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The concentration of short-chain fatty acids (SCFAs) may be disrupted in 
overweight and obese children. The effect of probiotic Lactobacillus casei strain 
Shirota (LcS) on the fecal SCFAs concentration is still unclear. The purpose of 
this intervention was to investigate the effect of LcS on fecal SCFAs and body 
weight status in school children.  

Using the crossover study design, LcS was provided for 4-weeks with 4-weeks 
washout period to the children aged 7 to 10 years old. A total of 22 overweight 
and obese (OWOB) with mean age = 8.73 ± 1.03 years old; BMI = 24.73 ± 3.91 
kg/m2 kg/m2 and 55 % boys participated and randomly divided either to 
intervention or control group. This study recruited normal weight children (NW, 
n= 20) as a comparison with the OWOB on the fecal profiles and body weight. 
During the intervention period, the participants received daily 80 ml of probiotic 
drink at a dosage of 3.0 x 1010 colony-forming unit (CFU) for 4-weeks. The 
primary outcome measures were fecal SCFAs concentration and body weight 
status of the children. Other outcome measures included dietary intakes, 
physical activity level and fecal consistency.  

At baseline data of all participants, the concentration of propionate (Mean=43.08 
μmol/g; SD= 37.14) was the highest; followed by acetate (Mean= 29.73 μmol/g; 
SD= 23.30) and butyrate (Mean= 23.19 μmol/g; SD= 17.75) with OWOB reported 
a higher concentration of butyrate (52%) and propionate (38%) as compared to 
NW participants (p>0.05). After 4-weeks of the LcS supplementations, the 
propionate and the total SCFAs concentration increased significantly than the 
baseline concentration (p<0.05).  



© C
OPYRIG

HT U
PM

 

ii 

 

The fecal propionate concentration increased by 161 % and total SCFAs 
concentration increased significantly by 79% from the baseline in the OWOB 
participants. Meanwhile, the fecal propionate and total SCFAs concentration of 
the NW participants in the intervention group had increased significantly by 178 
% and 79% respectively at the end of supplementations (p<0.05). The study also 
found a significant difference in fecal propionate and total SCFAs of the 
intervention group in OWOB and NW (p<0.05). With regards to the body weight, 
the mean percentage of body weight change was also significantly increased by 
6.4% in OWOB and 7.5% in NW participants at the end of supplementations 
(p<0.05). No significant changes in dietary intakes and physical activity levels of 
the participants throughout the study (p>0.05).  
 

In conclusion, the increased in SCFAs mainly propionic acid after supplementing 
with a probiotic containing LcS may explain its potential as an appetite 
suppressor. Nevertheless, whether the effect on appetite may translate to weight 
control in the future warrants future investigationAbstract of thesis presented to 
the Senate of Universiti Putra Malaysia in fulfilment of the requirement for the 
degree of Master of Science 
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KESAN PENGAMBILAN L.CASEI STRAIN SHIROTA PADA PROFIL NAJIS 

DAN STATUS BERAT BADAN 

DALAM KALANGAN KANAK-KANAK SEKOLAH 

Oleh 

NURUL AIN BINTI SAIPUDIN 

Oktober 2017 

Pengerusi:  Profesor Madya Barakatun Nisak Binti Mohd Yusof, PhD 
Fakulti:   Perubatan dan Sains Kesihatan 

Kepekatan asid lemak rantai pendek (ALRP) boleh terganggu dalam kanak-
kanak yang berlebihan berat badan dan obes. Malah, kesan probiotik 
Lactobacillus casei strain Shirota (LcS) pada kepekatan ALRP juga masih tidak 
jelas. Tujuan intervensi ini adalah untuk mengkaji kesan LcS pada ALRP dan 
status berat badan pada kanak-kanak sekolah.  

Dengan menggunakan reka bentuk kajian bersilang, LcS diberikan kepada 
kanak-kanak yang berusia antara 7 hingga 10 tahun selama 4 minggu, dengan 
diikuti tempoh 4 minggu pembersihan dari intervensi. Seramai 22 orang kanak-
kanak yang mempunyai berat badan berlebihan dan obes (BO) dengan purata 
umur = 8.73 ± 1.03 tahun; IJB = 24.73 ± 3.91 kg/m2; dan 55% lelaki telah 
menyertai dan dibahagikan secara rawak kepada kumpulan intervensi dan 
kumpulan kawalan. Kajian ini turut melibatkan 20 orang kanak-kanak yang 
mempunyai berat badan normal (BN) sebagai perbandingan pada profil najis 
dan status berat badan dengan kumpulan BO.  Semasa tempoh intervensi, 
subjek menerima 80 ml minuman probiotik setiap hari dengan dos sebanyak 3.0 
x 1010 unit pembentuk koloni (CFU).  

