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ABSTRACT
Inflammatory Bowel Disease (IBD) in children is becoming more prevalent globally. According to epidemiology

studies, it affects many children who live in poor sanitation and unhygienic environments. According to earlier

research done on an animal model and in the human population, SCFAs have been linked to gut inflammation

biomarkers. However, studies on the association of gut inflammation with SCFAs were scarce in Ethiopia. Thus, the

purpose of this study was to assess the relationship between fecal SCFAs and gut inflammation in Hawassa City,

Sidama Region, Ethiopia. A community-based cross-sectional study design was employed, and 82 children were

included. A simple random sampling technique was used to select children from the source population. Independent

samples-t-test, factorial ANOVA, and linear multiple regression were used to analyze data. The mean (± SD) of total

SCFAs was 1.57 (± 0.16) µmoles/g stool sample. Gut inflammation was strongly and negatively correlated with total

fecal SCFAs (r=-0.58, p<0.05). However, there was a moderate and positive correlation (r=0.38, p<0.05) between pH

status and gut inflammation. Antibiotic exposure in the three months prior to the data collection was significantly

associated with both the total and the individual SCFAs. Children who were exposed to any antibiotic in the three

months prior to the data collection had significantly lower SCFAs concentration (1.51 ± 0.11, p=0.021) than their

counterparts. Similarly, antibiotics-exposed children had significantly lower acetic acid (1.3 ± 0.12, p=0.032), butyric

acid (0.79 ± 0.13, p=0.027), and propionic acid (0.86 ± 0.10, p=0.023) than their counterpart. Antibiotic exposure in

the past three months prior to the data collection had a significant impact (F (1,75)=4.2, p=0.034) on the total

SCFAs. About 9.3% variation in the total SCFAs was explained by antibiotic exposure. Likewise, a diet had a

statistically significant effect (F (1,75)=3.6, p=0.041) on the total SCFAs. Diet explained about 8.6% of the total

variation in the total SCFAs. Inflammation in the gut was substantially correlated with fecal SCFAs. Low dietary

diversification and exposure to antibiotics both had an impact on the amount of fecal SCFAs. Government policy

should concentrate on raising community awareness about proper antibiotic usage and enhancing the nutritional

diversity of children under the age of five using the food options.
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INTRODUCTION
The inflammation of an intestinal tract's mucosal lining is a sign 
of the disorder known  as  Inflammatory  Bowel  Disease  (IBD).

The two most common IBD subtypes are Crohn's Disease 
(CD) and Ulcerative Colitis (UC) [1]. Observational studies
have shown that the disorder also shows signs of aberrant
histopathology,   permeability   issues,  and  reduced  nutrient



MATERIALS AND METHODS

Study area and period

This study was conducted at Hawassa, the capital city of the 
Southern Nation, Nationalities and Peoples Region (SNNPR), 
and Sidama National Regional State. The city is 270 km away 
from Addis Ababa, the capital city of Ethiopia. Hawassa is 
bordered by the Wondo Genet District in the East, the South 
Dore Bafeno District in the South, the Oromia Region in the 
North, and the Hawassa Lake and Oromia Region in the West. 
The metropolis is divided into 8 sub-cities and 32 kebeles. 
According to the document of the housing and population 
census, the projected population of the Hawassa metropolis 
administration in 2011 was 329,734 out of which 169,677 were 
males and 160,057 were females [23]. The study was carried out 
from September 2021 to February 2022.

Source population and study design

The source population for this study was all children aged 6-59 
months and living in Hawassa City, Sidama Regional State. A 
community based cross-sectional study design was employed to 
gather the data.

Sample size determination

The sample size was determined using G* power by considering 
the statistical test of linear multiple regression, two-sided, effect 
size 0.13, α value of 0.05, and β-value of 0.10. Thus, the total 
sample size was calculated to be 83. However, a sample size of 82 
was used for the analysis.

Sampling technique

Primary sampling unit was the sub-city at Hawassa city, and then 
the households in the sub-city were the secondary sampling unit. 
In general, four sub-cities (Tabor, Meneharia, Tulla, and Haik 
Dar) based on the city’s demographic data in 2021 obtained 
from the health bureau. In each sub-city, having under-five 
children and a willingness to participate in the study were the 
criteria for including a household in the study. The tertiary 
sampling unit, a child-mother pair, was selected among the 
source population through a simple random sampling.

Inclusion and exclusion criteria for selecting children

Children with the following inclusion criteria were eligible for t 
his study: Age of 6 59 months, the beginning of solid food 
intake, and exclusively breastfed for under two children. 
Children who had travel history, had a chronic disease were 
excluded from this study.

Data collection tools and procedures

For anthropometric data collection from children, permission 
was obtained from the parents. Data were collected from 
children aged 24-59 months by measuring their weight in 
underwear and without shoes with an electronic scale (Type 
SECA 861 or SECA 813, Hamburg, Germany) to the nearest 0.1 
kg and their height in the Frankfort plane with a telescopic 
height instrument (Type SECA 225 or SECA 214) to the nearest 
0.1 cm. Data from children aged 6-23 months, on the other hand, 
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absorption [2]. In many developed nations, it is estimated that 
more than 0.3 percent of the population suffers from IBD, and 
the prevalence is rising in emerging nations [3,4]. Inflammatory 
Bowel Disease (IBD) in children is becoming more prevalent 
globally. According to epidemiology studies, it affects many 
children who live in poor sanitation and unhygienic 
environments [5,6]. Broadly, the disorder is caused by a complex 
interplay between genetic, immunologic, microbial, and 
environmental factors [7,8]. Relatively, early nutrition and 
intestinal microbiota have a big impact on the pathology of gut 
inflammation [9,10]. Early-life malnutrition, enteric infections, 
and small intestinal bacterial overgrowth may encourage 
intestinal barrier disruption and the translocation of intestinal 
bacterial products, which in turn may result in low-grade, 
chronic, subclinical systemic inflammation [11].

