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ABSTRACT

Introduction: Incisional wound in oral mucosa is usually performed during oral surgery but can also be 
caused by injury. Although wounds can naturally heal, the application of medicine might help accelerate 
wound healing. Proving the effectiveness of natural ingredients is currently being promoted because 
Indonesia owns many plants that are used empirically. The use of natural substances is also supported 
because it is relatively easy to obtain and safe if used properly. Subang Pineapple (Ananas comosus L. 
Merr) is one of the produce of West Java that people consume and empirically use on wounds. Its fruit 
and core contain active ingredients that affect wound healing, such as bromelain enzyme, flavonoids, 
saponin, and alkaloids. This study aims to determine the effect of fruit ethanol extract gel of Subang 
pineapple on Wistar rats oral incisional wound observed from wound length. Methods: 25 rats were 
divided into five groups: baseline, negative control, positive control with 10% povidone-iodine, positive 
control with AloclairTM gel, and treatment group with 20% pineapple ethanol extract gel used as wound 
model on the buccal mucosa. The length of the incisional wound area was examined on days 0, 3, 7, and 
14. Measurement of wound length was performed using a periodontal probe. Results: The mean of wound 
length was smaller especially on day 3 in the treatment group. Post-Hoc Mann-Whitney test (p<0.05 
considered significant) showed the wound decrease with Subang pineapple extract was better than the 
negative control (p=0.008) and povidone-iodine group (p=0.007) but didn’t show a significant difference 
with the Aloclair™ gel group (p=0.0118). Conclusion:  Topical application of pineapple extract affected 
oral mucosa incisional wound healing and had a potential to accelerate wound closure. Further study with 
different concentrations and another type of wound can be suggested.
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INTRODUCTION

Oral mucosa injuries can occur from physical 
trauma, cuts, chemical substances, or idiopathic 

causes. Physical trauma or cuts can happen 
intentionally or not, but both can cause loss of 
tissue continuity in the oral mucosa, which causes 
discomfort, especially during eating and talking. 
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Cuts in oral mucosa usually occur on a sterile oral 
surgery procedure, but this will still cause tissue 
discontinuity and reduce the mucosa’s defence 
system.1,2,3

Oral mucosa wounds will experience a 
healing process like in the other part of the body. 
However, the healing process in the incisional 
wound is less complex than excisional wounds, 
although, in both wound types, the same three 
phases occur. These phases are inflammatory, 
proliferative, and remodeling phases. The 
difference especially showed on the proliferative 
phase on incisional wound since incisional wound 
does not cause loss of lamina propria under the 
mucosa epithelium.2 

Medications are essential to accelerate 
wound healing so that the discomfort caused by 
the injury can be repressed. One of the means 
of medication is by using herbal medicine. This 
kind of treatment appeals to the public because 
of its convenience and safety. Pineapple (Ananas 
comosus L.Merr) is one of the tropical fruits that 
can be used as medicinal plants for wound healing 
found easily in Indonesia. Subang pineapple is 
a West Java produce that has been well known 
all around the country because of its taste, 
distinctive size of the fruit, and availability. 
This variant is also known as Smooth Cayenne in 
other countries. Subang pineapple is well-known 
locally as Simadu or honey variety since its sweet 
taste and aroma. Simadu type is a decent type of 
pineapple in Indonesia, especially West Java. The 
supply of Subang pineapple continues to increase 
because many Subang people choose to cultivate 
them, so they need to be used by the community 
not only for consumption. Some empirical uses of 
pineapple are wound healing, arthritis rheumatoid 
medication, sore throat, as an anticoagulant, 
reducing cholesterol, reducing uric acid, and as a 
bronchitis remedy.4,5,6,7,8,9