Hasil ukuran yang utama ialah kepekatan ALRP di dalam najis dan status berat 
badan. Hasil ukuran yang lain ialah pengambilan makanan, tahap aktiviti fizikal 
dan konsistensi najis. Pada data asasnya, kepekatan propionat (purata= 49.63 
27μmol/g; SP= 42.03) adalah tertinggi dan diikuti oleh asetat (purata= 
29.27μmol/g; SP= 26.67) dan butyrat (purata= 23.19 μmol/g; SP= 17.75) dengan 
subjek BO dicatatkan mempunyai kepekatan butyrat (52%) dan propionat (38%) 
lebih tinggi daripada subjek BN (p>0.05). Selepas 4 minggu dari suplemen LcS, 
kepekatan propionat dan jumlah kepekatan ALRP meningkat dengan signifikan 
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daripada sebelumnya dengan kesan intervensi yang jelas (p<0.05). Kepekatan 
propionat meningkat sebanyak 161% dan kepekatan keseluruhan ALRP 
meningkat sebanyak 79% dari data asas dalam subjek BO. Sementara itu, 
kepekatan propionat dan jumlah kepekatan ALRP bagi subjek BN dalam 
kumpulan intervensi juga meningkat dengan ketara sebanyak 178% dan 79% 
pada akhir suplementasi (p<0.05). Peratusan purata perubahan berat badan 
juga meningkat dengan signifikan sebanyak 6.4% dalam subjek BO dan 7.5%. 
dalam subjek BN (p<0.05). Secara keseluruhannya, tiada perubahan ke atas 
pengambilan makanan dan tahap aktiviti fizikal subjek sepanjang kajian 
dijalankan (p>0.05).  

Kesimpulannya, selepas pengambilan probiotik yang mengandungi LcS, 
peningkatan dalam ALRP terutamanya propionat mungkin dapat dikaitkan 
dengan potensi propionat sebagai penahan selera. Walau bagaimanapun, kajian 
sama ada kesan propionat dalam menahan selera makan dan seterusnya 
mengawal berat badan perlu dijalankan dengan lebih mendalam di masa 
hadapan.  
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CHAPTER 1 

INTRODUCTION 

1.1 Study of Background 

Short-chain fatty acids (SCFAs), the acetate, propionate and butyrate are anions 
in human fecal in which, presented in a molar ratio approximately in 60:20:20 
(Rahat-Rozenbloom et al., 2014). The SCFAs contribute about 5 to 10% 
additional energy to the total energy requirements for the human energy 
(Tumbaugh et al., 2006 & Arora et al., 2013). In principle, if this analogue to a 
2000 kcal/day, a daily energy would be increased by 1%, which subsequently 
give an additional 20 kcal/day and 1 kg of annual weight gain (Payne et al., 
2011). 

Several factors that influenced the SCFAs production, absorption and excretion 
are the compositions of gut microbiota, age, dietary intakes and practices, usage 
of antibiotics, genetics and other lifestyle or environmental factors of the host 
(Khan et al., 2016). The SCFAs are produced from the fermentation of 
carbohydrates with the primary source of resistant starches (Wong et al., 2006). 
The amount and type of dietary fibre represent a significant source of 
fermentable substrates in the colon. High intakes of dietary fibre are associated 
with a reduced risk of obesity (Kobyliak et al., 2016). One of the mechanism by 
which the fibre may protect against obesity is via the SCFA- mediated modulation 
of the secretion of gut hormones involved in the regulation of food intake and 
energy balance (Ríos-covián et al., 2016). 

Recently, the role of gut microbiota which modulates SCFAs production as one 
of the mechanisms leading to obesity development has been increasingly upfront 
(Kobyliak et al., 2016; Murugesan et al., 2015 & Schwiertz et al., 2010). In 
healthy adults, 80% of the identified fecal microbiota can be divided into three 
dominant phyla: Bacteroidetes, Firmicutes and Actinobacteria. The Firmicutes to 
Bacteroidetes (F : B ratio) indicates a significant relevance in human gut 
microbiota composition (Rahat-Rozenbloom et al., 2014). In an animal model, 
studies have shown that the gut microbiota of obese mice had a higher ratio of 
F: B than the lean mice. The disturbed ratio allowed obese mice produce more 
SCFAs than the lean mice; hence more energy can be derived from the food 
(Fernandez et al., 2014; Ley et al., 2005 & Tumbaugh et al., 2006).  

