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Abstract The optimal vitamin A (VA) status of lactating women is important for 

mothers and their breastfed infants, especially in protecting against infectious 

diseases. Vitamin A fortified rice is one of the food-base intervention strategy 

which has the potential to improve VA status. Vitamin A and gut microbiota are 

interrelated in their effect on human health and immunity however no specific 

relationship has been proved in these groups of population. This study aimed to 

determine the effect of VA fortified rice on the gut microbiota changes of lactating 

woman-exclusively breastfed infant pairs. A double-blind, randomized controlled 

trial (RCT) of VA fortified rice was conducted in 70 lactating women-infants pairs 

for 14 weeks. Gut microbiota was measured using the fluorescent in situ 

hybridization (FISH) and next generation sequencing (NGS) technique. Based on 

the FISH technique, the numbers of Clostridium spp. /Enterobacter spp. were 

significantly lower (P < 0.05) in mothers fed VA-fortified rice at the end of the 

study. In contrast, the abundance of Bifidobacterium spp. and Lactobacillus spp. 

of infants whose mothers fed with VA-fortified rice was significantly higher 

(P < 0.05) than the control group. The NGS technique confirmed that results with 

the increasing of Lactobacillus, B. longum and B. Choerinum in the infant of 

intervention group. In conclusion, VA-fortified rice was efficacious in decreasing 

Clostridium spp. /Enterobacter spp. in lactating women and raising the number of 

Bifidobacterium spp. and Lactobacillus spp. in their breastfed infants. 
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INTRODUCTION 

Vitamin A (VA) is a micronutrient and a fat-soluble vitamin which has vital 

functions in human health, especially in the visual metabolism, prenatal and postnatal 

development, cellular differentiation and tissue repair (Tanumihardjo, 2011; Ross, 

2014). However, the most crucial role of VA is as a substance which promotes immune 

function, that protects the body’s natural defense system against infections and 

diseases (Huang et al., 2018; Maggini et al., 2018). According to the Thai dietary 

recommended intake (DRIs), lactating women has the highest requirement of VA intake 

(975 µg/day) due to support and maintain their health as well as breast milk production 

which is important for the infant during the first six months of life (FAO & WHO, 2001; 

Garcia-Mantrana et al., 2018). 

Newborn infants are born with a low level of VA stores and are therefore 

dependent on external sources, most importantly breast milk. Thus, maternal dietary 

intake during pregnancy and postpartum is an essential determinant of both maternal 

and infant VA status (World Health Organization, 2011a). Vitamin A is transferred from 

the mother to the infant via breast milk and is essential for the growth and development 

of the infant’s immune system during the first stage of life (Mccauley et al., 2015). 

Vitamin A deficiency (VAD) is still remaining as a public health problem in many 

developing countries due to inadequate VA intake. Several health consequences, 

including infections, ocular manifestations diseases, inflammation and growth 

retardation can be provoked from the inadequate VA intake (West et al., 2011). 

Moreover, VAD is a leading cause of morbidity and mortality in pregnant/lactating 

women and infants. Many strategies have been implemented to improve VA status and 

combat VAD. One of the most direct, effective and low-cost approaches is food 

fortification. Vitamin A-fortified food products were successfully increased VA status 

have been reported in Vietnam, Indonesia, Bangladesh and Thailand (de Pee et al., 

1995; Ezzati et al., 2004; Khan et al., 2007). Our preceding study found that the feeding 

of VA-fortified rice (890 µg/ day) for 2 months increased total body store of VA in Thai 

school-age children (Pinkaew et al., 2014b). 

The human gastrointestinal (GI) tract is the habitat for more than thousand 

microbiotic species which form a complex ecological community that affects the host’s 

normal physiology (Karakochuk et al., 2017). The human health is susceptible to 

diseases through the collective metabolic activities of the community members 

consisting of bacteria, viruses and fungi and their interactions with the host. Kau et al. 

(2011) established a model of the interrelations between the gut microbiota and the 

development of malnutrition and VAD is one type of malnutrition known to affect the 

immune system, infection and impaired absorption of nutrients (Huang et al., 2018; 

World Health Organization, 2019b). A recent study reported VA inhibited Murine 

Norovirus (MNV) replication after VA administration by increasing Lactobacillus spp. 

stimulation in mice (Lee & Ko, 2016). However, the correlation between gut microbiota 

and VAD is by no means clear, and the connection between the role of the VA and the 

gut microbiota needs to be explored, especially in human. 