The human body system is home to trillions of microorganisms 
that engage in a variety of biological interactions, including 
commensal, parasitic, and mutualistic. One of the body regions 
where commensal bacteria predominately live is the 
gastrointestinal tract [12,13]. It has been discovered that certain 
of these bacteria support gut health in several modes. Others 
have been reported to cause gut inflammation through 
improper activation of the intestinal epithelial immune system. 
Bacterial genera like Campylobacter, Shigella, Yersinia, and 
salmonella were identified as the cause of environmental 
enteropathy that was characterized by gut inflammation [14]. In 
individuals with inflammatory bowel illnesses, there is 
frequently an imbalance in the gut microbiome and a reduction 
in the number of bacteria that produce SCFAs (acetic, 
propionic, and butyric acid) [15].

Short-chain Fatty Acids (SCFAs) have received a lot of interest as 
signal molecules between the gut lumen and the brain among 
the microbial metabolites in the gut [16]. These metabolites are 
essential for gut health because they provide energy to 
enterocytes, regulate metabolism, and have anti-inflammatory 
and anti-oxidant characteristics [17]. Inhibiting LPS-induced 
cytokine synthesis in human T cell proliferation and cytokine 
production was another indication of SCFAs' strong 
immunoregulatory abilities [18]. The generation of SCFAs from 
the fiber by the Lactobacillus and Bifidobacterium genera has 
shown the efficacy of soluble fibers, such as oligosaccharides and 
resistant starch, in alleviating gastrointestinal inflammation. 
Thus, these acids could be employed as indicators of the health 
of those probiotic bacteria that are crucial for early childhood 
growth [18-20].

In animal studies, adding probiotics to the diet reduced levels of 
the pro-inflammatory cytokine’s interleukin-6 and interferon-
gamma. The colon's production of SCFAs served as evidence for 
the mechanism [21,22]. According to earlier research done on an 
animal model and in the human population, SCFAs have been 
linked to gut inflammation biomarkers. However, studies on the 
association of gut inflammation with SCFAs were scarce in 
Ethiopia. As a result, the purpose of this study was to assess the 
relationship between fecal SCFAs and gut inflammation in 
Hawassa City, Sidama Region, Ethiopia.
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centrifugation at 20,000 × g at 4°C for 15 minutes. This step 
was repeated once with 600 µL of supernatant recovered from 
the previous centrifugation. Finally, about 560 µL of each 
sample solution was transferred to a test tube for further analysis 
[27]. A standard solution was prepared for the major colonic 
SCFAs: Acetic acid, butyric acid, and propionic acid (all the 
acids were of analytical grade, 99.8%). To construct a standard 
curve, the mixture of the acids was adjusted in the 
concentrations level of 20 mg/L, 15 mg/L, 10 mg/L, 5 mg/L 
and 1 mg/L. Then, using the total maximum absorbance, the 
concentration of all SCFAs was estimated. Additionally, the 
mathematical matrices were used to determine the 
concentration of each SCFA [28]. The stool was appropriately 
blended and homogenized with 10 ml of distilled water before 
to the fecal pH test. Complete immersion of the pH meter's 
probes in the mixture for 1 minute was followed by recording of 
the reading. The test was conducted with the help of the 
portable pH meter (Hanna Instruments, USA) [29].

Gut inflammation test

This was tested through fecal leukocytes count. Fresh stool 
samples were examined for the presence of fecal leukocytes on 
smears made onto glass slides within 20-30 minutes after the 
stools were collected as described in clinical diagnosis guidelines 
[30,31]. The stools for microscopic examination were chosen 
from an area with blood or mucus if present. Each sample was 
stained with methylene blue (Himedia, Mumbai, India) and 
examined by an experienced laboratory technician who was 
blinded to the source of the sample (stunted or not stunted 
children). Microscopic examination of the preparations was 
done by examining each for 10 minutes using an optical light 
microscope. The numbers of Leukocytes per field (Lpf) (Oil 
immersion field, magnification, 1000x) were determined in at 
least 20 fields. The average results were categorized as follows: 3 
to 5 Lpf, 6 to 10 Lpf, 11 to 15 Lpf, or 16 Lpf. Based on previous 
studies, we chose a cutoff point of 10 Lpf to decide the presence 
of a gut inflammation related to an enteric infectious bacteria 
[32].

Bacterial culture as a conformation test

Stool samples were collected using clean, dry, and leak-proof 
stool cups and immediately placed into the Cary-Blair transport 
medium (Oxoid Ltd., Basingstoke, UK). Samples were 
transported to Hawassa University’s Food Microbiology 
Laboratory in cold boxes with ice packs within 2 hours of 
collection for further processing. Stool samples were directly 
inoculated onto MacConkey agar, Salmonella-Shigella agar, and 
Xylose Lysine Deoxycholate agar after enrichment with Selenite 
cystine broth and incubated at 37°C for 18-24 hours. After 
incubation, bacterial isolates were identified to the genus level 
by the colony morphology and biochemical characteristics of the 
isolates [33].

Data analysis

Before the data processing, each filled questionnaire was checked 
for completeness and consistency. Then, the data were coded, 
entered and cleaned using SPSS version 20⋅0 (SPSS,
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were collected by measuring the child's weight and that of the 
mother/caregiver, then subtracting the weight of the mother/
caregiver from the sum weight of the child and the mother/
caregiver. The height was measured using an accurately 
graduated length board and recorded to the nearest millimeter. 
The age of the children was obtained from a parental recall 
using an events calendar. The height and the weight of the 
children were measured twice, and the average was taken. The 
measuring instruments were calibrated at least twice a day in 
each case. According to the World Health Organization (WHO, 
2008), wasting, stunting, and being underweight are defined as 
Z-scores of less than -2 standard deviations of weight for height,
height for age, and weight for age, respectively [24]. An
interviewer-administered questionnaire was used after a 5%
sample pre-test. The questionnaire was translated into the
Amharic language, the official language of Ethiopia, and the
data collectors were fluent speakers of Amharic. The
respondents were at least capable of speaking and listening to
Amharic. The collected data was translated back to English by a
proficient translator to ensure accuracy and consistency. The
data collection tool for dietary diversity score was adapted from
the world health organization’s guidelines proposed for assessing
infant and young child feeding practices. Eating 4 or more of
the 7 food groups means that the child is probably to consume
at least one animal food source and at least one fruit or
vegetable in addition to the staple food (grains, roots, or tubers)
in the last 24 hours. Four food groups should be drawn from the
list of seven food groups: Grains, roots and tubers, legumes and
nuts; dairy products (milk yogurt, cheese); meat, fish, poultry,
and liver/organic meat; eggs; vitamin A-rich fruits and
vegetables; and other fruits and vegetables [25]. Data were
gathered from the mother’s or caregiver’s recall of foods given to
the child in the past 24-hours before the interview.

