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ABSTRACT

Background: Diarrhea is a condition of increased fecal water content of more than 200 grams or 200 ml/24 hours with a
liquid or semi-liquid consistency. Complications of diarrhea, dehydration and malnutrition are still world health problems.
Lime peel extract contains tannins which have astringent properties. Tannins are indicated as an alternative anti-diarrheal
agent by tightening and forming a protective layer on the intestinal mucosa thereby reducing osmolarity. Aim: To examine
the consistency, fecal water content, and frequency of defecation of bisacodyl-induced diarrhea in mice that are given lime
peel extract. Methods: This research was an experimental with post test only group design. Thirty-six male mice were
included and then divided into 5 groups with bisacodyl induction and 1 normal control group (KM) without bisacodyl
induction. The negative control group (KN) was given 0.5 ml Tween 80 1%, the positive control group (KP) was given
attalpugite 0.4 mg/40gW, treatment group 1 (X1), treatment group 2 (X2), treatment group 3 (X3 ) were given lime peel
extract at graded doses of 125, 250, and 500 mg/KgW. Consistency, fecal water content, and frequency of defecation were
observed every 30 minutes for 4 hours by observing the consistency of feces, weighing wet and dry feces to measure the
water content, and measuring the frequency of defecation in each group. Data were analyzed statitiscally using Kruskal
Wallis test with Post Hoc Mann Whitney test. Results: There were significant differences between the comparison of
defecation frequency in the X3 group and the KM group, for the fecal water content comparison between the X3 group and
the KN group, and no significant differences in the following group comparisons. Conclusion: Lime peel extract cannot
reduce the frequency of defecation, fecal water content, and increase the consistency of feces significantly.
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INTROD_UCTIO_N o _ under five have a mortality rate of 70.6 deaths per
Diarrhea is a condition in which a person 100,000 individuals.® Based on Indonesia Health
defecates with a soft or in the form of watery stool  Pprofile 2017; There were at least 21 cases of diarrhea

and the frequency is more frequent than usual (three  with a Case Fatality Rate (CFR) of 1.97% or 1.725
or more times) in one day. The fecal water content  deaths.” In 2018, the coverage rate of diarrhea cases

which forms a liquid or semi-liquid consistency has jn children under five in Central Java is 40.91%. This
more than 200 grams or 200 ml / 24 hours." Based on is higher than the national average of 37.88%.°
the duration, diarrhea can be classified into acute Diarrhea occurs due to impaired absorption,

diarrhea that past within 2 weeks, persistent diarrhea abnormalities in intestinal motility, and osmotic
that last more than 2 weeks or more, and chronic  abnormalities in the intestinal tract. The clinical
diarrhea that last more than 30 days or years.”  manifestations of diarrhea are well known, but
Diarrhea can cause mild to severe dehydration as diarrhea case management is still inadequatelg
well as malnutrition which causes Severe Acute The management diarrhea and dehydration
Malnutrition (SAM) in children under five years.**  \hich is currently used is fluid management by
Severity of diarrhea is categorized according to the  administering Oral Rehydration Solution (ORS) with
degree of dehydration.® zinc supplementation parallel to the clinical criteria.
Diarrhea is still one of the biggest health  Other managements of diarrhea are antibiotics,
problems in the world. According to research  peristalsis, astrigents, absorbents, and selective anti-
conducted by The Global Burden of Diseases,  secretions.'® Astringent is an antidiarrheal which has
Injuries, and Risk Factors Study (GBD), there were 3 mechanism of action in the process of mucosal

around 4.4 billion episodes of diarrhea cases in all  shrinkage and controls intestinal irritation resulting in
age groups in 2016. Furthermore, in children under  the decrease of fecal water content. One of the
flve, epISOdeS of diarrhea is 1.1 billion cases. examp|e of astringent is tannins. Tannins are

According to GBD, cases of diarrhea in individuals
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astrigents that are classified as polyphenol
compounds. Tannins can bind and precipitate or
shrink proteins. Apart from being anti-diarrheal,
Tannins are also used as antiseptic in wound healing
and anti-bleeding."

There are many plants that contain tannins,
including tea, red wine and lime.** Lime or Citrus
aurantifolia  contains  tannins  with  different
concentrations in different parts of the plant. In 0.5 g
of lime peel extract, there are 0.64% tannins.*?
According to the Center for Agricultural Data and
Information, the total consumption of oranges of
various species in Indonesia was around 1.78 million
tons in 2015, and the amount of unprocessed orange
peel waste was 500,000 tons per year.® There are
still a few innovations for lime peels to reduce the
amount of waste in Indonesia.

