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ABSTRACT
Background: Higher alcohol consumption was reported in those who consumed more red meat. Both excessive alcohol and iron intake 
can cause damage to the liver. The purpose of this study is to investigate the effect of Lactobacillus casei strain Shirota (L. casei) on iron 
metabolism and intestinal microflora in rats after alcohol and iron co-exposure.
Methods: Sixty male rats were randomly divided into 3 groups for 12 weeks: the control group: treated with normal saline by gavage and 
normal diet; the model group: treated with alcohol (8-12 mL/kg/day) by gavage and iron (1500 mg/kg) in diet; the model group supple-
mented with L. casei (8 × 108 CFU/kg/day) as the L. casei group.
Results: Compared with the control group, the levels of serum ferritin, hepcidin, the protein expressions of ferroportin 1 and divalent 
metal transporter 1 in the model group were significantly increased, while it was significantly decreased after L. casei supplement (P < 
.05). Compared with the control group, the amount of Lactobacillus of the model group was significantly decreased, while the amount of 
Bacteroides and Escherichia coli was significantly increased (P < .05). After the supplementation of L. casei, the amount of Lactobacillus 
increased significantly, while the amount of Bacteroides and E. coli decreased significantly (P < .05).
Conclusion: L. casei could effectively improve iron metabolism and intestinal flora disorder induced by excessive alcohol and iron. The 
effective treatment of iron metabolism may be related to the changes of intestinal flora.
Keywords: Alcohol and iron, intestinal microflora, iron metabolism, Lactobacillus casei

INTRODUCTION
Beneficial intestinal bacteria have numerous and impor-
tant functions, and intestinal flora plays an important 
role in maintaining intestinal health. Studies have found 
that intestinal flora imbalance can be caused by alcohol 
consumption in animals and humans.1,2 The imbalance of 
intestinal flora caused by excessive alcohol intake plays 
an important role in alcoholic liver injury.3,4 The liver is an 
important organ of alcohol metabolism and iron stor-
age, so it is the main target organ of alcohol injury and 
iron overload.5,6 Iron is an essential element and plays 
an important role in many physiological functions, but 
excessive iron intake can cause damage to different tis-
sues and organs.7 Excessive alcohol intake can promote 
iron absorption, resulting in excessive iron deposition in 
the liver.8,9 However, it is unclear that co-exposure with 
alcohol and iron affects iron metabolism and gut micro-
biota. Therefore, this study aims to evaluate the effect 
of Lactobacillus casei on iron metabolism and intestinal 
microflora in rats exposed to iron and alcohol.

L. casei is a kind of probiotic, which can produce ben-
eficial effects on the host. However, few studies have 

reported whether L. casei can improve iron metabo-
lism and the intestinal microflora caused by combined 
exposure to iron and alcohol. Therefore, in order to  
confirm the results of the observational studies and 
to fill the gap, we did this experimental study. This 
study focused on the effects of excessive alcohol  
and iron on iron metabolism and intestinal flora, which 
may provide more information on the possible causes 
of side effects or diseases caused by excessive alcohol 
and iron.

MATERIALS AND METHODS
Laboratory Animals
This study was conducted in strict accordance with the 
recommendations of the National Institute of Health 
guidelines for the care and use of laboratory animals. Sixty 
male Wistar rats (180-220 g, 2 months old) were pur-
chased from from Animal Experiment Center (Qingdao, 
China) for Laboratory Animals. The institutional ani-
mal care and use committee approved this protocol 
(Permit Number: SCXK 20140007). Lactobacillus casei 
was provided by Yangle Duo China Investment Co., Ltd. 
(Lactobacillus casei content ≥ 1×108 CFU/mL). The type 
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of alcohol (56% (v/v) ethanol) used in this study was Red 
Star Erguotou (Beijing, China).

Design of Experiment
After 1 week of adaptive feeding, the rats were randomly 
divided into 3 groups (20/group). The control group: treated 
with normal saline by gavage and normal diet; the model 
group: treated with normal diet containing dietary iron 
1500 mg/kg and gavaged with alcohol 56%, v/v (8 mL/kg/
day 2 weeks + 12 mL/kg/day 10 weeks); the Lactobacillus 
casei group: the model group was supplemented with  
8 mL/kg/day L. casei (1 × 108 CFU/mL). The trial lasted for 
12 weeks. The flowchart of the study was shown in Figure 1.