Besides, data on household sanitation and hygiene, a child’s 
mode of delivery, breastfeeding practice, and taking antibiotics 
were collected. Breastfeeding practice was assessed based on the 
beginning of complementary feeding at 6 months, continued 
breastfeeding for up to 2 years, colostrum feeding, and 
exclusively breastfeeding for 6 months. It was rated as 
“optimum” if all those conditions were fulfilled, and 
“suboptimal” if one or more of those were missing. Sanitation 
and hygiene status was assessed according to the [26]. For 
antibiotic exposure, the mother/caregiver was asked about the 
taking of any antibiotics by the child for the past three months 
before the survey.

Fecal SCFAs and pH test 

Fecal SCFAs were measured by using UV/VIS spectroscopy 
(UV-1700, Shimadzu, Japan) and quartz cuvette having a 1cm 
path length as a sample holder under the wave length ranging 
from 200–400 nm. A characteristic spectrum of each SCFAs was 
obtained by scanning the acids of the analytical grade (99.8%). 
About 400 mg stool samples were diluted with 1 mL distilled 
water, homogenized by using a vortex, and centrifuged at 6300 
rpm at 4°C for 15 minutes. From the supernatant, 0.75 mL of 
fecal water was transferred to a fresh tube and subjected to
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cesarean section. Almost all (93.7%) of the children completed 
the full package of vaccination. Above one third (36.6%) of the 
children had gut inflammation raging form low to high level. 
Among the children having gut inflammation, about 41.5%
were stunted. Even if more than half (57%) of the children 
began solid food intake at the recommended time (6th month), 
cloth to half (42.7%) of children began solid food intake at 4th 
month and earlier. Among the collected stool samples, more 
than half (54%) had yellow color, and the majority (73.2%) of 
the stool samples were less acidic (5-6.8 pH) by adjusting the 
surrounding temperature to 25°C. With regard to the mothers’ 
characteristics, the majority (67%) were merchants, and about 
67.8% completed primary school and below (Table 1).

Characteristics Category Frequency Percentage

Stool color Black 24 29

Brown 14 17

Yellow 44 54

Stool pH More acidic 4 4.9

Moderate acidic 18 21.9

Less acidic 60 73.2

Residence Haik Dar 39 47.5

Meneharia 17 20.7

Tabor 10 12.3

Tulla 16 19.5

Sex Male 44 54

Female 38 46

Age in month 06-Dec 10 12.2

13-35 45 54.9

36-59 27 32.9

Gut inflammation Inflamed 30 36.6

Non inflamed 52 63.4

Nutritional status Stunted 34 41.5

Not stunted 48 58.5

Mode of delivery Cesarean section 24 29.3

Vaginal 58 70.7

Immunization status Complete 77 93.9

Lefebo BK, et al.

Inc., Chicago, IL, USA). Eventually, the data were analyzed by 
using linear multiple regression, independent samples t-test, and 
factorial ANOVA.

RESULTS

Socio-demographic and clinical characteristics: 
Children and mothers

The majority of the children (54.9%) were under the age 13-35 
months. Relatively, more male (54%) than female children were 
included in this study. About half (47.5%) of the children were 
recruited from Haik Dar sub-city. Nearly, one quarter (24%) of 
the children were born through either obligatory or selective

J Food Microbial Saf Hyg, Vol.8 Iss.1 No:1000189 4



Not complete 5 6.1

Time to begin solid food intake 
in months

3 9 11

4 26 31.7

6 47 57.3

Maternal education Illiterate 33 40.2

Grade 1-8 30 36.6

Secondary school 14 17

College and above 5 6.2

Maternal occupation Merchant 55 67

Homemaker 15 18.3

Government employee 12 14.7

The relationship between SCFAs and gut 
inflammation

The analytical grade (99.8%) of the three major SCFAs had 
peaks at 220 (nm), 240 (nm) and 260 (nm) for butyric, 
propionic and acetic acids respectively (Figures 1 and 2).

Figure 1: Spectra of the major SCFAs at varying wavelengths 
drawn on a single graph. Note: (     ) Acetic acid, (     ) 
Propionic acid, (       ) Butyric acid.

The mean (± SD) of total SCFAs was 1.57 (± 0.16) µmoles/g 
stool sample. Gut inflammation was strongly and negatively 
correlated with total fecal SCFAs (r=-0.58, p<0.05). However, 
there was a moderate and positive correlation (r=0.38, p<0.05) 
between stool pH status and the gut inflammation (Figure 3).

Antibiotic exposure in the three months prior to the data 
collection was significantly associated with both the total and 
the individual SCFAs. Children who exposed to any antibiotic 
in the three months prior to the data collection had significantly 
lower SCFAs concentration (1.51 ± 0.11, p=0.021), than their 
counter part (Table 2). Similarly, antibiotics exposed children 
had significantly lower acetic acid (1.3 ± 0.12, p=0.032), butyric 
acid (0.79 ± 0.13, p=0.027), and propionic acid (0.86 ± 
0.10, p=0.023) than their counter part (Table 2).

Lefebo BK, et al.
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Table 1: Socio-demographic and clinical characteristics of the children and mothers at Hawassa City, 2022.

Figure 2: Standard curves of the three SCFAs, A- acetic acid, 
B-butyric acid, and C- propionic acid: Absorbance against
concentration at five levels.

Figure 3: A negative correlation between total SCFAs and gut 
inflammation and a positive correlation between pH and gut 
inflammation.