Lime peels contains many beneficial
components for the human body, including
polyphenols, essential oils and carotenoids.”* Lime
peels can be used as an antioxidant, antibacterial,
antifungal, and antiviral.'* Lime peels also contain
tannins which allow it to have antidiarrheal effect.

With sufficient amount and benefits of the
tannins contained in lime peels followed by adequate
resources, it has not been followed by utilization and
innovation from various economic sectors and
alternative medicines. To increase the utilization of
lime peels, this study examined the effect of the lime
peel extract on the consistency, fecal water content,
and the frequency of defecation in mice with
diarrhea.

METHODS

This research was an experimental with post
test only group design. The aim of this research was
to figure out the consistency, water content in feces,
and the frequency of defecation of mice given lime
peel extract. Inclusion criteria for mice are male ,
weight 25-30 grams, 3 months of age, healthy,
appeared active, and no anatomical abnormalities.
The criteria for exclusion are mice with behavioral
changes and death.

The research samples were obtained using the
random allocation sampling method which was then
divided into 5 treatment groups with bisacodyl
inducement and 1 normal control group (KM) which
was not induced by bisacodyl. There were 6 mice per
group, therefore the number of samples used were 36
mice. The negative control group (KN) was given 0.5
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ml Tween 80 1%, the positive control group (KP)
was given attalpugite 0.4 mg /40gBW,"™ treatment
group 1 (X1), treatment group 2 (X2), treatment
group 3 (X3) were given lime peel extract doses of
125, 250, and 500 mg/KgW.

The independent variable of this study was
the dose of lime peel extract. The dependent
variables were consistency, water content in feces,
and frequency of defecation of mice. For the
controlled variable it was the dose of bisacodyl.

In this research, samples were acclimatized
for 1 week before the start of treatment, mice were
fed standard pellet and water. After that samples
were transferred into a plastic cage that has been laid
on a parchment paper with an iron mesh holder for 1
hour every day. After randomization and group
division, 5 treatment groups except for KM group
were induced with bisacodyl 100 mg/KgBW to cause
diarrhea.”® Following the defecation, samples were
given drugs or extracts according to the dosage and
treatment group.'” Subsequently the consistency,
fecal water content, and frequency of defecation were
measured every 30 minutes for 4 hours. Every 30
minutes the filter paper or parchment paper should be
replaced with a new one.

Maceration method was used to extract the
lime peel. 500 grams of lime peel were removed
from the fruit, then washed thoroughly. After that,
the lime peel was cut into small pieces and then
oven-dried. Lime peel that had been dried, then
macerated using 70% ethanol to form a gel. Lime
peel extract gel was kept in a glass bottle with room
temprature away from the sun. The lime peel extract
which was still in the form of gel was weighed and
compared with the required amount of emulsion
according to the treatment group. After that, the lime
peell7extract gel was dissolved with 1% to 6 ml tween
80.

To analyze the quantity of tannins in lime
peel extract, the extract was weighed and dissolved
with aquabidest up to 10 ml. Then, with pipette took
1 ml and put it in a 10 ml container that already
contained 7.5 ml of aquabidest. After that 0.5 ml of
folin denis solvent was added, pour 1 ml of 20%
saturated Na2CO3 solution. The extract was then
incubated for 15 minutes and read through a
spectrophotometer with a wavelength of 740 nm. The
reading is calculated using standard curve.'®

The data collected were primary data, which

were obtained directly from observing the
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consistency of feces, weighing wet and dry feces to
measure the water content, and calculating the
frequency of defecation in each group. Observation
were done subjectively and there was no standard
provision regarding objective assessment yet. Data
was tested with Saphiro-Wilk. Then, it was followed
by Kruskal Wallis test with Mann-Whitney post hoc
test.

RESULTS

Table 1 shows the average defecation
frequency of defecation of each group after the
administration of lime peel extract, attalpugite,
bisacodyl, and Tween 80 1%. X2 had the highest
average of defecation compared to X1 or X2.
Frequency of defecation observed directly within 4
hours, by comparing the number of defecation before
administration of lime peel extract (only bisacodyl)
and after administration.

The average defecation frequency of
defecation of each group were compared using mann
whitney test (table 2). The result showed there was a
significant difference between X3 and KM.

The average fecal water content of each
group after the administration of extract and other
substances is shown in table 3. X2 group had the
highest water content average followed by KN and
KM respectively. Other treated group such as X3 and
X1 had the lowest average water content.

The average fecal water content of each
group were compared using mann whitney test (table
4). The result showed there was a significant
difference between X3 and KN. Average fecal water
content in X3 was lower in average compared to KN.

Table 5 shows the fecal consitency of each
group after every 30 minutes for 4 hours after the
administration of extract and other substances. X3
had the fastest consistency change from soft to solid
in one hour, followed by X1 in two hour. X2 had the
longest consistency change compared to other extract
treated group.