Measurement of Serum Ferritin, Hepcidin and 
Expression of Iron-Related Protein
A competitive enzyme immunoassay using the enzyme-
linked immunosorbent assay kit (Katy, TX, USA) was used 
to determine the levels of hepcidin and serum ferritin. The 
manufacturer’s instructions were strictly followed by the 
procedures. We used Western blot analysis to determine 
the expressions of divalent metal transporter 1 (DMT1) 
and Ferroportin 1 (FPN1).

Analysis of Gut Microbiota
We extracted genomic DNA from feces samples and con-
structed 16S rRNA library. The real-time fluorescence 
quantitative polymerase chain reaction (PCR) method 
was used to quantify the contents of bacterial genome 
DNA, involving Bifidobacterium, Clostridium tender, 
Enterococcus, Escherichia coli, Bacteroides fragilis, and 
Lactobacillus. The annealing temperature and primer 
sequences for PCR amplification of specific bacteria are 
shown in Table 1.

Statistical Analysis
We collected all data which were expressed as mean ± 
standard deviation in the Statistical Package for Social 
Sciences (SPSS), version 18.0 software (SPSS Inc.; Chicago, 
IL, USA). Differences between treatment groups were 
compared by using the one-way analysis of variance, and 
values were considered statistically different at P < .05.

RESULTS
The Effects of L. casei on Serum Ferritin and Hepcidin
As shown in Figure 2, compared with the control group, 
the levels of serum ferritin and hepcidin in the model 
group were significantly increased by 70.09% and 
27.33%, respectively (P < .05). After L. casei supple-
mentation, the serum ferritin and hepcidin levels in the 
Lactobacillus casei group were significantly decreased 
17.23% and 25.61%, respectively (P < .05).

The Effects of L. casei on Expressions of Divalent 
Metal Transporter 1 and Ferroportin 1
As shown in Figure 3, compared with the control group, 
the expressions of DMT1and FPN1 proteins in the model 
group were upregulated (P < .05) and significantly down-
regulated by 16.13% and 23.08% after L. casei treatment 
(P < .05).

The Effects of L. casei on Intestinal Microbiota
The Standard Curve Drawing 
Real-time fluorescence quantitative PCR reaction was 
performed after dilution of 10-fold series of standard sub-
stances. The logarithms of standard samples with differ-
ent copies were taken as abscissa coordinates, and the 
initial cycle number (Ct) which reached the fluorescence 
threshold in the process of quantitative PCR was taken as 
ordinate to obtain the standard curves of bacteria, includ-
ing E. coli (y = −4.980x + 59.36, R2 = 0.990), Enterococcus 
(y = −2.384x + 30.92, R2 = 0.992), Bifidobacterium (y = 
−3.815x + 44.17, R2 = 0.992), Lactobacillus (y = −3.112x + 
40.21, R2 = 0.988), Bacteroides (y = −4.007x + 44.63, R2 = 
0.998), and Clostridium flexneri (y = −4.940x + 51.72, R2 = 
0.997).

The Quantitative Analysis Results
Compared with the control group, the amount of 
Lactobacillus of model group was significantly decreased, 
while the amount of Bacteroides and E. coli were sig-
nificantly increased (P < .05). After the supplement of  
L. casei, the amount of Lactobacillus increased significantly, 
while the amount of Bacteroides and E. coli decreased 
significantly (P < .05). The results were shown in Figure 4.

Main Points

•	 Higher alcohol consumption was reported in those who 
consumed more red meat. Both excessive alcohol and iron 
intake can cause damage to the liver.

•	 It is unclear that co-treatment with alcohol and iron affects 
iron metabolism and gut microbiota.

•	 Few studies have reported whether Lactobacillus casei 
can improve iron metabolism and the intestinal microflora 
caused by combined exposure to iron and alcohol.

•	 Our study demonstrated that supplementary L. casei sig-
nificantly improved iron metabolism and regulated intesti-
nal flora. The effective treatment of iron metabolism may 
be associated with altered intestinal microflora.
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DISCUSSION
Our study showed that L. casei supplementation signifi-
cantly improved iron metabolism and regulated intestinal 
flora. The effective treatment of iron metabolism may be 
related to the change of intestinal flora.

Iron is an essential micronutrient for fundamental meta-
bolic processes in nearly all organisms.10 Nevertheless, 
iron is a pro-oxidative element, and a moderate amount 
of iron can have a negative impact on the biological sys-
tem.11 Fe is stored in the liver in the form of ferritin,12 and 

Figure 1.  The flowchart of the study.

