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ABSTRACT

	Background
Coffee is a globally consumed beverage, with substantial interest in its biological effects. It contains both irritant and protective agents.

Objective
[bookmark: _Hlk195255662]This experiment aimed to evaluate the impact of roasted roasted Coffea arabica/C. arabica (arabica coffee) and Coffea canephora/C. canephora (robusta coffee) on the histopathological alterations in the gastric tissue of Mus musculus. 

Methods
[bookmark: _Hlk195378172][bookmark: _Hlk195378235]A laboratory-based experimental design, utilizing a post-test control group setup, was employed for this study. Thirty mice were randomly assigned to one of three groups: a control group (K) receiving standard chow and distilled water, a group administered C. arabica powder at a dose of 0.1 grams dissolved in 1.8 ml of distilled water per day, gavage for 7 consecutive days, and a group receiving an equivalent dose of C. canephora powder via the same administration protocol. Gastric tissues were processed using standard paraffin embedding techniques, followed by Hematoxylin and Eosin (HE) staining for histological examination. The histopathological assessment of gastric tissue was conducted to evaluate the extent and severity of morphological damage, utilizing the Wattimena scoring system. Statistical analysis was performed using the Kruskal-Wallis test within the IBM SPSS Statistics 25 software suite. 

Result
The results indicated that neither roasted C. arabica nor roasted C. canephora induced significant histopathological changes in the gasters of the mice (Mus musculus). Additionally, no statistically significant differences were observed between the effects of both coffee powders on the gastric histopathology. 
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INTRODUCTION 
[bookmark: _Hlk195368005]Coffee is one of the most widely consumed beverages globally, primarily due to its distinctive aroma and flavor profile. Coffee is commercially available worldwide and is derived from two primary plant species: Coffea arabica/C. arabica and Coffea canephora/C. canephora (commonly known as Arabica and Robusta coffee, respectively). These species are rich in biologically active compounds, including nicotinic acid, quinolinic acid, trigonelline, pyrogallic acid, tannic acid, and caffeine.¹ 
A standard cup of coffee typically contains approximately 100 mg of caffeine; however, other sources estimate that 240 mL of brewed coffee can contain between 72–130 mg of caffeine.² The generally accepted safe upper limit for daily caffeine intake in adults is approximately 300 mg.³ In addition to caffeine, coffee also provides essential minerals. For example, it contributes up to 8% of the daily recommended intake of chromium (Cr) and contains approximately 63.7 mg of magnesium (Mg) per 100 mL. Coffee is also recognized as a significant dietary source of polyphenols, including caffeic acid, chlorogenic acid, coumaric acid, ferulic acid, and sinapic acid—compounds known for their antioxidant and anti-inflammatory properties.⁴,⁵
Polyphenols represent the most abundant group of antioxidants in the human diet, with average daily intake estimated at around 1 gram. These compounds exhibit antioxidant activity approximately ten times greater than that of vitamin C and up to one hundred times more potent than vitamin E and carotenoids. Among beverages, coffee ranks as one of the richest sources of dietary antioxidants, with C. canephora possessing a higher antioxidant capacity than other varieties. Antioxidants are molecules that inhibit oxidative stress by neutralizing reactive oxygen species (ROS), including free radicals, which are generated endogenously and exacerbated by various environmental and physiological stressors. The polyphenolic compounds in coffee can scavenge ROS, thereby protecting cells from oxidative damage and mitigating inflammatory responses.⁶ 
Some studies suggest that coffee, particularly its caffeine content, may stimulate gastric acid secretion, leading to increased gastric acidity and potential irritation of the gastric mucosa. Caffeine, an alkaloid, is known to enhance the secretion of hydrochloric acid (HCl) in the gaster. The gastric mucosa serves as a critical barrier, protecting the gaster lining from autodigestion by HCl and pepsin. When the integrity of the gastric mucosal barrier is compromised, HCl can diffuse into the mucosa, resulting in tissue damage. This damage promotes the conversion of pepsinogen to its active form, pepsin, and stimulates mast cell-mediated histamine release. Histamine increases capillary permeability, leading to edema and potential vascular injury. Chronic exposure to such irritants may cause inflammation, which, over time, can result in fibrotic tissue replacement, atrophy of mucosal epithelial cells, and degradation of the mucosal lining.⁷
Conversely,other studies propose that caffeine may exert anti-inflammatory effects by acting as a ROS inhibitor, thereby suggesting a protective role for coffee in gastrointestinal health.⁸ Given the conflicting data regarding the impact of coffee on gastric physiology—both as a potential irritant and also a protective agent—this study aims to evaluate the effects of roasted C. arabica and C. canephora powder on the gastric morphology of mice.