Table 1. Defecation frequency of each group

Ave. frequency of

Group defecation Mé’&'&gﬁg miéhrggg
+Deviation Std.
KM 2,8750+0,99 1 A
KP 3,6+2,6 1 ;
KN 2,75+1,75 1 6
X1 3,25+2,21 1 6
X2 3+2 1 7
X3 442,64 1 6

Table 2. Group comparison of defecation frequency

Frequency of Defecation

Group KM KP KN X1 X2 X3
KM - 0192 071 0,099 0,85 0,036*
KP - 0,35 0,73 0,261 0,43
KN - 0,201 0,849 0,085
X1 - 0,142 0,657
X2 - 0,056
X3 -

* p<0,05 Mann Whitney test

Table 3. Fecal water content average of each group

Group Ave. frequency of Minimum Maximum
defecation Content Content
+Deviation Std.
KM 65,96+12,93% 50% 90,16%
KP 67,71+18.56% 35.71% 84.5%
KN 73,867+16,95% 33,33% 85%
X1 67,78+24,03% 23,53% 79,1%
X2 68,83%+25,64% 25% 95%
X3 48,61+13,3% 33,33% 57,57%
Table 4. Group comparison of fecal water content
Fecal Water Content
Group KM KP KN X1 X2 X3
KM - 0,503 0,132 0,548 0,433 0,25
KP - 0,515 0,264 0,987 0,112
KN - 0,067 0,469  0,024*
X1 - 0,215 0,59
X2 - 0,084
X3 -

* p<0,05 Mann Whitney test
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Table 5. Fecal consistency description of each group

Fecal Group
Consistency
every 30 KM KP KN X1 X2 X3
minute
1 Soft Soft Clumpy  Solid Soft Soft
liquid
2 Soft Soft Soft- Clumpy  Yellowish  Semi-
liqud semi- soft- solid
liquid liquid
3 Clumpy Clumpy Clumpy Semi- Soft Solid
liquid liquid liquid solid
4 Semi- Semi- Liquid Solid Clumpy
solid Solid liquid
5 Semi- Solid Clumpy Yellowish
solid liquid clumpy
liquid
6 Solid Soft Yellowish
clumpy
liquid
7 Solid Soft Solid
8 Solid Solid Solid

8=

100+

80+

Kadar Air (%)

20+

60+

40+

p=0,036

Normal

Kontrol Positif Kontrol Negatif 125 mg/dl 250 mg/dl 500 mg/dl

Figure 1. Defecation frequency of each group

p=0.024

Normal Kontrol Positif  Kontrol Negatif 125 mg/dl 250 mg/dl 500 mg/dl

Figure 2. Fecal water content average of each group

Data the frequency of defecation and water
content in each group were tested for normality using
the Shapiro-Wilk test. The normality test showed an
abnormal distribution (p<0.05), therefore hypothesis
test was carried out by using a non-parametric test.
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The comparison of the average defecation
frequency between groups is shown in the bar chart
below (figure 1). Differences between groups were
tested by the Kruskal Wallis test. Administration of
lime peel extract did not significantly affected the
frequency of defecation in mice with diarrhea-
induced bisacodyl. As can be seen from the bar chart,
the administration of bisacodyl without attapulgite in
the KN group did not significantly increase the
frequency of defecation compared to the KM group.

From the results of the Mann Whitney test in
table 2, there was no significant difference between
the 2 groups, except between the KM and X3 group
with p = 0.036. The frequency of defecation in the
X3 was higher in average compared to KM group.

Comparison of fecal water content between
groups is shown in the bar chart in figure 2.
Differences between groups were tested by the
Kruskal Wallis test. Lime peel extract administration
did not have a significant effect on the water content
of mice faeces.

The results of the Mann Whitney test in table
4 show that the water content of mice in the X3
group was significantly lower than KN group which
was only induced by diarrhea without the
administration lime peel extract. This suggests that
lime peel extract, at a dose of 500 mg / kgW may be
useful in anti-diarrheal therapy.

Table 5 shows that bisacody! effects begin to
appear in the first 30 minutes or two. Fecal
consistency returned to solid at the fifth interval for
KP group. In the treatment group that was given lime
peel extract, the consistency of the feces returned to
solid between the third and the eighth interval. Based
on testing the quantity of tannins contained in the
lime peel extract, the quantitative content of tannins
was 1.305%.