Active constituents present in pineapple 
are bromelain, polyphenols, carotenoid, and 
flavonoids such as epicatechin, catechin, and 
gallic acid. Vitamin C, vitamin A, potassium, 
and calcium are the primary nutrients in 
pineapple. Previous studies found that pineapple 
fruit effectively suppressed bacterial growth, 
accelerated skin wound healing, reduced pain or 
swelling, decreased clinical signs of inflammation, 
and had antioxidant properties. Bromelain is 

one of particular substances of pineapple that 
contains enzyme which was reported to have 
been used to treat inflammation, contusion, and 
pain from trauma. Bromelain topical application 
was proved to be safe and effective for treatment 
and debridement of necrotic tissue on skin wound 
healing and does not affect natural wound repair 
activity. This study aims to create formula from 
Subang pineapple consequently, as a source for 
wound healing medication which is easy to obtain 
and with little side effect.4,5,6,8,10,11,12 

METHODS

This experimental study used Wistar rats as a 
standard oral mucosa wound healing process. 

Animal
Before the test, all rats were adapted for seven 
days. Rats were kept in plastic cages measuring 
39cm x 42cm x 15cm (length x width x height) and 
were given a base of husks and woven wire as a 
cover. They were given softened pellets and water 
every day. Rats were put into cages randomly 
consisting of one rat per cage, and each cage was 
marked according to the group.

Ethanol extract of pineapple (Ananas comosus 
L. Merr)
Subang pineapple for this study was obtained from 
Mekar Sari Jaya farm in Subang at least 18 months 
after planting. Ethanol extract gel of Subang 
pineapple was made by maceration method with 
ethanol for 72 hours to acquire concentrated 
liquid extract, and 10 ml liquid extract was 
combined with 2 ml gel base (CMC-Na) to obtain 
20% of pineapple extract gel. 

Groups and treatment
Twenty-five Wistar rats were divided into five 
groups: baseline, negative control, positive 
control with povidone-iodine, positive control 
with Aloclair™ gel, and treatment group with 20% 
ethanol extract gel of Subang pineapple fruit. A 
10mm incision with 1mm depth was done in the 
buccal mucosa surface of each group after a 
general anaesthetic procedure with ketamine by 
using a scalpel and measured with a periodontal 
probe and examined visually. The incision was not 
performed on the baseline group as it was used 
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as an evaluation for normal condition. After the 
incision procedure, the wound was irrigated with 
distilled water and dried with tampons and no 
suturing was done on each group. The medication 
was applied every day on the wound for 14 days 

Figure 1. Incisional wound was done on rat’s buccal mucosa (shown here in a circle)

by using sterile cotton pellets. The wound length 
was observed quantitatively on days 0, 3, 7, and 
14 on all groups except the baseline, by using 
6-inch stainless steel ruler and periodontal probe, 
to perform double-check on the wound (Figure 1). 

Statistical analysis
Wound lengths were measured on days 0, 3, 7, 
and 14 post incision with a periodontal probe. 
The mean of the length in incised rat groups 
was analyzed using the Kruskal-Wallis test since 
the normality and homogeneity test were not 
expected, then continued with Mann-Whitney Post 
Hoc test to find the difference between every two 
groups.

The study with the animal subject had 
received ethical clearance from the Health 
Research Ethics Committee of Faculty of Medicine, 
Jenderal Achmad Yani University with the number 
002/UH1.02/2021. Twenty-five male Wistar rats 
were maintained in an Animal laboratory on 
the Faculty of Medicine, Jenderal Achmad Yani 
University.

RESULTS

Observation of incisional wound healing on 
Wistar rat buccal mucosa with an application of 
ethanol extract gel of Subang pineapple showed 
that in the treatment group, there appeared 
to be a better decrease of wound length than 
other groups, especially in the treatment group 
on day 3. However, on day 7, it showed that the 
application of Aloclair™ gel as positive control II 
has the same effect as the pineapple gel extract 
application. On day 14, the wound all groups had 
already been closed clinically. The Kruskal-Wallis 
test was carried on since the normality test result 
was not expected. The result showed that group 
wound length measurements had a significant 
difference only on days 3 and 7.