material and methods
This study was a laboratory-based experimental investigation designed to evaluate histopathological differences in the gastric mucosa of mice across three experimental groups. A post-test-only control group design was utilized. Sample size determination followed the Federer formula, which is commonly applied in animal experimental studies.
The study population consisted of healthy male Swiss Webster mice (Mus musculus), aged approximately 2 weeks, with body weights ranging from 20 to 40 grams. A total of 30 mice were randomly assigned to three groups (n = 10 per group):
1. Control group
2. Treatment Group I – Roasted Coffea arabica powder
3. Treatment Group II – Roasted Coffea canephora powder
It is known that 13 grams of coffee powder brewed in a standard cup (240 mL) contains approximately 95 mg of caffeine. A moderate human caffeine dose (300 mg) is equivalent to approximately 41 grams of coffee powder. Using the Laurance and Bacharach interspecies dose conversion table, this was translated to a mouse-equivalent dose of 0.1 grams.
· The control group received no treatment.
· Mice in Treatment Group I were administered 0.1 grams of roasted C. arabica powder dissolved in 1.8 mL of distilled water, given orally via gastric gavage once daily for seven consecutive days.
· Mice in Treatment Group II received 0.1 grams of roasted C. canephora powder using the same solvent volume and administration protocol.
The experiment was conducted at the Integrated Laboratory, Faculty of Medicine, Universitas Kristen Indonesia, from September to October 2020. All mice underwent a one-week acclimatization period to adjust to laboratory conditions prior to treatment.
At the end of the treatment period, mice were euthanized using the cervical dislocation technique, and gastric tissues were harvested. The tissues were fixed in 10% neutral buffered formalin, processed using standard paraffin embedding techniques, sectioned with a microtome, and mounted onto glass slides. The sections were stained with Hematoxylin and Eosin (H&E) and examined under a light microscope at 200× magnification.
The severity of gastric mucosal erosion was evaluated using the Wattimena scoring system, which classifies histopathological damage based on the depth of erosion:
· Score 1: No erosion observed
· Score 2: Erosion limited to the surface epithelium
· Score 3: Erosion involving the upper one-third of the gastric glands
· Score 4: Erosion extending into the middle one-third of the gastric glands
· Score 5: Erosion involving the lower one-third of the gastric glands
· Score 6: Erosion reaching the lamina muscularis mucosae
Data were analyzed using SPSS statistical software (version [insert version]), and appropriate statistical tests were applied to determine the presence of significant differences between groups, with a significance level set at p < 0.05.
results 
There were no observable differences in the physical appearance of the mice across the control group, Treatment Group I, and Treatment Group II, both before and after the experimental procedures.
[image: ]In the control group, nine out of ten mice were assigned a Wattimena Score of 1, indicating normal gastric histology with intact mucosal layers and no evidence of epithelial erosion or inflammatory changes (Figure 1.A.). One mouse demonstrated a Wattimena Score of 2, characterized by mild erosion of the gastric epithelium (Figure 1.B.) 
[image: ]                 1.A. 				                                   1.B.

