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Abstract: The main objective of this study was to evaluate the growth rate of Lactobacillus ssp. and
Streptococcus thermophilus in 6 types of plant water extract (Lycium barbarum, Illicium verum,
Psidium guajava, Curcuma longa, Allium sativum, and Codonopsis pilosula) with two different
concentration (10% and 2.5%; w/v) both in the presence and absence of fish collagen as a protein source
during incubation at 37°C. The growth rate was measured using a spectrophotometer, and the
absorbance was taken every 4 hours for 28 hours (S. thermophilus) and 48 hours (Lactobacillus spp.).
The effects of plant water extract on bacterial growth were dose-dependent. The growth of S.
thermophilus and Lactobacillus spp. in all samples increased with incubation time. After about 12 hours
for S. thermophilus in 2.5% plant extract and 16 hours for other samples with or without fish collagen,
it began to plateau. The growth rate of Lactobacillus spp. was significantly higher (p<0.05) than S.
thermophilus. Illicium verum and Lycium barbarum, both in the presence and absence of fish collagen,
showed the most significant influence of bacterial growth among other samples. Fish collagen had a
slight effect on bacteria growth during the incubation period. In conclusion, all plant samples could be
an effective vehicle for carrying Lactobacillus ssp. and S. thermophilus.
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1. Introduction

Herbal extracts of traditional medicinal plants have been widely used because of their
beneficial health effects, such as lowering blood glucose level and serum lipids, anti-aging,
immuno-modulating, anticancer, anti-fatigue, hepatitis, thrombosis, and male fertility-
facilitating [1-6].

Collagen is a major structural protein in the connective tissue of animal skin and bone
[7] and is the most abundant protein in animals, comprising approximately 30% of total
proteins [8]. Denatured collagen, known as gelatin, finds applications in the food and
biomedical industries [9]. Therefore, fish skin being a byproduct of fish processing, is an
important source for collagen production as a replacement for mammalian sources.

Lactic acid bacteria (LAB) is a preparation of viable microorganisms which are added
to the diet of humans to control the growth of undesirable or less desirable microorganisms in
the gastrointestinal tract, which harbors a rich flora of more than 500 different bacterial species,
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some of which have important health functions [10]. The changes in the population of each
species of bacteria are dependent on several factors such as age, diet, healthiness, and use of
medications and supplements [11]. The consumption of individual strains of LAB increases the
production of antibodies. Previous studies demonstrated that certain LAB can induce specific
secretory immunity, and others can enhance the gut inflammatory immune response, Crohn's
disease, juvenile chronic arthritis, irritable bowel syndrome, ulcerative colitis, diverticulitis,
and chronic pouchitis [12, 13].

For several thousand years, fermentation has been used as an effective and low-cost
means to preserve the quality and safety of foods and causes changes in food quality [14].
Fermented non-dairy beverages are the product of the bacterial activity of the starter cultures,
resulting in the production of lactic acid and other biologically active compounds with
nutritional and therapeutic value [14]. It is essential for LAB to be able to grow progressively
in beverage and lactic acid gives the final product its characteristic. There is currently an
increasing number of fermented beverages using herbal extract as a natural ingredient [15-17].
Therefore, the main objective of this study was to evaluate the growth rate of Lactobacillus
ssp. and Streptococcus thermophilus as starter culture in 6 types of plant water extract
(Lycium barbarum, IHlicium verum, Psidium guajava, Curcuma longa, Allium sativum, and
Codonopsis pilosula) with two different concentration (10% and 2.5%; w/v) both in the
presence and absence of fish collagen as a protein source during incubation at 37°C.

2. Materials and Methods
2.1. Water extraction of plant.

Lycium barbarum (LB; dried fruit), lllicium verum (IV; dried fruit), Psidium guajava
(PG; dried leaves), Curcuma longa (CL; dried rhizome), Allium sativum (AS; dried fruit), and
Codonopsis pilosula (CP; dried root) were purchased in dried form from a local medicinal
shop. To prepare 10% of plant extract, each plant individually (10 g) was homogenized in
sterile distilled water 100 ml using a homogenizer. The mixture was incubated overnight in a
water bath (70°C) followed by centrifugation (15 minutes, 2000rpm at 4°C). The clear
supernatant was used as plant water extract. Later, the plant water extract (10%) was then
diluted to 2.5% by mixing 1 part of the former with 3 parts of dH20.

