Comparing Effects of
Matricaria chamomilla and
Mentha piperita with
Lactobacillus rhamnosus on
stress-induced
Caenorhabditis elegans
Mahajan Romen (4i327)
Kurtis Lee Tze Herng (4i317)
Lim Hong Zhi Marcus (4i320)
Group 1-27
Project Mentor: Ms Lena Koh

0

1

Abstract
Recently, the popularity of herbal teas - which refers to teas brewed from plant matter other than
the leaves of C. sinensis - have increased, and is widely known for its use in relieving stress and
providing a host of health benefits for the consumer. This study aims to investigate the efficacy
of certain popular herbal tea brews in reducing the negative impacts of heat stress and alcohol
stress on the growth and survival rate of C. elegans. In this study, 3 independent variables were
independently investigated in order to gain insight into the efficacy of these herbal teas. The
aforementioned variables were the type of food source given to C. elegans, heat stress, and
alcohol stress. The herbal teas to be investigated were the leaves of the Mentha piperita
(Peppermint) plant, and the flowers of the Matricaria chamomilla (German chamomile) plant. To
prepare the herbal tea brews for experimentation, herbal decoctions were prepared. During the
experiment, the food sources E. coli, E. coli + M. piperita, E. coli + M. chamomilla and L.
rhamnosus were added to plates of C. elegans and incubated over a period of 48h at the
respective temperatures and environments. Afterwards, the C. elegans were filtered and
suspended in M9 buffer and the survival rates were recorded under a microscope. The results
showed that alcohol and heat stress significantly lowered survival rates of C. elegans in the
control set-ups, and that while M. piperita and M. chamomilla had similar efficacies in completely
alleviating effects of alcohol stress, both herbal decoctions also resulted in a significantly higher
survival rate than the C. elegans with L. rhamnosus food source. However, for heat stress, only
M. chamomilla was able to show significant efficacy in reducing effects of heat stress, while M.
piperita had a similar efficacy to L. rhamnosus.
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Introduction
Herbal tea has been growing in popularity due to the recent health trend, with reports by Market
Research Future in 2020 estimating the global herbal tea market to be generating a total
revenue of $4226.9 million USD by 2025. Herbal tea is a type of beverage brewed from a mix of
leaves, stems, fruits, or roots, and other plant matter of essential plants (Ravikumar, 2014).
However, Kumar, Nair, Reddy and Greg (2005) reported that herbal teas are not brewed from
actual tea leaves found in the plant Camellia sinensis (Ravikumar, 2014). Herbal tea is known
for its medicinal uses, such as anti-anxiety or antidepressant effects, or pain relief and calming
sensations (Legg, 2019).
Heat stress refers to an extreme condition where an organism is exposed to high temperatures
for long periods of time. The CDC (2008) reported that in the United States, there were 423
fatalities among crop-production workers from 1992-2006, where annual deaths increased each
year (as cited by Lundgren, Kuklane, Gao and Holmer, 2012). Additionally, The Guardian (2021)
reported more than 5 million deaths each year globally because of excessively hot or cold
conditions with heat-related deaths on the rise due to climate change. (Lu and Cox, 2021)
Alcohol stress is another form of stress, resulting from overconsumption of alcoholic beverages.
Ritchie and Roser (2018) reported that worldwide, 2.8 million premature deaths occur every
year from harmful use of alcohol. The WHO reported that alcohol intoxication accounted for over
5.3% of all deaths annually (2018). Alcohol is also known to exacerbate the effects of heat
stress due to the increased water loss by urination, leading to dehydration, as reported by Rubin
(2018).
There have been reports on the effect of herbal tea on alleviating symptoms of heat stress in
organisms. Song et al. (2014) reported that a herbal decoction of Traditional Chinese Medicinal