Figure 1. Microscopic histopathological image of mice gastric in control group
The mucosal layer (green arrow), the tunica muscularis layer (yellow arrow), and the submucosal layer (blue arrow) are visible. (1A) wattimena score 1. A single-layered columnar epithelium is present without erosion (pink arrow); (2B) wattimena score 2. Erosion is visible on the surface of the gastric epithelium (black arrow)

In Treatment Group I, which received 0.1 grams of roasted Coffea arabica, nine out of ten mice exhibited Wattimena Score 1 histology, similar to the control group (Figure 2.A). One mouse showed Wattimena Score 2, indicating superficial mucosal erosion (Figure 2.B).
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     2.A.                                                                            2.B.
Figure 2. Microscopic histopathological image of mice gastric in treatment group I
(A) Wattimena Score 1. Normal mucosa, submucosa, tunica muscularis externa, and serosa layers are visible without erosion or signs of inflammation (pink arrow); (B) Wattimena Score 2. Erosion is visible on the surface of the gastric epithelium (black arrow).

In Treatment Group II, which received 0.1 grams of roasted Coffea canephora, seven out of ten mice showed Wattimena Score 1, indicating preserved gastric histology without evidence of inflammation (Figure 3.A). The remaining three mice presented with Wattimena Score 2, showing superficial epithelial erosion of the gastric mucosa (Figure 3.B.).
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                3.A.						         3.B.	
Figure 3. Microscopic histopathological image of mice gastric in treatment group II
(A) Wattimena score 1. Normal mucosa, submucosa, tunica muscularis externa, and serosa layers are visible without erosion or signs of inflammation (green arrow); (B) Wattimena score 2. Erosion is visible on the surface of the gastric epithelium (black arrow).

The result from 3 groups of mice are shown in the table below.

Table 1. Results of Microscopic Observations of Histopathological Images of Mice Gastric
	Wattimena Score
	Number of Mice

	
	Control
	Group I
	Group II

	1
2
3
4
5
6
	9
1
0
0
0
0
	9
1
0
0
0
0
	7
3
0
0
0
0



Data The data obtained from histopathological evaluation were analyzed using the Kruskal-Wallis test to determine statistical differences among the three groups..

Table 2. Kruskal-Wallis Test Results
	
	Histopathology

	Kruskal-Wallis H
	2.167

	df
	2

	Asymp. Sig.
	0.338







The Kruskal-Wallis test yielded a p-value of 0.338, which is greater than the threshold of significance (p > 0.05). Therefore, it can be concluded that there were no statistically significant differences in gastric histopathological outcomes among the control, Treatment Group I, and Treatment Group II.

DISCUSSION 
The gastric mucosa is regulated by two main mechanisms: aggressive factors and defensive factors. The primary aggressive factors are gastric acid and pepsin, which play a critical role during conditions of hypersecretion, such as in duodenal ulcers. In contrast, the defensive factors of the gastric mucosa, collectively referred to as cytoprotection, help to maintain mucosal integrity and are influenced by several key elements: (1) Mucus (glycoproteins) and bicarbonate, which serve to protect the mucosa from the damaging effects of acid, pepsin, bile, and external irritants such as salicylates and nonsteroidal anti-inflammatory drugs (NSAIDs); (2) Mucosal resistance, including the electrical potential of the mucous membrane and the processes of wound healing. Bile and salicylates reduce the electrical potential, impairing mucosal cell proliferation, particularly in chronic ulcers; (3) Decreased mucosal blood flow, which can lead to cellular anoxia, reduced mucosal resistance, and an increased susceptibility to gastric ulceration; (4) Prostaglandins, produced by the gastric and duodenal mucosa, significantly enhance mucosal resistance by promoting the secretion of mucus and bicarbonate, maintaining the function of sodium pumps, and improving blood flow to the mucosa. 
In the control group, the histopathological examination revealed largely normal gastric tissue, with intact layers and no signs of erosion or inflammation. This suggests that the administered diet and water did not contain any irritants that could damage the gastric mucosa. The vascularization and integrity of the gastric provide protection under normal conditions. Additionally, the regeneration of gastric cells is optimal, supported by adequate nutrition and oxygen supply. Under normal circumstances, the gastric barrier also protects the stomach from the deleterious effects of hydrochloric acid (HCl) and the back diffusion of hydrogen ions (H+)..31