Figure 2. Wound condition on day 3. From left to right: A. Negative control; B. Positive control with povidone iodine; C. 
Positive control with Aloclair™; D. Treatment group.



235

Effect of 20% ethanol extract of Subang pineapple gel on oral mucosa incisional wound length (Sabirin et al)

Figure 3. Wound condition on day 7. From left to right: A. Negative control; B. Positive control with povidone iodine; 
               C. Positive control with Aloclair™; D. Treatment group.

Figure 4. Wound condition on day 14; From left to right: A. negative control group, B. positive control group with povidone- 
               iodine, C.positive control group with Aloclair™ gel, and D. treatment group with 20% ethanol extract of pineapple.  
               All the wound had closed on day 14.

Table 1. Measurement of wound length on days 0. 3. 7. and 14

Negative control
10% Povidone-iodine Aloclair™ gel Pineapple extract gel P

Mean diameter (mm)

Day 0 10 10 10 10
1.000
0.004*
0.044*
1.000

Day 3 6.2 5.2 3.6 2.8

Day 7 1 0.6 0 0

Day 14 0 0 0 0
*Kruskal-Wallis test considered significant (p<0.05)

Table 2.   Multiple comparison of wound length on four groups

Group Day 0 Day 3 Day 7 Day 14

Negative control Povidone Iodine 10% 1.000 0.054 0.502 1.000

Aloclair™ gel 1.000 0.008* 0.053 1.000

Pineapple extract 1.000 0.008* 0.053 1.000

Povidone iodine 10% Aloclair™ gel 1.000 0.006* 0.050* 1.000

Pineapple extract 1.000 0.007* 0.050* 1.000

Aloclair™ gel  Pineapple extract 1.000 0.118 1.000 1.000

*Post-Hoc Mann-Whitney test considered significant (p<0.05)

The Post Hoc test result (Table 2) showed 
a significant difference between the treatment 
group and other groups except with Aloclair™ 
application on day 3. However, on the 7th day, 
the mean wound measurement on the treatment 
group differed with a negative control without any 

medication. On day 14, all groups had experienced 
wound closure clinically. The wound condition on 
day 3, 7, and 14 represented on figure 2 to figure 4 
subsequently.difference only on days 3 and 7.The 
Post Hoc test result (Table 2) showed a significant 
difference between the treatment group and 
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other groups except with Aloclair™ application on 
day 3. However, on the 7th day, the mean wound 
measurement on the treatment group differed 
with a negative control without any medication. 
On day 14, all groups had experienced wound 
closure clinically. The wound condition on day 
3, 7, and 14 represented on figure 2 to figure 4 
subsequently.

DISCUSSION

This study showed that ethanol extract gel of 
Subang pineapple in 20% concentration had a more 
rapid wound healing effect than control groups, 
especially on days three dan 7. Aloclair™ gel and 
the povidone-iodine solution was used as a positive 
control because of their use as first aid on wounds 
in general. No statistically significant difference 
between the treatment group and Aloclair™ 
application showed that in this study, the ability 
of pineapple ethanol extract had approached the 
standard of topical mucosa wound medication. 

The wound closure on day 14 on all groups 
showed that on the incisional wound, minimal 
damage of the mucosa and less connective tissue 
loss caused the wound to close in two weeks 
without medication naturally. However, quick 
wound closure is much better since the discomfort 
period can also be suppressed and eventually, it 
can help promote quality of life. 