Therefore, this study intended to determine the effect of VA-fortified rice including 

its effect in infants through the breast milk of lactating women, ascertained by the 

changes in representative species of gut bacteria, such as Bifidobacterium spp., 

Lactobacillus spp., Clostridium spp. and Enterobacter spp. in lactating woman-infant 

pairs. 

MATERIALS AND METHODS 

The study design was a double-blind, randomized controlled trial. The current 

study was conducted as one part of the main study protocol, namely “the efficacy of VA 

fortified rice in lactating Thai women” which the primary outcome was to measure 

vitamin A status (total body store, liver vitamin A concentration and serum retinol) of 

lactating women (Pinkaew et al., 2021a). 
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Study site and participants 
The participants for this study were lactating women and their infants who lived 

in the peri-urban area of Muang district, Pattani province, located on the east coast of 

southern Thailand. The intervention was conducted from January 2017 to February 

2018. 

The inclusion criteria of participants were apparently healthy lactating women 

aged 20-40 years with a gestational age of 37-42 weeks, and infants from a singleton 

pregnancy with a birth weight greater than 2,500 g. The sample of 31 pairs/group was 

calculated based on a sample size calculation of the main study protocol for a primary 

objective (which could detect the difference of 12 µg retinol/g liver with an SD that is 

1.25 times the difference) (Waddel Snedecor et al., 1989). To allow for dropouts, 70 

lactating women were recruited (n=35/group). All lactating women planned to 

breastfeed for at least 4-6 months at the time of recruitment. 

The exclusion criteria were not being exclusively breastfeeding (EBF) at the end 

of the intervention, unable to collect the stool samples of both mother and infant at the 

same day (within the specified period of time), suspected to have an infection, taken 

the antibiotic (a month before stool collection) and taken VA supplement. The details of 

the study protocol were explained to lactating women. Informed consent was obtained 

from mothers and on behalf of their infants. 

 

The intervention 
 The details for preparation of VA fortified rice as component of the lunch meal was 

explained previously (Pinkaew et al., 2021a). Briefly, VA-premixed kernel (DSM 

Nutritional Products, Singapore) were mixed with normal rice at the ratio 4:96 to obtain 

the target value 500 µg retinol/50 g fortified rice. The participants were randomly 

assigned into 2 groups (n= 35/group). VA-fortified rice (500 µg retinol/day) was given 

to lactating women of the intervention group while unfortified/normal rice was given to 

the control group. The rice meals were freshly prepared daily and given to all the 

lactating women in the morning of the weekday for 14 weeks by the field staffs. 

Research assistants and a nurse visited the mothers once a week to monitor leftovers 

and compliance. 

 

Data collection and laboratory analysis 

General characteristics and anthropometric measurements 

 At the baseline, the lactating women were asked for general information about 

themselves and their socioeconomic status, such as their age, education, occupation, 

marital status, number of children, their expected duration of breastfeeding and their 

health status, as well as the information about their infants. Moreover, anthropometric 

measurements were assessed at baseline for both lactating women and infants. The 

body dimensions (weight, height or length and head circumference (HC) of all 

participants were measured. Their height/length and HC were recorded in centimetres 

(cm ± 0.1 cm), and their weights were recorded in kilograms (kg ± 0.1 kg). The weight 

of the participants was measured using a digital scale (Camry, USA) which was 

calibrated daily. The height/length of lactating women and infants were measured with 

a stadiometer (Seca, Japan) and a length board (Ro-chain, Germany) respectively.  

The HC was measured with a measuring tape (Kanko, Thailand). All the measurements 

were done for 2 replicated and the average values were calculated from the two 

measurements. 

 

Stool samples collection  

The stool samples were obtained from lactating woman-infant pairs on the same 

day at baseline and endpoint in order to determine the gut microbiota composition. 

Instructions relating to the collection of the stool samples were explained to participants 

at the time of recruitment. The stool samples of both lactating woman and their infant 

must be taken at the same day (before-after intervention) with a plastic teaspoon then 

kept in a clean small plastic box. The fresh stool sample was immediately brought to 

the laboratory by research assistant where it was kept in a freezer at -80°C for gut 
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microbiota analysis. All of the supply materials that contact with the stool sample were 

sterilized. 

