder at
higher ratios. The highest texture score (5.44) was detected in Al sample (P<0.05), generally,
the texture scores of yoghurts added with lavender powder were found higher than the control.
Acidity scores were higher in A3 and A4 than control (P<0.05), it may have been caused by
supporting effect of the higher amounts of lavender powder on acidic taste.
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Figure 2. Sensorial characteristics of yoghurt samples (on day 7)

The highest smell score was determined in A4 sample, the smell score increased
depending on the amount of lavender powder. However, the difference between smell scores
of Al and the control samples was statistically insignificant. The highest taste and flavor score
was determined in Al sample, taste and flavor scores decreased with the use of lavender powder
at higher ratios. The highest general acceptability score was determined in the Al and A2
samples. According to general acceptability score, Al and A2 were the most preferred yoghurt
samples for consumers.

4. CONCLUSION

In this study, the effect of lavender powder on lactic acid bacteria was determined. The
results showed that the lactic acid production during the fermentation and the viability of S.
thermophilus and L. bulgaricus during the cold storage can be enhanced by supplementation of
lavender powder. It was determined that the antioxidant activity of yoghurt increased with the
addition of lavender powder. The antioxidant activity of yoghurt increased about 2-fold by
addition of 0.075% lavender powder. Considering the scores of sensory properties and
functional properties of lavender powder, it can be thought to be a good supplement for yoghurt.
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