(TCM) Herbs were effective in relieving heat stress responses in cattle, and enhanced growth
performance in cattle exposed to severe heat stress conditions of Temperature-Humidity Index
(THI) higher than 79db℃. Cattle treated with TCM Herbs saw a greater decrease in body
temperature by about 4% as compared to those not treated. In reports on how herbal extracts
help to reduce effects of alcohol, Herbal extracts have also proven to be effective in reducing
symptoms of alcohol intoxication such as hangovers. Hong (2016) reported that the herbal tea
mixture DTS20 (consisting of herbs V. album, L. chinense, I. obliquus, and A. senticosus) was
effective in decreasing blood alcohol level, while elevating antioxidative activity in healthy male
adults.
However, these experiments do have design limitations. As most of the experiments involve
organisms too big to be enclosed in a controlled set-up for prolonged periods of time, such as
cattle or humans, many of the experimental set-ups rely on environmental factors to stabilise the
conditions of the set-up. This decreases the reliability of the experiment as its experimental
set-ups are subject to fluctuations in environmental conditions that could confound the results of
the experiment. as in the case of heat stress, where the experiment relies on the extreme
summer conditions to regulate the THI.
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Therefore, this project aims to investigate the effects of heat and alcohol stress on C. elegans,
and how the plant extracts from M. chamomilla (Chamomile) flowers and M. piperita
(Peppermint) leaves affect the lifespan and survival rate of stress-induced C. elegans in a
controlled environment. The results will be compared to Lactobacillus rhamnosus naturally
found in the human digestive system, which has been proven to be effective in the breakdown of
ethanol by Wang et al. (as cited by Gu Z., Liu Y., Hu S., You Y. Wen J., Li W., Wang Y., 2019) in
an earlier study.
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Objectives and Hypotheses
Objectives
The objective of this study is to investigate the impacts of alcohol and heat stress on the survival
rate of C. elegans. In addition, the study will seek to compare the efficacy of herbal decoctions
in reducing effects of alcohol and heat stress on C. elegans to that of the positive control, L.
rhamnosus.
Hypotheses
It was hypothesised that both heat and alcohol stress will reduce survival rate of C. elegans,
with heat stress causing a more severe reduction. It was also hypothesised that M. piperita and
M. chamomilla would have similar efficacy on reducing effects of both types of stress, but having
a different efficacy as compared to positive control, L. rhamnosus.
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Experimental Procedures
Preparing Herbal Decoctions
20g of M. piperita leaves was added to a beaker containing 100mL of deionised water. The
beaker was then covered with aluminium foil and heated until boiling point over a hot plate. The
contents of the beaker were allowed to boil at 100°C for 8min before the hot plate was switched
off and the beaker allowed to cool. When the contents of the beaker were at room temperature,
the suspension was then filtered via gravity filtration and the M. piperita decoction collected. The
same procedure was repeated, using 20g of M. chamomilla flowers in 100mL of water to obtain
a M. chamomilla decoction.
Preparation of Nematode Growth Medium
0.9g of NaCl, 7.5g of agar powder, 0.75g of bacto peptone were added to 291.6 ml water. After
autoclaving at 15 psi for 15 minutes, 0.3 ml of cholesterol (5 mg/ml), 0.3 ml of 1M MgSO4
solution, 0.3 ml of 1M CaCl2 solution, 7.5 ml of 1M KH2PO4 solution were added.
Inoculation of Liquid Bacterial Cultures
E. coli OP50 was inoculated into 10 ml of LB broth. L. rhamnosus ATCC 7469 was inoculated
separately into 10 ml of MRS broth. The cultures were grown at 30°C in a shaking incubator for
at least 24h.
Food source