DISCUSSION

The average frequency of defecation in the
bisacodyl-induced group without attalpugite 0.4
mg/40 gW administration (KN) was not significantly
different when compared to the KP group. This may
be caused by suboptimal bisacodyl dose to such an
extent that it cannot increase the frequency of
defecation. However, looking at the fecal consistency
data in the KN group which showed a more watery
fecal consistency than the other groups, the
researchers concluded that there was an effect of
diarrhea induction, and data analysis was continued.
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The results of data analysis showed that
administration lime peel extract did not show a
significant reduction in defecation when compared to
the KN group which was not given therapy with lime
peel extract or attalpugite. Lime peel extract may not
have the antidiarrheal effect as expected, or it may
act as an antidiarrheal, however it is not through
inhibitory action. The results obtained contradict
with the research of Juliana (2017) and Adejoh et al.
(2018), each research showed a significant reduction
in the frequency of defecation of experimental
animals which were given lime and sweet orange
peel extract therapy when compared to other
treatment group and the control group.'™ Both
studies indicate the action of tannins in diarrhea with
different methods where the first study showed the
effect of tannins contained in lime plant stem barks
on intestinal motility and the second study indicated
the action of tannins contained in sweet orange peels
on the inhibition of diarrhea stimulation.

In inter-group difference test on fecal water
content, it showed a significant difference between
KN group and the treatment group showing a change
in feal consistency. This change also occurred in the
KM group which was not given any treatment. The
fecal consistency of KM group should not have
changed, however, in this study it was seen that
diarrhea happened up to the 5th interval and then
solidified at the 6th to 8th intervals. There are several
things that cause changes in the consistency of feces
in the KM group, including: bacterial infection due to
an unhygienic environment, or congenital infection
acquired from the breeding site. This is also
mentioned by Lindsey et al. in their book which
states that pathogenic infections in rats or mice can
occur in an unhygienic environment as well as
possible infections that occur during the breeding and
delivery of the subject's animal.?® Another possibility
is that the effect of tween 80 which cannot be fully
absorbed by the intestinal mucosa and increases the
degree of diarrhea.”

Observations of changes in fecal consistency
after administration of lime peel extract generally
showed a faster fecal solidification than the negative
control group (KN), the best effect was obtained at
the lime peel extract 500 mg/KgW (X3), which more
or less comparable to the attalpugite effect. These
results are in line with the hypothesis which states
that the treatment of lime peel extract 500 mg/KgwW
(X3) in mice can increase the consistency of feces.
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Several studies evaluate the effect of lime
and sweet orange peel extracts on fecal water content
and consistency showed that there was a decrease in
water content and solidification of fecal consistency.
In a study by Adejoh et al., stem bark extracted from
lime plants helped to reduce intestinal motility by
inhibiting the movement of fluid in the intestinal
mucosa which was caused by inflammation from
castor 0il."® Another research with sweet orange peel
extract by Juliana showed at the every level dose of
sweet orange peel extract, showed a decrease in
water content and solidification of feces consistency.

Another study on the effects of tannins, as a
candidate for the active compound in lime peel
extract, shows that tannins have the potential to
reduce fecal water content.'” Research conducted by
Misra et al. regarding the antidiarrheal effect of
Moringa leaf extract by calculating the water
contentof wet feces and after dried, showing the
action of tannins on reducing fecal moisture
content.? Research with a similar method was also
carried out by Labu et al. regarding the antidiarrheal
effect of the croton plant leaf extract and Sisay et al.
regarding the antidiarrheal effect of the myrtle plant
leaf extract which also showed the action of one of
the active compounds, which are tannins in both leaf
extracts in reducing fecal water content.”** The
difference with this research was the type of plant
used, the extraction tannin from different part of the
plant, and dilution treatment of the extract.

The data analysis indicated that giving lime
peel extract can improve water content and fecal
consistency due to the fact that there are tannins and
other antioxidants in the lime peel extract. Apart
from being found in lime peel, tannins are also found
in grapes, tea, and immature fruit, and have a
function as an astringent that can work in wound
healing and antidiarrheal.™* This tannin astringent can
form a protein layer in the intestinal mucosa and
reduce surface area of the small intestine which
ultimately prevents fluid loss. In this study, it is
suspected that the astringent properties of tannins
contained in lime peel extract can protect the
intestinal surface from bisacodil irritants by forming
a protein layer around the intestinal lumen. The
precipitation of protein by tannins can reduce
inflammation and edema in the intestines.”
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CONCLUSION

In this study, the consistency and fecal water
content of mice in the 500 mg/KgW group were
more solid and the frequency of defecation did not
change significantly when compared to the KN group
which was given 0.5 ml tween 80 1%, then when
compared with the KM group, the consistency and
fecal water is more solid but the frequency of
defecation has not changed significantly.

The comparison of consistency, fecal water
content, and frequency of defecation in the
subsequent groups did not show a significant
decrease nor fecal solidification. The administration
of lime peel extract did not significantly reduce the
frequency of defecation, fecal water content and fecal
consistency.
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