Variables Category TSCFAs(µ, SD) Acetic acid Butyric acid Propionic acid

Breastfeeding status Optimum(n=56) (1.57 ± 0.16) (1.37 ± 0.15) (0.83 ± 0.12) (0.90 ± 0.18)

Sub-optimum (n=26) (1.59 ± 0.14) (1.35 ± 0.13) (0.84 ± 0.16) (0.93 ± 0.14)

Mode of delivery Vaginal (n=58) (1.57 ± 0.16) (1.36 ± 0.16) (0.84 ± 0.11) (0.92 ± 0.12)

CS (n=24) (1.57 ± 0.13) (1.35 ± 0.14) (0.82 ± 0.15) (0.91 ± 0.11)

Age_cate in months 6-12(n=10) (1.54 ± 0.22) (1.3 ± 0.2) (0.79 ± 0.2) (0.88 ± 0.18)

13-35(n=45) (1.59 ± 0. 15) (1.4 ± 0.15) (0.85 ± 0.15) (0.93 ± 0.15)

36-59(n=27) (1.55 ± 0.12) (1.36 ± 0.12) (0.80 ± 0.13) (0.90 ± 0.11)

Immunization Complete(n=77) (1.57 ± 0.15) (1.4 ± 0.11) (0.83 ± 0.15) (0.91 ± 0.16)

Not complete(n=5) (1.57 ± 0.15) 1.34 ± 0.16) (0.82 ± 14) (0.93 ± 0.17)

Sex Male(n=44) (1.58 ± 0.15) (1.37 ± 0.14) (0.84 ± 0.15) (0.91 ± 0.15)

Female(n=38) (1.57 ± 0.16) (1.35 ± 0.15) (0.82 ± 0.13) (0.91 ± 0.14)

Antibiotic exposure Exposed(n=30) (1.51 ± 0.11) (1.3 ± 0.12) (0.79 ± 0.13) (0.86 ± 0.10)

Not exposed(n=52) (1.62 ± 0.17)* (1.45 ±0.18)* (0.85 ± 0.15)* (0.94 ± 0.16)*

Nutritional status Stunted(n=34) (1.52 ± 0.14) 1.4 ± 0.17) (0.81 ± 0.11) (0.87 ± 0.15)

Not stunted(n=48) (1.62 ± 0.16) (1.3 ± 0.15) (0.84 ± 0.16) (0.93 ± 0.16)

Note: - µ- mean; SD-standard deviation; * -significant at p<0.05; TSCFAs- Total Short-chain Fatty Acids

To compare the mean difference of total SCFAs among the 
under-five children as a function of various categorical 
independent variables, we did a factorial ANOVA analysis at the 
p-value of <0.05. Based on the output of the analysis, antibiotic
exposure in the past three months prior to the data collection
had a significant impact (F (1.75)=4.2, p=0.034) on the total
SCFAs. About 9.3% variation in the total SCFAs  was  explained

by the antibiotic exposure. Likewise, diet had statistically 
significant effect (F (1.75)=3.6, p=0.041) on the total SCFAs. 
Diet explained about 8.6% of the total variation in the total 
SCFAs. However, the remaining variables, the households’ 
sanitation (F (1.75)=2.2, p=0.14), households’ hygiene (F 
(1,75)=0.25, p=0.6), and age of the children (F (2.75)=1.2, p=0.3) 
had not significantly affected the variation (Table 3).

Source Type III Sum of
Squares

df Mean Square F Sig. Effect size

Corrected Model 0.270a 6 0.045 1.986 0.078 0.187

Intercept 49.753 1 49.753 2191.9 0 0.967

Antibiotics Expo 0.095 1 0.095 4.202 0.034 0.093

Diet 0.082 1 0.082 3.604 0.041 0.086

Sanitation 0.049 1 0.049 2.175 0.144 0.028

Hygiene 0.006 1 0.006 0.247 0.62 0.003

Lefebo BK, et al.
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Table 2: Log-transformed mean difference of SCFAs among under five children grouped under different categories (µmoles/g stool).
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Age_cate 0.054 2 0.027 1.179 0.313 0.03

Error 1.702 75 0.023

Total 205.583 82

Corrected Total 1.973 81

the vital metabolites produced by the gut microbiota, notably  
SCFAs [42]. In the previous investigations, the timing of 
exposure, especially during the first three years of life, and the 
antibiotic spectrum level are both related to how much of an 
impact antibiotic have on the gut flora [43,44]. However, the 
specific age of exposure and the type of antibiotics that the 
children were exposed to were not covered by our study. On the 
other hand, dietary influence on the gut microbiota was 
suggested as the source of the microbiota as well as the substrate 
for the growth and metabolic processes [44,45]. In response to 
the properties of the diet that a baby eats, the gut microbiota 
goes through numerous evolutionary stages during infancy. The 
fact that diet can change the variety of gut microbes as well as 
the composition of their metabolic products has a significant 
impact on how nutrition affects human health beginning at a 
young age [46,47]. Numerous studies have shown that dietary 
fiber [48,49]. which is primarily found in fruits and vegetables, is 
the source of SCFAs made in the colon. However, the present 
investigation found no connection between eating fruits and 
vegetables and the content of SCFAs. This may have something 
to do with how digestible or indigestible the fiber is as SCFAs 
are mainly produced from indigestible ones [50,51].

CONCLUSION
Gut inflammation was substantially correlated with fecal SCFAs. 
Low dietary diversification and exposure to antibiotics both had 
an impact on the quantity of fecal SCFAs. Fecal SCFAs and 
fruits and vegetables as dietary fiber sources did not significantly 
correlate. Based on these findings, we recommend that 
government policy concentrate on raising community awareness 
about proper antibiotic usage and enhancing the nutritional 
diversity of children under the age of five using the food 
options. A greater sample size and consideration of the kind of 
dietary fiber that children consume call for more investigation.

ETHICAL CONSIDERATION
This study was conducted according to the guidelines laid out in 
the Declaration of Helsinki, and all procedures involving human 
subjects were approved by the Institutional Review Board of 
Hawassa University (Ref. No.: IRB/086/13). Verbal informed 
consent was obtained from all subjects before data collection. 
Verbal consent was witnessed and formally recorded.
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strongly correlated with both fecal pH and SCFA levels [39].