 

Gut microbiota determination  

Enumeration of gut microbiota by fluorescent in situ hybridization (FISH) 

All the stool samples from the lactating woman-infant pairs were diluted in 

Phosphate-buffered saline (PBS) and analyzed at baseline and endpoint. The analysis 

was carried out using DNA probes for the specific hybridization of Bifidobacterium spp. 

(Bif164) (Langendijk et al., 1995) and Lactobacillus spp. (Lab158) (Harmsen et al., 

1999) as representatives of mostly benign or beneficial bacteria and Clostridium spp. 

/Enterobacter spp. (Chis150) (Franks et al., 1998) as representative of mostly  

non-beneficial bacteria (Plongbunjong et al., 2017). The DNA probes were purchased 

from Sigma-Aldrich (St. Louis, USA). Data were expressed as log10 cell/g faecal 

sample. 

 

Identification of gut microbiota by next-generation sequencing (NGS) 

The NGS technique (MiSeq, Illumina, USA) was performed in the subset of the 

infants’ stool samples (three from the intervention and three from the control group). 

Stool samples were randomly selected for the sequencing of bacterial 16S rRNA  

gene of gut microbiota at baseline and endpoint. This identification technique used  

V3--V4 regions of 16S rRNA gene. The primer sequences standard used IUPAC 

nucleotide nomenclature with the 16S amplicon PCR forward primer = 5'TCGTCGG 

CAGCGTCAGATGTGTATAAGAGACAGCCTACGGGNGGCWGCAG and 16S reverse primer 

= 5'GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGGACTACHVGGGTATCTAATCC. The 

data analysis from MiSeq Reporter software was aligned with 16s reference of bacteria 

and archaea in the Greengenes 16S rRNA gene database (http://greengenes.lbl.gov/). 

The pipeline of NGS data analysis is on‐board primary analysis, and secondary analysis 

using MiSeq Reporter software. The amplicon primers were used for the V3 and V4 

region that create a single amplicon of approximately ~460 bp (Klindworth et al., 2013). 

The output of this workflow is a classification of reads at several taxonomic levels: 

kingdom, phylum, class, order, family, genus, and species. This protocol was referenced 

by Illumina (Illumina, 2020). For quality control of identification, the minimum read 

number of each sample was set to at least 100,000. The chimeric sequences were 

cleaned up by using AMPure XP beads to purify the 16S V3 and V4 amplicon away from 

free primers and primer dimer species. The sequence data was deposited to National 

Center for Biotechnology Information (NCBI) with GenBank submission: SUB8713875. 

 

Ethical clearance 
The study’s protocol was approved by the Research Ethics Committee for Science, 

Technology and Health Science, Prince of Songkla University, Pattani campus (REC No. 

psu.pn.1-005/59) and the protocol was registered for ClinicalTrials.gov (ID: 

NCT03056625). 

 

Statistical analysis 
The R program i386 version 3.5.2 was used for data analysis. The normality was 

checked by the Shapiro-Wilk test (P > 0.05) and normal distributed data were presented 

as mean ± standard deviation (SD). The gut microbiota enumeration by the FISH 

technique was analyzed using repeated measures to determine the effects of time x 

treatment. The data were compared between the intervention and control groups using 

independent sample t-tests, data of the same group at different time point using paired 

t-test and the chi-square test for categorical data. Differences were considered to be 

significant at P < 0.05. 
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RESULTS   

Baseline characteristics of lactating women and infants 
At the end of the study, there were a total of 27 pairs of lactating women-infants 

whose stool samples were completely collected at pre vs post intervention (14 pairs 

belonging to the intervention group and 13 pairs belonging to control group, 

respectively). Beside unable to collect stool samples of mother and infant at the same 

day (n=14), the reasons for dropout as follows: (i) moved out of the study area (n=4), 

(ii) cannot breastfeed (n=2), (iii) late neonatal mortality (n=1), (iv) refused to give 

blood samples (n=1), (v) not EBF (n=21),  

The baseline characteristics of the 27 lactating woman-infant pairs were found to 

be comparable between the two groups (Table 1). The average age of the mothers was 

29.2 years, with mean BMI of 22.5 kg/m2, all of them were Muslim. More than 40% of 

the lactating women did not work and approximately half (51.8%) had completed a 

bachelor’s degree, with the average of schooling year by 13.5 (data not shown in  

Table 1). The average family income per month was ≈ 500 USD which supported around 

5 members of their family. Most women (70%) had a normal labour. The parity was 2.5 

and approximately half of the infants were male and their average age at baseline was 

1 month. The weight, length and HC of infants were 4.4 kg, 53.7 cm and 37.1 cm, 

respectively, at baseline. 