Table 1.  The Primer Sequences and Annealing Temperature for Polymerase Chain Reaction Amplification of Specific Bacteria

Bacterial Species Primer Sequences (5′-3′) Lengths (bp) Annealing Temperature (°C)

Escherichia coil F: 5′-GTTAATACCTTTGCTCATTGA-3′ 340 51

R: 5′-ACCAGGGTATCTTAATCCTGTT-3′

Enterococcus F: 5′-ACTCGTTGTACTTCCCATTGT-3′ 144 52

R: 5′-CCCTTATTGTTAGTTGCCATCATT-3′

Bifidobacterium F: 5′-GGGTGGTAATGCCGGATG-3′ 442 61

R: 5′-TAAGCGATGGACTTTCACACC-3′

Lactobacillus F: 5′- AGCAGTAGGGAATCTTCCA-3′ 341 55

R: 5′-CACCGCTACACATGGAG-3′

Bacteroides fragilis F: 5′- CTGAACCAGCCAAGTAGCG-3′ 230 62

R: 5′-CCGCAAACTTTCACAACTGACTTA-3′

Clostridium tender F: 5′-GCACAAGCAGTGGAGT-3′ 246 58

R: 5′-CTTCCTCCGTTTTGTCAA-3′
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circulating levels are generally considered reflective of 
total body iron stores.13 Ferritin acts as a tissue buffer 
against Fe deficiency and overload. The hepatic hormone 
hepcidin, known as the master regulator of iron homeo-
stasis, regulates iron flux in peripheral tissues.14 The 
hepcidin is mainly produced in the liver, and it is a key reg-
ulator of iron metabolism. It inhibits iron release by ferro-
portin when found in high amounts. However, it facilitates 
iron export into circulation when it is low in concentra-
tion. After combined exposure with alcohol and iron, we 
found ferritin and hepcidin were significantly upregu-
lated in the present study. In line with our study, another 
study showed that the hepcidin protein was higher in 
rats combined with alcohol and iron compared with 
the control group.15 On the contrary, other studies have 
shown that alcohol can result in downregulating hepcidin 

expression.16,17 The systemic iron level is tightly regulated 
by the hepcidin, with its expression stimulated by iron 
excess.18,19 It suggested that excessive carbonyl iron could 
cause primary iron overload and lead to high expression 
of hepcidin. In other trails, the authors suggested that 
consumption of alcohol could increase the serum ferri-
tin concentration.20,21 Another study had shown that the 
serum ferritin level increased with the increase of dietary 
iron level.22 The present trail results show that L. casei 
supplement significantly decreased the serum ferritin 
and hepcidin induced by combined treatment of alcohol 
and iron.

Dietary iron must be reduced by the apical ferric reductase 
duodenal cytochrome b to ferrous iron for transport into 
enterocytes via the apical iron transporter DMT1.23 The 

Figure 3.  Effects of Lactobacillus casei on expressions of iron-related proteins. Control, control group; model, model group; L. casei, L. casei 
group; DMT1, divalent metal transporter 1; FPN1, ferroportin 1. *P < .05 versus control, #P < .05 versus model.

Figure 2.  Effects of Lactobacillus casei on serum ferritin and hepcidin. Control, control group; model, model group; L. casei, L. casei group. 
*P < .05 versus control, #P < .05 versus model.
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increase in the levels of hepatic DMT1 protein expres-
sion augments liver Fe uptake.24 Divalent metal trans-
porter 1 at the apical membrane of intestinal enterocyte 
brings in non-heme iron from the diet, whereas FPN1 at 
the basal membrane exports iron into the circulation. The 
liver-derived peptide hepcidin plays a major regulatory 
role in controlling FPN1 level in the enterocyte and thus 
controls the whole-body iron absorption.25 After com-
bined exposure with alcohol and iron, we found DMT1 and 
FPN1 were significantly upregulated in the present study. 
The previous trails indicated that alcohol-mediated hep-
cidin suppression in the liver leads to high expression of 
FPN1 and DMT1.17,26 Another study also showed that alco-
hol consumption decreased the hepcidin level and led to 
elevation of DMT1 at the mRNA level in the duodenum 
of patients with alcoholic liver disease.27 To the best our 
knowledge, this is the first report that L. casei treatment 
can suppress the upregulation of DMT1 and FPN1 expres-
sions induced by co-exposure with alcohol and iron. The 
interactions between intestinal microbiota and iron status 
have been widely documented.28-30 Unfavorable hepatic 
iron accumulation in rats can be decreased with oral 
Bificobacterium.31 It has been demonstrated that probi-
otic supplementation beneficially affects the host’s iron 
status.32 In this study, we showed that L. casei regulate 
host iron metabolism by downregulating ferritin and hep-
cidin expression and by suppressing intestinal DMT1 and 
FPN1.