In human studies among obese individuals, the results of F: B ratio is conflicting. 
A higher fecal SCFAs concentration was also seen in the obese individual than 
a normal weight individual (Schwietrz et al., 2010 & Teixeira et al., 2013). In one 
comprehensive study that has been conducted, among 52 lean and 42 
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overweight adults in Toronto which includes the evaluation on the dietary intakes, 
BMI, physical activity levels, fecal microbial and fecal SCFAs concentration. The 
results found an inverse association between Bacteroidetes and BMI; a 
significant positive association between F: B ratio and concentration of SCFAs 
as well as negative associations between Bacteroidetes and SCFAs 
concentrations. These findings suggested that the SCFAs concentration and F: 
B ratio are interconnected and could be related to obesity (Fernandes et al., 
2014). 
 

The increase in obesity rate and the emerging role of gut microbiota may become 
a vital element in energy homeostasis and weight management. Few human 
trials have been conducted to determine the efficacy of probiotic as a modulator 
to the composition of gut microbiota and SCFAs concentration in the gut (Wang 
et al., 2015 & Arora et al., 2013). Probiotic is defined as “a living microorganism 
that can provide beneficial health effects if administered in adequate amounts 
(FAO/WHO, 2002). 
 

Probiotics may use to reduce the rate of body weight gain among children 
(Sanchez et al., 2015). Following supplementation of symbiotic drinks which 
contained seven types of probiotic strains and prebiotic fructooligosaccharides 
in Iranian overweight and obese children aged 10 years, the study found a 
significant reduction in BMI, waist circumference and waist-to-hip ratios of the 
children than the controlled group with placebo (Safavi et al., 2013). Moreover, 
probiotics with three combination bacteria strains which are Bifidobacterium 
strains, four Lactobacillus strains and one Streptococcus strain have also shown 
a reduction in BMI among the treated subjects from Canadian (Koleva et al., 
2015). In a randomized placebo-controlled intervention study in Japan, there was 
a significantly lower in subcutaneous and visceral fat among the healthy adult 
participants after supplementation of fermented milk containing L.gasseri  
SBT2055 (200 g/d). The study also found a significant decrease in body weight 
status and BMI as compared with the control group (Arora et al., 2013 & Cani et 
al., 2009).  
 

Nevertheless, the role of probiotic in weight reduction and the mechanism 
underneath were still unclear and likely to varied for different probiotic strains. 
More human trials should be conducted for the overweight and obese individual 
because probiotic has shown a potential in restoring the altered gut microbiota 
and intestinal dysbiosis which may lead to a reduction of SCFAs production and 
increment of hormones to induce weight loss (Sanchez et al., 2015 & Arora et 
al., 2013). 
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1.2  Problem Statement 

 

This study has chosen Lactobacillus casei strain Shirota (LcS) for several 
reasons. Firstly, LcS is a well-known probiotic strain that has been one of the 
best-studied probiotics in worldwide. This commercial and accessible probiotic 
drink carries high bacterial counts in just a small volume (Matsumoto et al., 
2010). Besides that, LcS has shown a high survival rate through the stomach 
until to the lower gut (Wang et al., 2015). LcS also has a high resistance to gastric 
and bile acid (Koebnick et al., 2003 & Shirota et al., 1966). LcS is also predicted 
to be beneficial in normalizing the balance of gut bacteria and prevent the 
proliferation of destructive bacteria. By using both methods of PCR and culture, 
previous studies have found LcS in fecal even after seven days of LcS probiotic 
consumptions (Tiengrim et al., 2012 & Fujimoto et al., 2008).  
 

Currently, studies of LcS probiotic strain to human subjects are only limited to 
modulate parameters such as in immune systems (Dong et al, 2012 & Spanhaak 
et al., 1998; ), diarrhea (Matsumoto et al., 2010 & Matsumoto et al., 2006) and 
constipation (Wang et al., 2015 & Koebnick et al., 2003 & Shioiri et al., 2006). 
Specifically, in Malaysia, previous studies that relate effects of LcS probiotics 
strain on the fecal profiles among children were very limited except on functional 
constipation in adults and anti-obesity in mice (Mazlyn et al., 2013). 
 