Table 1. Baseline characteristics of lactating women (n=27) and infants (n=27) 
participated in the study. 

Characteristics 
Total 

(n=27) 
Intervention 

(n=14) 
Control 
(n=13) 

Mother    

Age, y 29.20 ± 4.60 27.60 ± 4.40 30.80 ± 4.30 

Religion, % Muslim 100.00 100.00 100.00 

Household size, n 5.40 ± 1.70 5.30 ± 1.50 5.60 ± 1.90 

Gestation age, wk 38.80 ± 1.20 39.00 ± 1.30 38.70 ± 1.00 

Mode of delivery, % Normal labor 70.40 64.30 76.90 

Parity, n 2.50 ± 0.90 2.30 ± 0.90 2.80 ± 0.80 

Weight, kg 54.30 ± 9.70 52.20 ± 11.40 56.80 ± 6.90 

Height, m 1.57 ± 0.04 1.58 ± 0.02 1.56 ± 0.04 

Body mass index, kg/m2 22.50 ± 3.90 21.60 ± 4.50 23.40 ± 3.20 

Infant    

Gender, % boy 51.80 50.00 53.80 

Age, mo 1.00± 0.20 1.10 ± 0.10 1.10 ± 0.20 

Weight, kg 4.40 ± 0.50 4.30 ± 0.50 4.40 ± 0.50 

Length, cm 53.70 ± 1.80 54.00 ± 1.80 53.40 ± 1.90 

Head circumference, cm 37.10 ± 1.00 37.30 ± 0.90 37.00 ± 1.10 

Note: Data expressed as mean ± SD 

         Not significantly different at P  >  0.05, between intervention and control group 

Lactating women and infants’ gut microbiota enumeration by 
FISH technique 

At the baseline, the number of Bifidobacterium spp., Lactobacillus spp., 

Clostridium spp. /Enterobacter spp. in faecal samples between the 2 groups of lactating 

women and infants were comparable (P > 0.05) (Figure 1 and Figure 2). 

At the end of the intervention, for the mothers, it was found that the VA-fortified 

rice only had an effect on the number Clostridium spp./Enterobacter spp. (Figure 1) 

which had decreased and was significantly lower (P < 0.01) in the intervention group 

(9.57 ± 0.57 log10 cell/g faecal sample) compared to the control group (9.73 ± 0.35 

log10 cell/g faecal sample). On the other hand, the increases in benign or beneficial 

bacteria were found in the group of exclusively breastfed infants whose mothers had 
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been fed with VA-fortified rice (Figure 2). Bifidobacterium spp. (10.12 ± 0.25 log10 

cell/g faecal sample vs 9.93 ± 0.65 log10 cell/g faecal sample) and Lactobacillus spp. 

(9.88 ± 0.37 log10 cell/g faecal sample vs 9.58 ± 0.37 log10 cell/g faecal sample) were 

significantly higher (P < 0.05) in the intervention group when compared to the control 

group of infants respectively at the endpoint. 

 

Figure 1. The number (log10 cell/g faecal sample) of Bifidobacterium spp., 

Lactobacillus spp., Clostridium spp./Enterobacter spp. in faecal samples of 

lactating women during 14 weeks of intervention. 

Note:  *significant difference (P < 0.05) between intervention and control group (repeated measures and independent sample t-test) 

**significant difference (P < 0.01) between intervention and control group (independent sample t-test) 

 

Figure 2. The number (log10 cell/g faecal sample) of Bifidobacterium spp., 

Lactobacillus spp., Clostridium spp./Enterobacter spp. in infants’ faecal 

samples during 14 weeks of intervention. 