Temperature

Environment

100μL E. coli

25°C

Sterile Water

100μL L. rhamnosus

25°C

Sterile Water

50μL E. coli + 50μL M. piperita

25°C

Sterile Water

50μL E. coli + 50μL M. chamomilla

25°C

Sterile Water

100μL E. coli

37°C

Sterile Water

100μL L. rhamnosus

37°C

Sterile Water

50μL E. coli + 50μL M. piperita

37°C

Sterile Water

50μL E. coli + 50μL M. chamomilla

37°C

Sterile Water

100μL E. coli

25°C

0.96% Ethanol

100μL L. rhamnosus

25°C

0.96% Ethanol

50μL E. coli + 50μL M. piperita

25°C

0.96% Ethanol

50μL E. coli + 50μL M. chamomilla

25°C

0.96% Ethanol

Fig. 1
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Incubation of C. elegans in NGM Agar Plates
100μL of E. coli in the LB Broth was added to a NGM plate and incubated at 25°C for at least
24h. After which, C. elegans N2 was obtained from stock cultures and transferred onto the NGM
plate before incubation at 25°C for another 24h. The procedure was repeated using food
sources as shown in Fig. 1.
Induction of stress
NGM agar plates containing C. elegans to be heat-stressed were incubated at 37°C for another
3 days. For NGM agar plates containing C. elegans to be alcohol-stressed, 100µL of 0.96%
concentration of ethanol was added to the NGM agar plates before being incubated at 25°C for
another 3 days as well.
Preparation of M9 Buffer
3g of KH₂PO₄, 6g of Na₂HPO₄, and 5g of NaCl were added to 1L of H₂O before being autoclaved
at 15psi for 20min. 1mL of MGSO₄ was then added to the mixture.
C. elegans Survival rate
C. elegans was then washed with M9 buffer by micropipetting 500µl the buffer over the NGM
agar plates. The resulting suspension was then collected in a falcon tube and centrifuged at
4800rpm for 5 minutes. The pallet containing C. elegans was resuspended in the M9 buffer
before being transferred onto NGM plates and incubated at 25°C for 24h. For each NGM agar
plate, 5 circular zones were randomly selected. Using a microscope, the survival rate in each
zone was calculated using the formula - Number of moving C. elegans / Total number of C.
elegans.
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Results and Discussion
Survival Rates of C. elegans in Each NGM Agar Plate
The experiment was repeated a total of 5 times and the data obtained was combined and
averaged. A series of graphs comparing the survival rates in each of the plates are as shown
below. For each series of results and graphs, a Kruskal-Wallis Test was used to validate the
statistical significance of the results. For statistically significant results (p-value < 0.05), results
are coloured blue, while statistically insignificant results (p-value > 0.05) are coloured red.
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Fig. 2
Kruskal-Wallis Analysis for Survival Rates of C. elegans with E. coli food source
Set-Ups for Comparison

p-value

Control vs Heat Stress

0.00225

Control vs Alcohol Stress

0.00003

Heat Stress vs Alcohol Stress

0.08086

The negative control used in this experiment was C. elegans with E. coli food source. From Fig.
2, the survival rate of the heat stressed and alcohol stressed C. elegans are lower than that of
the unstressed (control) C. elegans (p-value < 0.05).
Although the graph shows that error bars between survival rate of heat stressed and alcohol
stressed C. elegans do not overlap, the Kruskal-Wallis Test shows that the difference is not
statistically significant (p-value>0.05). This is likely due to the sample sizes of the heat-stressed
organisms being too small, as most plates had a low C. elegans population. The calculated
percentage survival rates of the heat-stressed C. elegans would have been inaccurate, reflected
in the Kruskal-Wallis Test. Thus, as the difference between survival rates of heat and alcohol
stress C. elegans are insignificant, the effects of heat and alcohol stress on survival rates of C.
elegans are similar.
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Fig. 3
Kruskal-Wallis Analysis for Survival Rates of C. elegans with E. coli food source
Set-Ups for Comparison

p-value

Control vs Heat Stress

0.00106

Control vs Alcohol Stress

<0.00001

Heat Stress vs Alcohol Stress

0.00106

The positive control used in this experiment was C. elegans fed with the food source L.
rhamnosus. From Fig. 3, the difference in survival rate of alcohol-stressed C. elegans and the
unstressed (control) C. elegans is significant, showing that L. rhamnosus is unable to
completely negate the effects of the alcohol stress on growth and survival rate of C. elegans.
Thus, L. rhamnosus has limited efficacy in alcohol stress relief.
The error bars in the graphs of the survival rates of alcohol-stressed and heat-stressed C.
elegans do not overlap. This is also supported by the Kruskal-Wallis Test, which suggests a
significant result (p-value<0.05). Therefore this shows that L. rhamnosus has a different efficacy
in reducing effects of heat stress as compared to alcohol stress. L. rhamnosus is unable to
negate the effect of heat stress at all as there was no surviving C. elegans observed.
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Fig. 4
Kruskal-Wallis Analysis for Survival Rates of C. elegans with E. coli +M. piperita food
source
Set-Ups for Comparison

p-value

Control vs Heat Stress

0.00011

Control vs Alcohol Stress

0.69355

Heat Stress vs Alcohol Stress

0.00011

From Fig. 4, survival rate of alcohol-stressed C. elegans is very similar to survival rate of
unstressed (control) C. elegans. This is further supported by the Kruskal-Wallis Test, showing
insignificant statistical difference between the 2 results (p-value>0.05). Thus, E. coli + M.
piperita food source proved effective in completely reducing all effects of alcohol stress on C.
elegans.
However, as the survival rate of heat-stressed C. elegans was at 0.00%, E. coli + M. piperita
food source was ineffective in reducing effects of heat stress on C. elegans. This also suggests
that E. coli + M. piperita has a higher efficacy in alleviating effects of alcohol stress than in
alleviating effects of heat stress.
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Fig. 5
Kruskal-Wallis Analysis for Survival Rates of C. elegans with E. coli +M. chamomilla
food source
Set-Ups for Comparison