As in this study, the interest on the role of probiotic to improve body weight status 
and the concentration of SCFAs to curb the obesity epidemic is rising (Kobyliak 
et al., 2016). Nevertheless, most of these experimental studies of LcS probiotic 
were only done in animal models and human adults which mostly relate the 
findings with gut microbiota and not SCFAs alone. More study is required to be 
done primarily on the effects of LcS probiotic drink on the SCFAs concentration 
and body weight among school children.  
 

The latest pilot study obtained from 12 obese Japanese children found that the 
LcS may reduce the body weight and improve lipid metabolism by increasing the 
acetic acid and Bifidobacterium count in the fecal of the obese children (Nagata 
et al., 2017). However, this finding may be varied with Malaysian children due to 
several factors such as the difference in climate and the dietary practices of the 
subjects (Khan et al., 2016). In fact, the study had indicated that the average 
fibre intakes of Malaysian children are below than the recommended amount of 
20 to 30 g/day (Yang et al., 2017 & Poh et al., 2013, 2016). 
 

To this date, the available statistical data on fecal SCFAs and body weight of 
Malaysian children are apparently scarce, in addition to the insufficient studies 
on the beneficial effects of probiotic in controlling overweight among pediatric 
age group (Safavi et al., 2013). Therefore, this study is intended to fill this gap 
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by investigating the effects of LcS on fecal profiles and body weight in selected 
school children. 
 

1.3  Study Significance 

 

The prevalence of overweight and obesity among Malaysian school-aged 
children is increasing, but their interaction with and without probiotic 
supplementation is still not adequately addressed. Thus, this study provides the 
fundamental data on fecal SCFAs and fecal consistency in overweight, obese 
and normal weight school children during control or intervention with probiotic 
supplementation. 
 

Also, this study provides the potential role of probiotic supplementation in 
influencing the fecal SCFAs concentration in overweight, obese and normal 
weight school children. The findings is useful for future program and intervention 
for body weight management among children which related to fecal profiles and 
consistency. 
 

1.4  Hypothesis 

 

1.3.1. There is no significant different in socio-demographic 
characteristics, nutritional status, fecal SCFAs concentration and 
consistency; and physical activity level between normal weight and 
overweight/obese children at baseline. 

1.3.2. There is no significant effects of LcS supplementation on fecal 
profiles and body weight status of the children.  

1.3.3. There is no significant difference in dietary intakes and physical 
activity levels of the children throughout the study.  

 

1.5  Research Questions 

 

1.5.1 What are the socio-demographic characteristics, nutritional status, 
fecal profiles and physical activity level of the children at baseline? 

1.5.2 What are the effects of LcS supplementation on fecal profiles and 
body weight status of the children?  

1.5.3 Is there any difference in dietary intakes and physical activity levels 
of the children throughout the study? 
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1.6  Objectives 

1.6.1  General objective: 

To investigate the effects of LcS supplementation on fecal profiles and body 
weight status in school children from Serdang, Selangor. 
 

1.6.2 Specific objectives: 

 

1.6.2.1 To determine socio-demographic characteristics, nutritional status, fecal  
profiles and physical activity level of the children at baseline. 

1.6.2.2 To determine the effects of LcS supplementation on fecal profiles and 
body weight status of the children. 

1.6.2.3 To determine the carry-over effect and consistency of dietary intakes 
and physical activity levels of the children throughout the study 

 

1.7  Conceptual Framework 

 

The study employed a cross-over design consisting of three study periods 
including baseline, washout and intervention periods. At baseline, data on 
demographics, nutritional status and fecal SCFAs concentration are collected. 
Demographic status of the children and their parents included gender, age, 
ethnicity, monthly household income, parent’s educational status and parent’s 
self-perceived body weight index (BMI). The baseline results are significant as 
to observe the homogeneity of the results to the other current studies. Besides 
that, baseline data is needed to investigate the effects of probiotic after the 
intervention period.  
 

As can be seen in Figure 1.1, the concept of this study is primarily to observe 
the effectiveness of probiotic prior and following its supplementation to the 
dependent variable of this study. The dependent variables that are observed are 
fecal profiles (SCFAs and fecal consistency) and body weight status. Meanwhile, 
covariates data that has been taken for control throughout the study are dietary 
intakes and physical activity levels. Physical activity level is being assessed by 
using the physical activity questionnaires for children (PAQ-C). The nutritional 
status of the children consisted of body weight, height, and the average of 
energy, macronutrients and dietary fibres intakes. The baseline covariate data 
must be consistent throughout the study to prevent the carryover effects after 
the first period of intervention.  
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Figure 1.1: Conceptual Framework 
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