Note:  *significant difference (P < 0.05) between intervention and control group (repeated measures and independent sample t-test)  

**significant difference (P < 0.01) between intervention and control group (repeated measures and independent sample t-test) 
***significant difference (P < 0.001) between intervention and control group (independent sample t-test) 

Infants’ gut microbiota identification by NGS technique 
Figure 3 to 8 depict the relative percentage abundance of the gut microbiota 

composition measured by the NGS technique at phylum (Figure 3-4), genus (Figure  

5-6)and species (Figure 7-8) level in the infants’ faecal samples (n= 3/group) at 

baseline and endpoint.  
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Gut microbiota at the phylum level 

At the phylum level, the infants’ faecal samples were dominated by Actinobacteria, 

Proteobacteria, Bacteroides and Firmicutes (Figure 3 and 4). The percentage of bacteria 

were not significantly (P > 0.05) different when compared with the intervention and 

control group at 2 time points. However, only Actinobacteria in the intervention group 

significantly (P < 0.01) increased at endpoint compared to the baseline and no changed 

had been detected for the control group. At the baseline, for the intervention group 

(Figure 3), the abundance of Proteobacteria (41.6%) was higher than that of 

Actinobacteria (26.4 %), Bacteroides (23.2%), Firmicutes (5.7%) and unclassified 

bacteria (3.0%). Meanwhile, for the control group, the abundance of Actinobacteria 

(57.3%) was higher than that of Proteobacteria (25.7%), Firmicutes (12.9%), 

Bacteroides (3.6%) and unclassified bacteria (0.5%). At the endpoint of the intervention 

(Figure 4), the most abundant phylum for intervention and control group was changed 

to Actinobacteria (beneficial bacteria) and Proteobacteria (pathogenic bacteria) 

respectively. 

 

Figure 3. Percentage abundance of gut microbiota at the phylum level in 

infants’ faecal samples during 14 weeks of intervention measured by 16S rRNA 

sequencing (NGS) at baseline 

 

Figure 4. Percentage abundance of gut microbiota at the phylum level in 

infants’ faecal samples during 14 weeks of intervention measured by 16S rRNA 

sequencing (NGS) at endpoint. 

Note: ++ significant different (P < 0.01) at 2 timepoints (baseline and endpoint) (pair-t-test) 
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Gut microbiota at the genus level 

The results of the genus level enumeration are shown in Figure 5 and 6. Benign 

or beneficial bacteria such as Bifidobacterium, Lactobacilli and pathogenic bacteria such 

as Escherichia, Klebsiella, Bacteroides, Streptococcus, Enterobacter, Serratia and 

Veillonella were found in the 2 groups at the baseline and endpoint.  

At baseline (Figure 5), both intervention and control group were not significantly 

(P > 0.05) different in the proportion of gut bacteria.  Escherichia (25.0%) and 

Bifidobacterium (24.7%) dominated at the baseline of the intervention group. At the 

endpoint (Figure 6) the abundance at genus level of the intervention group had changed 

to Bifidobacterium (48.3%) which was significantly (P < 0.01) increase after 

intervention. The Lactobacilli appeared in both groups; however, the intervention group 

had a significantly (P < 0.01) higher than the control group (26.3% vs 1.4%, 

respectively). Moreover, Bacteroides was no longer detected in the intervention group 

at the end of the study. At the baseline (Figure 5), the gut microbiota of control group 

was dominated by Bifidobacterium (56.6%) (the beneficial bacteria) which decreased to 

33.3% at the end point (Figure 6) while the pathogenic bacteria Klebsiella (27.6%) was 

significantly increase and higher than the intervention group (P < 0.01).  

 

Figure 5. Percentage abundance of gut microbiota at the genus level in infants’ 

faecal samples during 14 weeks of intervention measured by 16S rRNA 

sequencing (NGS) at baseline 
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Figure 6. Percentage abundance of gut microbiota at the genus level in 

infants’ faecal samples during 14 weeks of intervention measured by 16S rRNA 

sequencing (NGS) at endpoint. 