In the analysis of determinants of SCFAs, children who had 
used antibiotics and those who had a diet with little variety had 
significantly lower amounts of fecal SCFAs. It has been 
demonstrated that exposure to antibiotics has a negative impact 
on the healthy gut microbiota [40,41] which causes a decrease in
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Table 3: Factorial ANOVA analysis of the main effects for log-transformed total SCFAs mean differences (µmoles/g stool).

J Food Microbial Saf Hyg, Vol.8 Iss.1 No:1000189

https://www.cambridge.org/core/journals/nutrition-research-reviews/article/nutrition-infection-and-stunting-the-roles-of-deficiencies-of-individual-nutrients-and-foods-and-of-inflammation-as-determinants-of-reduced-linear-growth-of-children/195A1401085226A8201FEA0EB05BFB02
https://www.cambridge.org/core/journals/nutrition-research-reviews/article/nutrition-infection-and-stunting-the-roles-of-deficiencies-of-individual-nutrients-and-foods-and-of-inflammation-as-determinants-of-reduced-linear-growth-of-children/195A1401085226A8201FEA0EB05BFB02


as determinants of reduced linear growth of children. Nutr Res Rev.
2017; 30(1): 50–72. 

2. Chen RY, Kung VL, Das S, Hossain MS, Hibberd MC, Guruge J,
et al. Duodenal Microbiota in Stunted Undernourished Children
with Enteropathy. N Engl J Med. 2020; 383(4): 321–33.

3. Bourke CD, Jones KDJ, Prendergast AJ. Current understanding of
innate immune cell dysfunction in childhood undernutrition. Front
Immunol. 2019; 10: 1728.

4. Collard JM, Andrianonimiadana L, Habib A, Rakotondrainipiana
M, Andriantsalama P, Randriamparany R, et al. High prevalence of
small intestine bacteria overgrowth and asymptomatic carriage of
enteric pathogens in stunted children in Antananarivo, Madagascar.
PLoS Negl Trop Dis. 2022; 16(5): e0009849.

5. Prendergast AJ, Humphrey JH. Stunting persists despite optimal
feeding: Are toilets part of the solution? Nestle Nutr Inst Workshop
Ser. 2015; 81: 99–110.

6. Demirchyan A, Petrosyan V, Sargsyan V, Hekimian K. Predictors of
stunting among children ages 0 to 59 months in a rural region of
Armenia. J Pediatr Gastroenterol Nutr. 2016; 62(1): 150–6.

7. Venegas DP, Fuente MK de, Landskron G, González MJ, Quera R,
Dijkstra G, et al. Short Chain Fatty Acids (SCFAs) - Mediated gut
epithelial and immune regulation and its relevance for inflammatory
bowel diseases. Front Immunol. 2019; 10: 277.

8. Tian T, Zhao Y, Yang Y, Wang T, Jin S, Guo J, et al. The
protective role of short-chain fatty acids acting as signal
molecules in chemotherapy- or radiation-induced intestinal
inflammation. Am J Cancer Res. 2020; 10(11): 3508–31.

9. Lee J, Park K, Kim A, Yang H, Jung E, Cho S. Maternal and
placental risk factors for developing necrotizing enterocolitis in very
preterm infants. Pediatr Neonatol. 2017; 58 (1): 57–62.

10. Bilotta AJ, Cong Y. Gut microbiota metabolite regulation of host
defenses at mucosal surfaces: Implication in precision medicine.
Precis Clin Med. 2019; 2(2):110–9.

11. Dinh DM, Ramadass B, Kattula D, Sarkar R, Braunstein P, Tai A,
et al. Longitudinal analysis of the intestinal microbiota in persistently
stunted young children in south India. PLoS One. 2016; 11(5):
e0155405.

12. Fluitman KS, Clercq NC de, Keijser BJF, Visser M, Nieuwdorp M,
Ijzerman RG, et al. The intestinal microbiota , energy balance , and
malnutrition : Emphasis on the role of short-chain fatty acids. Expert
Rev Endocrinol Metab. 2017; 12(3): 215–26.

13. Sun M, Wu W, Liu Z, Cong Y. Microbiota metabolite short chain
fatty acids, GPCR, and inflammatory bowel diseases. J Gastroenterol.
2017; 52(1): 1–8.

14. Tickell KD, Atlas HE, Walson JL. Environmental enteric
dysfunction: A review of potential mechanisms, consequences and
management strategies. BMC Med. 2019; 17(1): 1–9.

15. Microbiome I, Markowiak-kope P. nutrients The trend in the
amount of SCFAs found in feces is more closely related to
nutrition, environmental variables, and intestinal microbiome
dysbiosis. 2020.

16. Yasmin GE, Mamdouh AM, Eman MG, Jihan SH. The effect of
honey supplementation on plasma levels of short chain fatty acids in
healthy infants. Med J Cairo Univ. 2021; 89(6): 499–504.

17. Eslick S, Thompson C, Berthon B, Wood L. Short-chain fatty acids
as anti-inflammatory agents in overweight and obesity: A systematic
review and meta-analysis. Nutr Rev. 2022; 80(4): 838–56.

18. D’Souza WN, Douangpanya J, Mu S, Jaeckel P, Zhang M, Maxwell
JR, et al. Differing roles for short chain fatty acids and GPR43
agonism in the regulation of intestinal barrier function and immune
responses. PLoS One. 2017; 12(7): e0180190.

19. Cheng CS, Wei HK, Wang P, Yu HC, Zhang XM, Jiang SW, et al.
Early intervention with faecal microbiota transplantation : An
effective means to improve growth performance and the intestinal
development of suckling piglets. Animal. 2019; 13(3): 533–41.

20. O'Riordan KJ, Collins MK, Moloney GM, Knox EG, Aburto MR,
Fülling C, et al. Molecular and cellular endocrinology short chain
fatty acids : Microbial metabolites for gut-brain axis signalling. Mol.
Cell. Endocrinol. 2022; 546: 111572.

21. van Hung T, Suzuki T. Dietary fermentable fiber reduces intestinal
barrier defects and inflammation in colitic mice. J Nutr. 2016;
146(10): 1970–9.