2.2. Optical density measurement.

The optical density (OD) using spectrophotometer of increasing microbial mass of
bacteria (Lactobacillus ssp. and S. thermophilus) during incubation at 37°C was measured in
the presence of six types of plants [18] at different concentration (10% and 2.5%; wi/v). S.
thermophilus or Lactobacillus spp. (1.0 ml) was initially diluted 10X by mixing in 9 ml sterile
peptone water buffer. S. thermophilus (1 ml) was cultured in 28 ml M17 broth while the
Lactobacillus spp. (1 ml) was cultured in MRS broth enriched with lactose. For fish collagen
samples, fish collagen (2.5%) was added to the broth. Plant water extract (1 ml) from different
concentrations (10% or 2.5%; w/v) was added to each broth and was then incubated at 37°C.
The control with or without fish collagen was prepared similarly except that plant extract was
replaced with distilled water. The absorbance values at 600nm of the culture were taken every
4 hours for 28 hours (S. thermophilus) and 48 hours (Lactobacillus spp.) by using the
spectrophotometer to see the growth rate of bacteria in different concentration of plant extract.
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2.3. Statistical analysis.

This experiment was performed in three different batches (n=3), and the data were
expressed as mean + S.E.M (mean standard error). The statistical analysis was performed using
one-way analysis of variance (ANOVA, SPSS 19.0), followed by Duncan’s post hoc test for
mean comparison. The criterion for significance was p<0.05.

3. Results and Discussion

3.1. Effects of medicinal plants on the growth rate of S. thermophilus.

The growth of S. thermophilus in the presence of 6 different types of plant water extracts
(2.5% and 10%; wi/v) during 28 hours was shown in Figures 1la & b, respectively. The growth
of S. thermophilus in all samples increased with incubation time and generally began to plateau
after about 12-28 hours for 2.5% and 16-28 hours for 10% of plant extract (Figure 1a & b). At
the beginning, S. thermophilus showed higher (p<0.05) growth in both 2.5% and 10% PG and
CL with ODsoo of 0.41 & 0.45 for 2.5% and 0.72 & 0.62 for 10%; respectively while control
had ODeoo= 0.32. Other plant extracts (2.5%) showed no significant differences in the growth
of S. thermophilus. However, CP, AS, 1V, and LB (2.5%) showed significant growth of S.
thermophilus (ODesoo= 1.4-0.5) compared to control (ODsoo= 1.2) after 12 hours. PG extract
(2.5%) inhibited the growth of S. thermophilus from 16 to 28 hours (Figure 1a). All plant
extracts (10%) except CL registered increase (p<0.05) in the growth of S. thermophilus, with
the highest value, was shown for PG followed by LB, CP, IV, and AS at 12 hours (Figure 1Db).
CL extract (10%) showed lower (p<0.05) growth of S. thermophilus from 8 to 24 hours. At the
end of incubation, there were no significant differences between all 10% samples as compared
to control (Figure 1b).

In the presence of fish collagen, the growth of S. thermophilus in plants extracts began
to plateau at a much later time (16-28 hours) for both 2.5% and 10% of plant extract (Figure 2
a & b). Generally, the presence of fish collagen in 10% of plant extracts improved the growth
of S. thermophilus throughout incubation time (Figure 2b). At the beginning of incubation, the
presence of fish collagen in 2.5% and 10% of CL and PG water extracts significantly stimulated
the growth of S. thermophilus (ODeoo= 0.41 & 0.55 for 2.5% and 0.63 & 0.91 for 10%;
respectively ) compared to control (ODeoo= 0.32; Figure 2 a & b). Plants extract (2.5%) with
fish collagen such as CP, PG, 1V, and LB showed higher (p<0.05) growth of S. thermophilus
than control with the highest value was seen in LB+FC (ODesoo= 0.89) at 4 hours. These values
were continuing to increase until 12 hours where PG+FC recorded the highest growth (ODsoo=
1.68). Both CL and AS + FC showed lower S. thermophilus growth than control from 4 to 24
hours (Figure 2a). On the other hand, 10% IV and LB+ FC increased (p<0.05) S. thermophilus
growth from 4-20 hours, whereas CL and PG+ FC stimulated bacteria growth all over the
incubation period (Figure 2b). There was no significant difference in bacteria growth in 10%
CP + FC than control during incubation except at 8 hours (Figure 2Db).