The normal gut microbiota is an important factor for 
intestinal health. The gut microbiota plays a key role in 
host nutrition and health.33 In several other studies, the 
authors suggested intestinal flora was usually in symbiotic 
equilibrium, but long-term excessive alcohol intake would 
lead to intestinal flora imbalance34-36 and would lead to an 

increased pathogenic bacterial load in the gut microbiota, 
which was consistent with our findings. The gut micro-
biota can respond quickly to altered diets and dietary 
metals.37,38 Previous studies have found that excessive 
iron supplementation disrupts the gut microbiota.39,40 The 
excessive intake of iron in the diet leads to the intense 
growth of pathogenic intestinal flora, and the propor-
tion of dominant intestinal strains is reduced. For most 
Gram-negative bacteria in the gut, iron acquisition plays 
an important role in virulence and colonization.41 High 
doses of ferrous sulfate changed the compositions of 
intestinal microbes,42 the number of probiotics, for exam-
ple Lactobacilli and Bifidobacteria, was decreased, and 
the number of some pathogenic enterobacteria, such as  
E. coli and Salmonella typhimurium, was increased.

By contrast, Lactobacillus is a major beneficial “barrier” 
bacteria, which can improve intestinal integrity and reduce 
the colonization of intestinal pathogens.43 One study 
showed that sheep dairy products containing L. casei 
ingredients can reduce chemically induced mouse colon 
carcinogenesis.44 L. casei is a probiotic strain known to be 
associated with antioxidant, antihypertensive, antihypo-
cholesterolemic, and anticarcinogenic properties.45,46 The 
mechanisms of action include the improvement of the 
serum antioxidant activity, increased concentration of 
bioactive peptides that have hypotensive action, regu-
lation of the immune system, improvement of disease 
status and inflammation, decrease in serum cholesterol, 
and anticytotoxic activity.45 Our results show that com-
pared with the control group, the amount of Lactobacillus 
of the model group was significantly decreased, while 
the amount of Bacteroides and E. coli was significantly 
increased. These data suggest that excess alcohol and 
iron alter the gut microbial composition. In addition, we 
also found there was a significant increase in the amount 
of Lactobacillus, while the amount of Bacteroides and  
E. coli decreased significantly after supplementation of  
L. casei. One of the main hypotheses to explain how 
excessive alcohol and iron can adversely affect the out-
comes is through modification of the microbiota. These 
results indicate that the L. casei supplementation can 
regulate intestinal flora disturbance in rats treated with 
alcohol and iron and positively affect the intestinal func-
tionality and bacterial load, which may be one of the 
mechanisms of its improving iron metabolism.

To sum up, our results demonstrate that L. casei can 
regulate intestinal and systemic iron homeostasis. These 
findings represent an important step toward a better 
understanding of the role of excessive alcohol and iron on 

Figure 4.  Effects of Lactobacillus casei on intestinal microbiota. 
Control, control group; model, model group; L. casei, L. casei group. 

*P < .05 versus control, #P < .05 versus model.
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the iron metabolism and gut microbiota and as a possible 
cause of dysbiosis leading to changes in health outcomes.

CONCLUSIONS
The rats treated with excessive alcohol and iron had the 
disorder of iron metabolism and intestinal flora imbalance. 
L. casei supplementation can improve iron metabolism 
and regulate intestinal flora disorders. The mechanism 
of improving iron metabolism may be related to the 
improvement of intestinal flora.

Ethics Committee Approval: The study was approved by the 
Institutional Animal Care and Use Committee of Qingdao University 
(Approval Number: SCXK 20140007).

Informed Consent: N/A.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept – L.X., L.H.; Design – L.X., L.H.; 
Supervision – L.H.; Resources – L.H.; Materials – L.X., L.H.; Data 
Collection and/or Processing – L.X.; Analysis and/or Interpretation – 
L.X., L.H.; Literature Search – L.X.; Writing Manuscript – L.X.; Critical 
Review – L.H.

Declaration of Interests: The authors have no conflict of interest to 
declare.

Funding: The authors declared that this study has received no finan-
cial support.