22. Li D, Li Y, Dai W, Wang H, Qiu C, Feng S, et al. Intestinal
Bacteroides sp. Imbalance associated with the occurrence of childhood
undernutrition in China. Front Microbiol. 2019; 10: 2635.

23. Moges H, Alemayehu D, Redi H, Gebeyehu Y, Dires A, Gedamu
S. Prevalence and associated factors of stunting among children aged
six month-five year in Ataye Town, Northeast Ethiopia. Int J Food Sci
Nutr. 2019; 8(6): 86-92.

24. Herforth A, Arimond M, Álvarez-Sánchez C, Coates J,
Christianson K, Muehlhoff E. A global review of food-based dietary
guidelines. Adv Nutr. 2019; 10(4): 590–605.

25. Radtke I. WASH guidelines for field practitioners. Malterser Int.
2014; 1–130.

26. Boah M, Azupogo F, Amporfro DA, Abada LA. The epidemiology
of undernutrition and its determinants in children under five years in
Ghana. PLoS One. 2019; 14(7): e0219665.

27. Bridgman SL, Azad MB, Field CJ, Haqq AM, Becker AB,
Mandhane PJ, et al. Fecal short-chain fatty acid variations by
breastfeeding status in infants at 4 Months: Differences in relative
versus absolute concentrations. Front Nutr. 2017; 4: 11.

28. Ni Y, Wan C. Determination of three - component mixture by equal -
absorptive wavelength spectrophotometry and linear plot method.
Polym Plast Technol Eng . 1995; 28(12): 2239–46.

29. Shabab Hossain M, Das S, Amran Gazi M, Ashraful Alam M,
Shahedul Haque NM, Mahfuz M, et al. Association of faecal pH
with childhood stunting: Results from a cross-sectional study. BMJ
Paediatr Open. 2019; 3(1): 1–6.

30. Jiang ZD, Smith MA, Kelsey KE, Cortez CP, DuPont HL,
Mathewson JJ. Effect of storage time and temperature on fecal
leukocytes and occult blood in the evaluation of travelers’ diarrhea. J
Travel Med. 1994; 1(4): 184-6.

31. Silletti RP, Lee G, Ailey E. Role of stool screening tests in diagnosis
of inflammatory bacterial enteritis and in selection of specimens likely
to yield invasive enteric pathogens. J Clin Microbiol. 1996; 34(5):
1161–5.

32. Mercado EH, Ochoa TJ, Ecker L, Cabello M, Durand D, Barletta
F, et al. Fecal leukocytes in children infected with diarrheagenic
escherichia coli. J Clin Microbiol. 2011; 49(4): 1376–81.

33. Getie M, Abebe W, Tessema B. Prevalence of enteric bacteria and
their antimicrobial susceptibility patterns among food handlers in
Gondar town, Northwest Ethiopia. Antimicrob Resist Infect
Control. 2019; 8(1): 1-6.

34. Holota Y, Dovbynchuk T, Kaji I, Vareniuk I, Dzyubenko N,
Chervinska T, et al. The long-term consequences of antibiotic
therapy: Role of colonic short-chain fatty acids (SCFA) system and
intestinal barrier integrity. PLoS One. 2019; 14(8): e0220642.

35. Kamil RZ, Murdiati A, Juffrie M, Nakayama J, Rahayu ES. Gut
microbiota and short-chain fatty acid profile between normal and
moderate malnutrition children in Yogyakarta, Indonesia.
Microorganisms. 2021; 9(1): 127.

36. Yang W, Yu T, Huang X, Bilotta AJ, Xu L, Lu Y, et al. Intestinal
microbiota-derived short-chain fatty acids regulation of immune cell

Lefebo BK, et al.