3.2. Effects of medicinal plants on the growth rate of Lactobacillus spp.

The stimulatory effects on Lactobacillus spp. growth was tremendously enhanced
(p<0.05) by 2.5% CP, 1V, LB, and AS compared to control with ODsoo ranged between 2.2 and
2.3 at 44 hours (Figure 3a). However, PG and CL decreased (p<0.05) the bacterial growth
(ODe0o=0.85-1.59 and 1.15-1.16 for PG and CL; respectively) as compared to control (ODeoo=
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1.5-1.8) from 12 to 20 hours of incubation. At the end of incubation, all plant extract showed
no significant differences in Lactobacillus spp. growth compared to control except for PG and
CL that showed a significant reduction in the growth (Figure 3a). Increasing the concentration
(10%) of plant extract had a significant effect on the bacterial growth during 40 hours of
incubation periods at the following order AS > CL> PG =CP > IV > LB (Figure 3b). Extending
incubation to 2 days had no effects on the bacterial growth.

The inclusion of fish collagen in the 2.5% plant extract displayed no significant effects
on Lactobacillus spp. growth for all samples except at earlier stages for CP, PG, 1V, and LB
(Figure 4a). Similarly, 10% of plant extract with fish collagen had little effect in stimulating
Lactobacillus spp's growth compared to control (Figure 4b). At an earlier stage, CP, 1V, and
LB showed a significant increase in bacterial growth (ODeoo= ~1.9) compared to control
(ODeoo= 1.7) at 12 hours of incubation. In addition, AS + FC showed the highest (p<0.05)
bacterial growth (ODeoo= 2.38) at 40 hours while PG + FC had the highest growth (ODeoo=
2.30) at 48 hours. CL + FC showed higher Lactobacillus spp. growth (ODeoo= 2.59; p<0.05)
than control (ODeoo= 2.24) at 28 hours.
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Figure 1a. The growth rate of Streptococcus thermophilus in 2.5% plant extract during incubation at 37°C for
28 hours. LB = Lycium barbarum, 1V= Illicium verum, PG= Psidium guajava, CL= Curcuma longa, AS=
Allium sativum, and CP= Codonopsis pilosula. Control= medium suspension without plant extract.
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Figure 1b. The growth rate of Streptococcus thermophilus in 10% plant extract during incubation at 37°C for 28
hours. LB = Lycium barbarum, IV= Illicium verum, PG= Psidium guajava, CL= Curcuma longa, AS= Allium
sativum, and CP= Codonopsis pilosula. Control= medium suspension without plant extract.
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Figure 2a. The growth rate of Streptococcus thermophilus in 2.5% plant extract with fish collagen during

incubation at 37°C for 28 hours. LB = Lycium barbarum, IVV= lllicium verum, PG= Psidium guajava, CL=

Curcuma longa, AS= Allium sativum, and CP= Codonopsis pilosula. Control= medium suspension without
plant extract.
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Figure 2b. The growth rate of Streptococcus thermophilus in 10% plant extract with fish collagen during
incubation at 37°C for 28 hours. LB = Lycium barbarum, 1V= lllicium verum, PG= Psidium guajava, CL=
Curcuma longa, AS= Allium sativum, and CP= Codonopsis pilosula. Control= medium suspension without

plant extract.