p-value

Control vs Heat Stress

0.00003

Control vs Alcohol Stress

<0.00001

Heat Stress vs Alcohol Stress

0.00003

From Fig. 5, the survival rates of the alcohol and heat stressed C. elegans are different from that
of the unstressed (control) C. elegans. These results are deemed statistically significant
(p-value<0.05), suggesting that E. coli + M. chamomilla is unable to completely reduce the
effects of either alcohol or heat stress on C. elegans.
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Fig. 6
Kruskal-Wallis Analysis for Survival Rates of Heat-Stressed C. elegans
Set-Ups for Comparison

p-value

E. coli + M. piperita vs L. rhamnosus

1.000

E. coli + M. piperita vs E. coli

1.000

E. coli + M. chamomilla vs L. rhamnosus

0.03209

E. coli + M. chamomilla vs E. coli

0.03209

E. coli + M. chamomilla vs E. coli + M. piperita

0.01285

From Fig. 6, most of the set-ups had a survival rate of 0.00%. Only in the set-up where C.
elegans were provided with E. coli + M. chamomilla did the survival rate become 20.0%. As the
error bars between the survival rates of this set-up with rest do not overlap, it can be concluded
that this result is statistically significant, and that E. coli + M, chamomilla is effective in reducing
the effects of heat stress on the growth and survival of C. elegans. This is further supported by
the Kruskal-Wallis Test, which shows statistical significance in the difference in survival rates
between the C. elegans provided with E. coli + M. chamomilla food source and the rest.
However, these results may not be as reliable. When C. elegans was observed under the
microscope for each of these set-ups, most set-ups had a population size less than 5. The small
sample size could be attributed to the intense heat, which was outside the tolerable limit of C.
elegans, causing growth and reproduction rate of C. elegans to be lower. Thus, with a smaller
sample size, the results for the heat stress tests are more unreliable.
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Fig. 7
Kruskal-Wallis Analysis for Alcohol-Stressed C. elegans
Set-Ups for Comparison

p-value

E. coli + M. piperita vs L. rhamnosus

<0.00001

E. coli + M. piperita vs E. coli

<0.00001

E. coli + M. chamomilla vs L. rhamnosus

<0.00001

E. coli + M. chamomilla vs E. coli

<0.00001

E. coli + M. chamomilla vs E. coli + M. piperita

0.01440

For the study in alcohol stress, Fig. 7 demonstrates that each of the set-ups have a significantly
different survival rate of C. elegans in each, (p-value<0.05 for all comparisons), with C. elegans
with E. coli food source having the lowest survival rate, and C. elegans with E. coli + M. piperita
food source having the highest survival rate. This suggests that E. coli + M. piperita has the
highest efficacy in reducing effects of alcohol stress. This is also supported by the data
observed in Fig. 4, as it was able to completely reduce effects of alcohol stress on C. elegans.
Additionally, as survival rate of C. elegans with E. coli + M. piperita food source is a significant
value from survival rate of C. elegans with E. coli + M. chamomilla, M. piperita and M.
chamomilla do not have same efficacy in alleviating effects of alcohol stress on C. elegans, but
are both significantly more effective than L. rhamnosus (p-value<0.05 for each comparison).
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Conclusion
From the experiment, it can be concluded that heat stress has a greater effect on C. elegans
survival rate than alcohol stress.
By comparing the survival rates of the C. elegans with L. rhamnosus food source and with the
C. elegans with herbal decoction food source, it is observed that the two herbal decoctions
possess a higher efficacy in alleviating effects of alcohol stress, with M. piperita proving to have
the higher efficacy of the 2. However, for heat stress, M. piperita did not have any effect on C.
elegans, compared to M. chamomilla, which saw a 20% higher survival rate.
However, from our studies, the survival rate of the heat-stressed C. elegans was 0% for 3 out of
4 set-ups. This is likely due to the intensity of heat-stress induced on the C. elegans, as C.
elegans can only survive in temperature range 25°C - 32°C. Our experimental set-up for heat
stress was set at 37oC. In future experiments, it would be better to set the heat-stress at a lower
temperature of 32oC in order to see a greater variation in results and explore the efficacy of the
M. piperita herbal decoction in alleviating effects of heat stress, in relation to L. rhamnosus.