J Food Microbial Saf Hyg, Vol.8 Iss.1 No:1000189 8

https://www.cambridge.org/core/journals/nutrition-research-reviews/article/nutrition-infection-and-stunting-the-roles-of-deficiencies-of-individual-nutrients-and-foods-and-of-inflammation-as-determinants-of-reduced-linear-growth-of-children/195A1401085226A8201FEA0EB05BFB02
https://www.nejm.org/doi/10.1056/NEJMoa1916004
https://www.nejm.org/doi/10.1056/NEJMoa1916004
https://www.frontiersin.org/articles/10.3389/fimmu.2019.01728/full
https://www.frontiersin.org/articles/10.3389/fimmu.2019.01728/full
https://journals.plos.org/plosntds/article?id=10.1371/journal.pntd.0009849
https://journals.plos.org/plosntds/article?id=10.1371/journal.pntd.0009849
https://journals.plos.org/plosntds/article?id=10.1371/journal.pntd.0009849
https://www.karger.com/Article/Abstract/365807
https://www.karger.com/Article/Abstract/365807
https://journals.lww.com/jpgn/Fulltext/2016/01000/Predictors_of_Stunting_Among_Children_Ages_0_to_59.29.aspx
https://journals.lww.com/jpgn/Fulltext/2016/01000/Predictors_of_Stunting_Among_Children_Ages_0_to_59.29.aspx
https://journals.lww.com/jpgn/Fulltext/2016/01000/Predictors_of_Stunting_Among_Children_Ages_0_to_59.29.aspx
https://www.frontiersin.org/articles/10.3389/fimmu.2019.00277/full
https://www.frontiersin.org/articles/10.3389/fimmu.2019.00277/full
https://www.frontiersin.org/articles/10.3389/fimmu.2019.00277/full
https://pubmed.ncbi.nlm.nih.gov/33294252/
https://pubmed.ncbi.nlm.nih.gov/33294252/
https://pubmed.ncbi.nlm.nih.gov/33294252/
https://www.sciencedirect.com/science/article/pii/S1875957216300614?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1875957216300614?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1875957216300614?via%3Dihub
https://academic.oup.com/pcm/article/2/2/110/5520071
https://academic.oup.com/pcm/article/2/2/110/5520071
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0155405
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0155405
https://www.tandfonline.com/doi/full/10.1080/17446651.2017.1318060
https://www.tandfonline.com/doi/full/10.1080/17446651.2017.1318060
https://link.springer.com/article/10.1007/s00535-016-1242-9
https://link.springer.com/article/10.1007/s00535-016-1242-9
https://bmcmedicine.biomedcentral.com/articles/10.1186/s12916-019-1417-3
https://bmcmedicine.biomedcentral.com/articles/10.1186/s12916-019-1417-3
https://bmcmedicine.biomedcentral.com/articles/10.1186/s12916-019-1417-3
https://mjcu.journals.ekb.eg/article_167791.html
https://mjcu.journals.ekb.eg/article_167791.html
https://mjcu.journals.ekb.eg/article_167791.html
https://academic.oup.com/nutritionreviews/article/80/4/838/6362589?login=false
https://academic.oup.com/nutritionreviews/article/80/4/838/6362589?login=false
https://academic.oup.com/nutritionreviews/article/80/4/838/6362589?login=false
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0180190
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0180190
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0180190
https://www.sciencedirect.com/science/article/pii/S1751731118001611?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1751731118001611?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1751731118001611?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0303720722000193?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0303720722000193?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0022316623007320?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0022316623007320?via%3Dihub
https://www.frontiersin.org/articles/10.3389/fmicb.2019.02635/full
https://www.frontiersin.org/articles/10.3389/fmicb.2019.02635/full
https://www.frontiersin.org/articles/10.3389/fmicb.2019.02635/full
https://www.semanticscholar.org/paper/Prevalence-and-Associated-Factors-of-Stunting-Among-Moges-Alemayehu/d841e4634e0330529752dc5fc9df85b8cb52427a
https://www.semanticscholar.org/paper/Prevalence-and-Associated-Factors-of-Stunting-Among-Moges-Alemayehu/d841e4634e0330529752dc5fc9df85b8cb52427a
https://www.sciencedirect.com/science/article/pii/S2161831322004033?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2161831322004033?via%3Dihub
https://www.malteser-international.org/fileadmin/dam/oeffentlich/malteser-international.de/Publikationen/Policies_and_Guidelines/MI_Water_Guidelines.pdf
https://typeset.io/papers/the-epidemiology-of-undernutrition-and-its-determinants-in-kmn46hfec1
https://typeset.io/papers/the-epidemiology-of-undernutrition-and-its-determinants-in-kmn46hfec1
https://typeset.io/papers/the-epidemiology-of-undernutrition-and-its-determinants-in-kmn46hfec1
https://www.frontiersin.org/articles/10.3389/fnut.2017.00011/full
https://www.frontiersin.org/articles/10.3389/fnut.2017.00011/full
https://www.frontiersin.org/articles/10.3389/fnut.2017.00011/full
https://www.tandfonline.com/doi/abs/10.1080/00032719508000042
https://www.tandfonline.com/doi/abs/10.1080/00032719508000042
https://bmjpaedsopen.bmj.com/content/3/1/e000549
https://bmjpaedsopen.bmj.com/content/3/1/e000549
https://academic.oup.com/jtm/article/1/4/184/1805563?login=false
https://academic.oup.com/jtm/article/1/4/184/1805563?login=false
https://journals.asm.org/doi/10.1128/jcm.34.5.1161-1165.1996
https://journals.asm.org/doi/10.1128/jcm.34.5.1161-1165.1996
https://journals.asm.org/doi/10.1128/jcm.34.5.1161-1165.1996
https://journals.asm.org/doi/10.1128/JCM.02199-10
https://journals.asm.org/doi/10.1128/JCM.02199-10
https://aricjournal.biomedcentral.com/articles/10.1186/s13756-019-0566-7
https://aricjournal.biomedcentral.com/articles/10.1186/s13756-019-0566-7
https://aricjournal.biomedcentral.com/articles/10.1186/s13756-019-0566-7
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0220642
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0220642
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0220642
https://www.mdpi.com/2076-2607/9/1/127
https://www.mdpi.com/2076-2607/9/1/127
https://www.mdpi.com/2076-2607/9/1/127
https://www.nature.com/articles/s41467-020-18262-6
https://www.nature.com/articles/s41467-020-18262-6


IL-22 production and gut immunity. Nat Commun. 2020; 11(1):
4457. 

37. Faber J, Fonseca LM. How sample size influences research outcomes.
Dental Press J Orthod. 2014; 19(4): 27–9.

38. Rahayu E, Mustangin A, Elvira I, Mariyatun M,
Pamungkaningtyas FH, Hasan PN, et al. Effects of dietary intake
and supplementation of indigenous probiotic Lactobacillus Plantarum
dad-13 on body mass index , faecal short-chain fatty acid , and gut
microbiota of undernourished children in east lombok , Indonesia.
Res Sq. 2021; 1–17.

39. Balamurugan R, Pugazhendhi S, Balachander GM, Dharmalingam
T, Mortimer EK, Gopalsamy GL, et al. Effect of native and
acetylated dietary resistant starches on intestinal fermentative capacity
of normal and stunted children in Southern India. Int. J. Environ.
Res. Public Health. 2019; 16(20): 3922.

40. Hsu CN, Chan JYH, Wu KLH, Yu HR, Lee WC, Hou CY, et al.
Altered gut microbiota and its metabolites in hypertension of
developmental origins: Exploring differences between fructose and
antibiotics exposure. Int J Mol Sci. 2021; 22 (5): 2674.

41. Akhtar M, Chen Y, Ma Z, Zhang X, Shi D, Khan JA, et al. Gut
microbiota-derived short chain fatty acids are potential mediators in
gut inflammation. Anim Nutr. 2022; 8: 350-60.

42. Bai X, Fu R, Duan Z, Liu Y, Zhu C, Fan D. Ginsenoside Rh4
alleviates antibiotic-induced intestinal inflammation by regulating the
TLR4-MyD88-MAPK pathway and gut microbiota composition. Food
Funct. 2021; 12(7): 2874–85.

43. Li Y, Zhao L, Hou M, Gao T, Sun J, Luo H, et al. Lactobacillus
casei improve anti-tuberculosis drugs-induced intestinal adverse
reactions in rat by modulating gut microbiota and short-chain fatty
acids. Nutrients. 2022; 14(8): 1668.