25

=

: —=8=—Control

= 2

= —.—CP

-

® 15 L

i

s ——PG

= 1

z e A

< 05 v
e | B

0O 4 8 12 16 20 24 28 32 36 40 44 48

Time (hours)

Figure 3a. The growth rate of Lactobacillus spp. in 2.5% plant extract during incubation at 37°C for 48 hours.
LB = Lycium barbarum, 1\VV= Illicium verum, PG= Psidium guajava, CL= Curcuma longa, AS= Allium sativum,
and CP= Codonopsis pilosula. Control= medium suspension without plant extract.
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Figure 3b. The growth rate of Lactobacillus spp. in 10% plant extract during incubation at 37°C for 48 hours.
LB = Lycium barbarum, IV= lllicium verum, PG= Psidium guajava, CL= Curcuma longa, AS= Allium sativum,
and CP= Codonopsis pilosula. Control= medium suspension without plant extract.
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Figure 4a. The growth rate of Lactobacillus spp. in 2.5% plant extract with fish collagen during incubation at
37°C for 48 hours. LB = Lycium barbarum, IV= Illicium verum, PG= Psidium guajava, CL= Curcuma longa,
AS= Allium sativum, and CP= Codonopsis pilosula. Control= media without plant extract.
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Figure 4b. The growth rate of Lactobacillus spp. in 10% plant extract with fish collagen during incubation at
37°C for 48 hours. LB = Lycium barbarum, IV= Illicium verum, PG= Psidium guajava, CL= Curcuma longa,
AS= Allium sativum, and CP= Codonopsis pilosula. Control= media without plant extract.
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3.3. Discussion.

Optical density (OD), also known as turbidity or absorbance, can be used to measure
the concentration of bacteria in a suspension because the amount of light absorbed by a
suspension of cells, within limits, is proportional to biomass [19]. Most of the effects of plant
water extract on bacterial growth were dose-dependent. This was seen for the growth of S.
thermophilus, which has higher growth at 10% concentration of plant extract both in the
presence and absence of fish collagen than 2.5% concentration for all the samples. This might
occur because the high concentration of plant extracts could influence bacteria's growth by
enhancing their metabolic activity [2, 14]. On the other hand, the inhibitory effects on the
growth of S. thermophilus occurred in the presence of CL (2.5% and 10%), PG (2.5%), CL,
and AS + FC (2.5%; Figure 1a&b, 2a). Several factors contributed to the changes in OD during
incubation, and this includes pH and temperature [20], glucose [21], and metabolic stress
factors (lactic acid, acetic acid, and hydrogen peroxide; [22, 23]). Apart from natural plant dyes
which directly affect the colorimetric absorbance [24]. Plants water extract showed stimulatory
effects on Lactobacillus spp. growth at a higher amount (10%). The plant water extracts may
contribute a varying amount of phytochemicals that directly affect bacteria’s growth and
metabolism [2, 14]. IV and LB, both in the presence and absence of fish collagen, significantly
influenced the bacterial growth during the incubation time. This could be attributed to active
constituents in plants [2, 14]. L. barbarum polysaccharide (LBP) such as glucose, galactose,
arabinose, rhamnose, mannose, and xylose in LBP can stimulate S. thermophilus and
Lactobacillus spp. growth in fermented foods [25-27]. There is no available information about
the effects of 1. verum on the growth of S. thermophilus and Lactobacillus spp. During
fermentation. Although the addition of fish collagen in fermented milk provides an additional
source of available protein for LAB growth [28-30], the present results indicated that fish
collagen had a slight effect on bacteria growth during the incubation period.

4. Conclusions

The effects of plant water extract on bacterial growth were dose-dependent. The
concentration of plant water extract (10%) showed higher bacterial growth than 2.5%. The
growth of S. thermophilus in all samples increased with incubation time and generally began
to plateau after about 12 hours for 2.5% plant extract and 16 hours for other samples with or
without fish collagen. Similarly, the growth of Lactobacillus spp. began to plateau after about
16 hours for all samples. The growth rate of Lactobacillus spp. was significantly higher than
S. thermophilus. 1V and LB, both in the presence and absence of fish collagen, showed the
most significant bacterial growth influence among other samples. Fish collagen had a slight
effect on bacteria growth during the incubation period. All plant samples could be an effective
vehicle for carrying Lactobacillus ssp. and S. thermophilus.
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