Further Studies
One of the limitations of our study was the inability to standardise the lifespan, sizes and
quantity of C. elegans present throughout the set ups. The stages of C. elegans growth could
not be controlled.
Furthermore, there have been time constraints in our research and we could not have enough
time to perfect the set ups and had only 2 rounds of data collection. These 2 rounds of data
collection were too minimal and insufficient to conclude our findings. Furthermore, as only a total
of 5 set-ups were collected over the course of these 2 rounds of data collection, when
subjecting results to data analysis, the Kruskal-Wallis Test was used. The rigour of the study
and the analysis was compromised. In the future, given more time, at least 15 sets of data
should be collected in order to subject these results to the more rigorous statistical analysis
using the Student’s T-Test.
Another limitation of our study was setting the heat stress at 37oC, beyond the upper limit of
recommended temperature for rearing C. elegans. We should have set the heat stress to 32oC
so that the induced heat stress at the upper limit can be studied without most of the subjects
perishing. The survival rates would not be zero and the efficacy of the two decoctions can then
be studied alongside the positive and the negative controls. Additionally, for the heat stress
tests, as the number of C. elegans visible under the microscope was small, this resulted in a
smaller sample size and very large variation in the data collected. It is also not reliable to
compare the survival % to several data points with absolutely no survivor nor observable
subjects (C. elegans) at all.
An application of the results of our research is its potential use in the pharmaceutical industry.
M. charmimilla, M. piperita may be used in medical therapy as an alternative to reduce toxicity in
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alcohol, as it demonstrates a higher efficacy than L. rhamnosus, and by extension,
Lactobacillus. However, as the results for heat stress were inconclusive due to experimental
errors, an equal comparison cannot be made about the efficacy of L. rhamnosus, M. piperita
and M. chamomilla.

15

16

References
Gu, Z., Liu, Y., Hu, S., You, Y., Wen, J., Li, W., &amp; Wang, Y. (2019, May 27). Probiotics for
alleviating alcoholic liver injury. Gastroenterology Research and Practice. https://hindawi.com/jo
urnals/grp/2019/9097276/
Herbal tea market Segment, SIZE, Share, global Trends, 2025: MRFR. (2020, February).
Retrieved February 15, 2021, from https://www.marketresearchfuture.com/reports/herbal-tea-ma
rket-5420
Hong, Y. (2016, December). Effects of the herb Mixture, DTS20, on oxidative stress and plasma
alcoholic metabolites after alcohol consumption in healthy young men. Retrieved February 15,
2021, from https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5390758/
Lu, D., &amp; Cox, L. (2021, July 7). Extreme temperatures kill 5 million people a year with
HEAT-RELATED deaths rising, study finds. The Guardian. https://www.theguardian.com/world/2
021/jul/08/extreme-temperatures-kill-5-million-people-a-year-with-heat-related-deaths-rising-stud
y-finds.
Lundgren, K. K., Kuklane, K., Gao, C., & Holmér, I. (2012). Effects of Heat Stress on Working
Populations when facing Climate Change. Retrieved April 02, 2021, from https://portal.research
.lu.se/portal/files/4068360/3358909.pdf
Poswell F., Russel G., Mackonochie M., MacLennan E., Adukwu E., Rolfe V. (2019, June 26).
Herbal Teas and Their Health Benefits: A Scoping Review. Retrieved February 15, 2021, from
https://www.researchgate.net/publication/334061714_Herbal_Teas_and_their_Health_Benefits_
A_Scoping_Review
Ravikumar, C. (2014, January). (PDF) review on herbal teas. Retrieved February 15, 2021, from
https://www.researchgate.net/publication/287478165_Review_on_herbal_teas
Ritchie, H., & Roser, M. (2018, April 16). Alcohol consumption. Retrieved February 15, 2021,
from https://ourworldindata.org/alcohol-consumption
Rubin, A., &amp; Rubin, A. (2018, July 12). The danger of drinking alcoholic beverages in hot
weather. Retrieved February 15, 2021, from
https://www.flushinghospital.org/newsletter/the-danger-of-drinking-alcoholic-beverages-in-hot-w
eather/
Song, X., Luo, J., Fu, D., Zhao, X., Bunlue, K., Xu, Z., &amp; Qu, M. (2014, October).
Traditional Chinese medicine Prescriptions Enhance growth performance of Heat stressed beef
cattle by Relieving heat stress responses and increasing apparent nutrient digestibility.
Retrieved February 15, 2021, from
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4150185/

16

17

Xie, Y., Chen, Z., Wang, D., Chen, G., Sun, X., He, Q., Luo J., Chen T., Xi Q., Zhang Y., Sun, J.
(2020, May 26). Effects of Fermented Herbal Tea Residues on the Intestinal Microbiota
Characteristics of Holstein Heifers Under Heat Stress. Retrieved February 15, 2021, from
https://www.frontiersin.org/articles/10.3389/fmicb.2020.01014/full#h6

17