The ethanol extract gel of Subang pineapple 
can facilitate wound repair by pineapple ethanol 
extract achieved from active constituents such 
as flavonoids, vitamin C, bromelain, saponin, 
carotenoids, and alkaloid, which possibly 
have effects on wound healing phases through 
antioxidant, anti-inflammatory, and antimicrobial 
properties. Those active ingredients in 
pineapple fruit have very low toxicity based on 
studies.9,10,12,13,14,15

Bromelain is the main enzyme found in the 
fruit and stem of the pineapple, which from previous 
studies were found to have anti-inflammatory, 
analgesic, fibrinolytic, anti-edematous, and 
granulation tissue repair properties.5,13 Another 
study of bromelain effect on wound healing also 
found out that bromelain can help decrease days 
of postsurgery inflammation, remove damaged 
or necrotic tissue from wounds by its ability in 
enzymatic debridement, and accelerate skin 

wound healing. Given that this study result 
showed that the healing effect is more evident on 
third and seventh day, it can be concluded that 
the ingredient activity possibly more dominant on 
inflammatory and proliferative phase of incisal 
wound. 

Anti-inflammatory, analgesic, and 
proteolytic effects of bromelain has an important 
role on inflammatory phase as it reduced 
inflammation and promote debridement of 
necrotic tissue. Previous studies showed that 
bromelain acted by reducing bradykinin and 
prostaglandin E2 levels on the inflammation site 
as well as TNF-α expression. The bromelain anti-
inflammatory effect is also managed by controlling 
leukocyte cell surface molecules based on prior 
studies related to chemotaxis, cellular adhesion, 
and induction of pro-inflammatory cytokines. 
Proliferative phase consists of new epithelial and 
granulation tissue establishment and new vascular 
formation. 

The constituent such as bromelain 
acted on proliferative phase by promoting re-
epithelialization, though the mechanism has not 
explained clearly yet. However, flavonoids on 
pineapple also possibly performed during this 
phase. A flavonoid in the plant has been known 
to have antioxidant, antimicrobial, and wound 
healing properties. Flavonoids function as tissue 
repair agents, astringent, and antibacterial in 
wound healing process. 

Epicatechin, catechin, and gallic acid are 
important flavonoids found in pineapple fruit and 
stem. Wound healing mechanisms from flavonoids 
promote collagen synthesis in proliferative phase 
and reduce MDA and TNF-α levels. Epicatechin also 
has an effect in decreasing TGF-ß as the cytokine 
that promotes fibrosis to reduce scar formation. 
Flavonoid performs an antibacterial mechanism 
by weakening the bacteria pathogenicity, 
inhibiting the synthesis of bacterial nucleic acid 
and cytoplasmic membrane function, disrupting 
energy metabolism, and negative permeability of 
cell membrane.2,3,11,15,16

Vitamin C is well-known as a potent 
antioxidant with high bioavailability. Vitamin 
C promotes collagen synthesis and acts as a co-
factor to modify procollagen to collagen in wound 
healing. Vitamin C allows collagen to accelerate 
mucosa wound healing during the inflammatory, 
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proliferative, and remodelling phase.17,18

Saponin and alkaloids on the plant have an 
antibacterial role. Saponin acts through a 
saponification mechanism. It also has antibacterial 
activity against Pseudomonas aeruginosa, 
Staphylococcus aureus and oral bacteria like 
Streptococcus mutans as well as inducing 
phagocytosis. 

The Saponin mechanism on bacteria 
increases the permeability of the cell membrane 
and eventually causes bacteria cell hemolysis. 
On the other hand, alkaloids disrupt the cell 
membrane by damaging the membrane proteins. 
Carotenoids have antioxidant properties, and it 
helps protect tissues and cells from free radicals 
that cause damage and support the immune 
system. 

It can be added that topical medication 
on wounds aims to heal and protect the tissue, 
influence the local metabolism process, and help 
eradicate microorganisms that cause infection. 
The wound healing rate using topical formula 
depends on the type of wound, medication and 
preparation, and its absorption capacity. 12,14,19,20,21

CONCLUSION

Ethanol extract gel of Subang pineapple affects 
incisional wound of Wistar rat oral mucosa. 
However, a subsequent study using different 
concentrations, more samples, and other kinds of 
wounds could be suggested.
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