Note: *significant difference (P < 0.05) between intervention and control group at the same time point  (independent t-test)  

**significant difference (P < 0.01) between intervention and control group at the same time point  (independent t-test) 

+significant difference (P < 0.05) at 2 time points (baseline and endpoint) (pair t-test)
++significant difference (P < 0.01) at 2 time points (baseline and endpoint) (pair t-test)

Gut microbiota at the species level 

Figure 7 and 8 show the relative abundance (%) of gut bacteria at the species 

level. At the baseline (Figure 7) of the intervention group,  infant’s stool samples were 

more populate with the pathogenic bacteria, Escherichia albertii (23.4%) and 

Sphingobacterium multivorum (11.3%) than the beneficial bacteria: Bifidobacterium 

breve (7.0%) and Bifidobacterium longum (5.8%). On the other hand, beneficial 

bacteria such as Bifidobacterium catenulatum (16.6%), and Bifidobacterium longum 

(13.8%) were dominated at the baseline of the control group. The changes were found 

after intervention in the pattern of bacteria (Figure 8) for the intervention group 

significantly increased (P < 0.05) in beneficial bacteria e.g. Bifidobacterium longum 

(22.2%), Bifidobacterium choerinum (3.4%) and decreased in pathogenic bacteria, such 

as Escherichia albertii (17.9%). Moreover, Bifidobacterium longum and Bifidobacterium 

choerinum were significantly higher (P < 0.05) compared to control group. Meanwhile, 

in the control group at the endpoint, the pathogenic bacteria, Klebsiella variicola 

(18.4%) dramatically increased (P < 0.01) with a decrease in the abundance of the 

beneficial bacteria, Bifidobacterium longum (10.3%). 

+

* **

****

0

10

20

30

40

50

60

70

R
e
la

ti
v
e
 a

b
u
n
d
a
n
c
e
 (

%
)

Intervention (n=3) Control (n=3)



Chiang Mai University Journal of Natural Sciences: https://cmuj.cmu.ac.th 10 

 

CMUJ. Nat. Sci. 2021. 20(4): e2021079 

 

Figure 7. Percentage abundance of gut microbiota at the species level in 

infants’ faecal samples during 14 weeks of intervention measured by 16S 

rRNA sequencing (NGS) at baseline. 

 

Figure 8. Percentage abundance of gut microbiota at the species level in 

infants’ faecal samples during 14 weeks of intervention measured by 16S rRNA 

sequencing (NGS) at end point. 

Note: *significant difference (P < 0.05) between intervention and control group at the same time point  (independent t-test)  

**significant difference (P < 0.01) between intervention and control group at the same time point  (independent t-test) 
+significant difference (P < 0.05) at 2 time points (baseline and endpoint) (pair t-test) 

++significant difference (P< 0.01) at 2 time points (baseline and endpoint) (pair t-test) 
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DISCUSSION 

The effect of VA fortified rice had been evaluated in lactating women-infant pairs 

with 2 methods. For the FISH method, the results showed that lactating women who 

fed with VA-fortified (intervention group) had lower number Clostridium 

spp./Enterobacter spp. (representative of harmful bacteria) and their infants showed 

higher of the population of Bifidobacterium spp. and Lactobacillus spp. (benign or 

beneficial bacteria) compared to control group. This result was again confirmed with the 

NGS technique in the subset of infant’s stool samples which showed the increasing of 

Lactobacillus (genus level), B. longum and B. choerinum (species level). Infants in 

control group showed that Clostridium spp./ Enterobacter spp. increased (analysed by 

FISH method). And it was confirmed by NGS technique that its belong to genus of 

Escherichia in dominant species of E. albertii and genus of Klebsiella in dominant species 

of K. variicola.  

The knowledge of interrelationship between nutrient especially vitamin A and gut 

microbiota is relatively new therefore, the direct mechanism to explain the role of VA 

on gut microbiota has not been confirmed yet. Previously, there were limited numbers 

of study focusing on the relationship of VA/VAD and gut microbiota on infection/health. 

The study of Lee and Ko (2016) showed the administration of VA inhibited the replication 

of murine norovirus (MNV) through stimulation of the development of Lactobacillus in 

mice. Another cohort study conducted in patients with persistent diarrhoea found that 

subjects with both VAD and dysbiosis accounted for 78.7% (Wang et al., 2016). 

Furthermore, a study in VAD rats found reduction of Lactobacillus spp. in the tissues of 

the jejunum (62%), ileum (82%) and colon (86%) with a more marked increase in 

Escherichia coli strains (Amit-Romach et al., 2009). 

Lee and Ko (2016) proposed a model to explain the possible relationship of gut 

microbiota, immunity, infection and the absorption of nutrients in the GI tract. A proper 

balance of the gut microbiota is vital for human health, and the diet is one of the main 

factors that cause changes in the composition, diversity and activity of the gut 

microbiota (Graf et al., 2015). Different in microbiota composition profiles have been 

associated with dietary patterns (Wu et al., 2011). Specific nutritional components and 

dietary patterns influence the composition, diversity and activity of the gut microbiota 

(Garcia-Mantrana et al., 2018).  