44. Liu C, Cheng X, Zhong S, Liu Z, Liu F, Lin X, et al. Long-term
modification of gut microbiota by broad-spectrum antibiotics improves
stroke outcome in rats. Stroke Vasc Neurol. 2022; 7(5): 001231.

45. Wang B, Kong Q, Li X, Zhao J, Zhang H, Chen W, et al. A high-fat
diet increases gut microbiota biodiversity and energy expenditure due
to nutrient difference. Nutrients. 2020; 12(10): 3197.

46. Pagliai G, Russo E, Niccolai E, Dinu M, Di Pilato V, Magrini A, et
al. Influence of a 3-month low-calorie Mediterranean diet compared
to the vegetarian diet on human gut microbiota and SCFA: The
CARDIVEG Study. Eur J Nutr. 2020; 59(5): 2011–24.

47. Beam A, Clinger E, Hao L. Effect of diet and dietary components on
the composition of the gut microbiota. Nutrients. 2021; 13(8): 2795.

48. Baxter NT, Schmidt AW, Venkataraman A, Kim KS, Waldron C,
Schmidt TM. Dynamics of human gut microbiota and short-chain
fatty acids in response to dietary interventions with three fermentable
fibers. MBio. 2019; 10(1): e02566-18.

49. Vernocchi P, Chierico F Del, Putignani L. Gut microbiota
metabolism and interaction with food components. Int J Mol Sci.
2020; 21(10): 3688.

50. Walsh C, Lane JA, van Sinderen D, Hickey RM. Human milk
oligosaccharides: Shaping the infant gut microbiota and supporting
health. J Funct Foods. 2020; 72: 104074.

51. Wang S, Yao B, Gao H, Zang J, Tao S, Zhang S, et al. Combined
supplementation of Lactobacillus fermentum and Pediococcus
acidilactici promoted growth performance , alleviated inflammation ,
and modulated intestinal microbiota in weaned pigs. BMC Vet Res.
2019; 15(1): 1-1.

Lefebo BK, et al.

J Food Microbial Saf Hyg, Vol.8 Iss.1 No:1000189 9

https://www.nature.com/articles/s41467-020-18262-6
https://www.scielo.br/j/dpjo/a/kJsVCrLstNgsvxkmxh9nGQF/?lang=en
https://www.researchsquare.com/article/rs-199053/v1
https://www.researchsquare.com/article/rs-199053/v1
https://www.researchsquare.com/article/rs-199053/v1
https://www.researchsquare.com/article/rs-199053/v1
https://www.mdpi.com/1660-4601/16/20/3922
https://www.mdpi.com/1660-4601/16/20/3922
https://www.mdpi.com/1660-4601/16/20/3922
https://www.mdpi.com/1422-0067/22/5/2674
https://www.mdpi.com/1422-0067/22/5/2674
https://www.mdpi.com/1422-0067/22/5/2674
https://www.sciencedirect.com/science/article/pii/S2405654521002201?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2405654521002201?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2405654521002201?via%3Dihub
https://pubs.rsc.org/en/content/articlelanding/2021/FO/D1FO00242B
https://pubs.rsc.org/en/content/articlelanding/2021/FO/D1FO00242B
https://pubs.rsc.org/en/content/articlelanding/2021/FO/D1FO00242B
https://www.mdpi.com/2072-6643/14/8/1668
https://www.mdpi.com/2072-6643/14/8/1668
https://www.mdpi.com/2072-6643/14/8/1668
https://svn.bmj.com/content/7/5/381
https://svn.bmj.com/content/7/5/381
https://svn.bmj.com/content/7/5/381
https://www.mdpi.com/2072-6643/12/10/3197
https://www.mdpi.com/2072-6643/12/10/3197
https://www.mdpi.com/2072-6643/12/10/3197
https://link.springer.com/article/10.1007/s00394-019-02050-0
https://link.springer.com/article/10.1007/s00394-019-02050-0
https://link.springer.com/article/10.1007/s00394-019-02050-0
https://www.mdpi.com/2072-6643/13/8/2795
https://www.mdpi.com/2072-6643/13/8/2795
https://journals.asm.org/doi/10.1128/mBio.02566-18
https://journals.asm.org/doi/10.1128/mBio.02566-18
https://journals.asm.org/doi/10.1128/mBio.02566-18
https://www.sciencedirect.com/science/article/pii/S175646462030298X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S175646462030298X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S175646462030298X?via%3Dihub
https://bmcvetres.biomedcentral.com/articles/10.1186/s12917-019-1991-9
https://bmcvetres.biomedcentral.com/articles/10.1186/s12917-019-1991-9
https://bmcvetres.biomedcentral.com/articles/10.1186/s12917-019-1991-9
https://bmcvetres.biomedcentral.com/articles/10.1186/s12917-019-1991-9

	Contents
	Fecal Short-Chain Fatty Acids are Associated with Gut Inflammation among Children of under Five at Hawassa, Sidama Regional State, Ethiopia
	ABSTRACT
	INTRODUCTION
	MATERIALS AND METHODS
	Study area and period
	Source population and study design
	Sample size determination
	Sampling technique
	Inclusion and exclusion criteria for selecting children
	Data collection tools and procedures
	Fecal SCFAs and pH test 
	Gut inflammation test
	Bacterial culture as a conformation test
	Data analysis

	RESULTS
	Socio-demographic and clinical characteristics: Children and mothers
	The relationship between SCFAs and gut inflammation

	DISCUSSION
	CONCLUSION
	ETHICAL CONSIDERATION
	REFERENCES

	JFMSH-23-22720.pdf
	Contents
	Fecal Short-Chain Fatty Acids are Associated with Gut Inflammation among Children of under Five at Hawassa, Sidama Regional State, Ethiopia
	ABSTRACT
	INTRODUCTION
	Fecal SCFAs and pH test 
	Gut inflammation test
	Bacterial culture as a conformation test
	Data analysis

	RESULTS
	Socio-demographic and clinical characteristics: Children and mothers
	The relationship between SCFAs and gut inflammation

	DISCUSSION
	CONCLUSION
	ETHICAL CONSIDERATION
	REFERENCES