In coffee, chlorogenic acid is the most dominant acid, which is around 8% in coffee beans and 4.5% in roasted coffee. The content of chlorogenic acid in roasted C. arabica is 1.9-2.5g/100g and in roasted C. canephora is 3.3-3.8g/100g. Most of the chlorogenic acid is converted into caffeic acid and quinic acid during the roasting process. Chlorogenic acid belongs to the ester family which is formed from a combination of quinic acid and several trans-cinnamic acids, generally caffeic, p-coumaric, and ferulic acids. Chlorogenic acid has several benefits, one of which is as an antioxidant.35 The antioxidant content in coffee is approximately 300mg/gram of coffee. Giving coffee at the right dose can make chlorogenic acid in coffee produce a gastroprotective effect. Interleukin-18 levels as a biomarker of inflammation and 8-isoprostane as a product of lipid peroxidation can be suppressed by antioxidant activity in coffee. Chlorogenic acid inhibits neutrophil migration and increases the number of catalase, superoxide dismutase, glutathione peroxidase, glutathione, and thiobarbituric acid.36,37
In this study moderate dose coffee still has no significant harm effect on gastric mucosa.

Several mice in the study exhibited erosion of the gastric surface epithelium, a condition that can arise from a variety of etiological factors, with stress being one of the key contributors. Stress activates a cascade of physiological responses, including alterations in gastrointestinal motility and an increase in gastric acid secretion. Prolonged elevation of gastric acid, particularly hydrochloric acid (HCl), can lead to mucosal irritation, and if left unaddressed, it may progress to the erosion of the gastric epithelial lining. The excessive production of gastric acid disrupts the balance between aggressive and defensive factors in the stomach. HCl, secreted by parietal cells, is converted into pepsin, which, along with HCl, acts as an aggressive factor. Pepsin is particularly detrimental to the gastric mucosa due to its high activity at low pH (<4). This imbalance between acid secretion and protective mechanisms weakens the gastric barrier, allowing for the back diffusion of protons (H+ ions) into epithelial cells, exacerbating the damage. Additionally, stress-induced histamine release further enhances acid secretion, leading to capillary dilation, increased vascular permeability, and subsequent damage to the gastric mucosa, contributing to the development of gastric ulceration..33,34

Caffeine has positive effects on the body at low to moderate doses. Effects that can arise include increasing fight or flight, can stimulate the heart muscle, stimulate the smooth muscle relaxation center, and increase energy. Low to moderate doses of caffeine are 50-300mg/day. The higher the dose of caffeine in coffee, the more negative impacts it can have on health such as tremors, restlessness, decreased memory, anxiety, excessive fatigue, insomnia, increased blood pressure, increased stress, heart attacks, strokes, digestive disorders, addiction, and premature aging. 28,30 In this study the mice were fed with moderate dose daily and it seems that there is still no significant result to histopathological appearance. May be if the mice had been given the higher dose the result can be more significant.

Although the results showed a trend toward increased gastric erosion in the treatment group I (robusta group), the lack of statistical significance may be attributed to the limited sample size. Increasing the number of animals could enhance statistical power and potentially reveal meaningful differences. However, this must be carefully weighed against ethical considerations regarding animal use. Any increase in sample size should be scientifically justified and balanced by efforts to reduce unnecessary animal use. Future studies might also consider alternative or adjunct models, such as in vitro systems, to minimize ethical burden while strengthening the robustness of the findings.

Conclusion
There was no statistically significant difference in the histopathological profiles of the gastric tissues between the mice treated with C. arabica and those treated with C. canephora. These results indicate that, under the conditions of this study, oral administration of roasted coffee from either C. arabica or C. canephora does not induce observable deleterious effects on the structural integrity of gastric tissue.
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