Vitamin A is one of the important micronutrient which has a multiple biological 

functions for growth and development. Thus, the proposed mechanism of the 

relationship between VA and gut microbiota is that VA could be help in the maintaining 

of villi cells which support the growth of gut microbiota, especially probiotic bacteria, 

and also help in the absorption of nutrients. This is in the relation to the essential role 

of the VA which is an important for the differentiation of epithelial and other cells in our 

body (Favennec & Cals, 1988; Klaus Kraemer, 2010). 

Another possible mechanism is that VA may be necessary for the growth of specific 

bacteria like Bifidobacterium spp. and Lactobacillus spp. Previously, Snell (1993) and 

Gu and Li (2016) reported that water-soluble vitamins are used for nutritional proposes 

in many prokaryotes like Lactobacillus and Bifidobacterium. However, the mechanism 

mentioned above has not yet been observed in fat-soluble vitamins, such as VA. 

Therefore, this will be in the needed to be confirmed in the future research.  

Vitamin A has the important role in the promotion of the immune system by 

development of T-cells, especially Th1 and Th2 in the human body (García, 2012) which 

directly act as natural defenses against pathogenic bacteria. About one third of ingested 

VA is transferred into breast milk from maternal diet, then it is becoming the primary 

source of VA for breastfed infants (Vahlquist & Nilsson, 1984). This could be one 

explanation by which VA-fortified rice resulted in a decrease of  representative 

pathogenic bacteria, such as Clostridium spp./Enterobacter spp. in lactating women as 

well as in infants e.g., Enterobacter, Klebsiella (NGS method).  

The body microbiota and gut microbiota of mother contribute to the initial 

exposure of an infant to viable microbiota, in the initial stage by the mother holding, 

cuddling and kissing (Karakochuk et al., 2017). Breastfed infants are also exposed to 

the mother’s microbiota which contains Lactobacillus, Staphylococcus and 

Bifidobacterium (Rautava, 2016; Yang et al., 2019) as showed in the present study. 
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To our knowledge this is the first RCT study related to VA intervention and gut 

microbiota in lactating women-infant pairs. The composition of their gut microbiota was 

measured using the FISH technique together with the NGS technique being used to 

determine the species level biota of a subsample (≈ 22% of total stool samples) of the 

infants. NGS provides significant advantages such as its high-performance capacity and 

high accuracy in the data generated (Berglund et al., 2011; Grotta et al., 2015). 

Vitamin A fortified rice (500 µg/d) not only improved vitamin A status of lactating 

women as measured by total body vitamin A stores and total liver reserve (as primary 

outcome of the main protocol) (Pinkaew et al., 2021a) but also has the beneficial effect 

on the gut microbiota of both mothers and breastfed infants. 

One limitation of this study was the sample size, which was rather low, partly 

because some of the participants initially recruited in the study were not exclusively 

breastfeeding at the end of the study. This could be one explanation for not finding the 

changes of beneficial bacteria; Bifidobacterium spp. and Lactobacillus spp. in lactating 

women who received VA fortified rice even though the number of  Bifidobacterium spp. 

and Lactobacillus spp. were higher at the endpoint when compare to the control group. 

Therefore, for the study in the future, a larger group of the participant base on the 

number of gut microbiota, which were found in this study could be used for the sample 

size calculation. Moreover, confounding factors, i.e. the illness and health consequences 

during the period of intervention should be monitored and addressed by the health 

officers. The results from this study could be used as the supported evidence for the 

role of vitamin A on gut microbiota and to promote exclusively breastfeeding during the 

first 6 months of life. 

CONCLUSION 

The feeding of VA-fortified rice (500 µg/day) to Thai lactating women during 14 

weeks resulted in a significant decrease in Clostridium spp./Enterobacter spp. 
representing harmful bacteria in mothers while breast milk of the lactating women who 

were fed with VA-fortified rice appeared to promote the growth of benign or beneficial 

bacteria (Bifidobacterium spp. and Lactobacillus spp.) in EBF infants especially 

Lactobacillus, B. longum and B. choerinum when measuring with NGS method. 
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