REFERENCES
1. Yan AW, Fouts DE, Brandl J, et al. Enteric dysbiosis associated with 
a mouse model of alcoholic liver disease. Hepatology. 2011;53(1):96-
105. [CrossRef]
2. Chen  Y, Yang  F, Lu  H,  et  al. Characterization of fecal microbial 
communities in patients with liver cirrhosis. Hepatology. 
2011;54(2):562-572. [CrossRef]
3. Canesso  MCC, Lacerda  NL, Ferreira  CM,  et  al. Comparing the 
effects of acute alcohol consumption in germ-free and conventional 
mice: the role of the gut microbiota. BMC Microbiol. 2014;14(1):240. 
[CrossRef]
4. Szabo G. Gut-liver axis in alcoholic liver disease. Gastroenterology. 
2015;148(1):30-36. [CrossRef]
5. Lakhal-Littleton  S, Wolna  M, Chung  YJ,  et  al. An essential cell-
autonomous role for hepcidin in cardiac iron homeostasis. Elife. 
2016;5. [CrossRef]
6. Lainé F, Ruivard M, Loustaud-Ratti V, et al. Metabolic and hepatic 
effects of bloodletting in dysmetabolic iron overload syndrome: a 
randomized controlled study in 274 patients. Hepatology. 
2017;65(2):465-474. [CrossRef]
7. Tsuchiya H, Ebata Y, Sakabe T, Hama S, Kogure K, Shiota G. High-
fat, high-fructose diet induces hepatic iron overload via a hepcidin-
independent mechanism prior to the onset of liver steatosis and 
insulin resistance in mice. Metabolism. 2013;62(1):62-69. [CrossRef]

8. Grochowski C, Blicharska E, Baj J. Serum iron, magnesium, copper, 
and manganese levels in alcoholism: a systematic review. Molecules. 
2019;24(7):1361. [CrossRef]
9. Corradini E, Pietrangelo A. Iron and steatohepatitis. J Gastroen-
terol Hepatol. 2012;27(suppl 2):42-46. [CrossRef]
10. Fang  S, Zhuo  Z, Yu  X, Wang  H, Feng  J. Oral administration of 
liquid iron preparation containing excess iron induces intestine and 
liver injury, impairs intestinal barrier function and alters the gut 
microbiota in rats. J Trace Elem Med Biol. 2018;47:12-20. [CrossRef]
11. Lönnerdal B. Excess iron intake as a factor in growth, infections, 
and development of infants and young children. Am J Clin Nutr. 
2017;106(suppl 6):1681S-1687S. [CrossRef]
12. Silva B, Faustino P. An overview of molecular basis of iron metab-
olism regulation and the associated pathologies. Biochim Biophys 
Acta. 2015;1852(7):1347-1359. [CrossRef]
13. Beard  J, Han  O. Systemic iron status. Biochim Biophys Acta. 
2009;1790(7):584-588. [CrossRef]
14. Das NK, Schwartz AJ, Barthel G, et al. Microbial metabolite sign-
aling is required for systemic iron homeostasis. Cell Metab. 
2020;31(1):115-130.e6. [CrossRef]
15. Tang Y, Li Y, Yu H, et al. Quercetin prevents ethanol-induced iron 
overload by regulating hepcidin through the BMP6/SMAD4 signaling 
pathway. J Nutr Biochem. 2014;25(6):675-682. [CrossRef]
16. Harrison-Findik DD. Is the iron regulatory hormone hepcidin a risk 
factor for alcoholic liver disease? World J Gastroenterol. 
2009;15(10):1186-1193. [CrossRef]
17. Harrison-Findik DD, Schafer D, Klein E, et al. Alcohol metabolism-
mediated oxidative stress down-regulates hepcidin transcription 
and leads to increased duodenal iron transporter expression. J Biol 
Chem. 2006;281(32):22974-22982. [CrossRef]
18. Vyoral  D, Jiri Petrak  P. Therapeutic potential of hepcidin - the 
master regulator of iron metabolism. Pharmacol Res. 2017;115:242-
254. [CrossRef]
19. Wallace DF. The regulation of iron absorption and homeostasis. 
Clin Biochem Rev. 2016;37(2):51-62.
20. Ioannou  GN, Dominitz  JA, Weiss  NS, Heagerty  PJ, Kowdley  KV. 
The effect of alcohol consumption on the prevalence of iron over-
load, iron deficiency, and iron deficiency anemia. Gastroenterology. 
2004;126(5):1293-1301. [CrossRef]
21. Duane P, Raja KB, Simpson RJ, Peters TJ. Intestinal iron absorp-
tion in chronic alcoholics. Alcohol Alcohol. 1992;27(5):539-544.
22. Angelucci E, Brittenham GM, McLaren CE, et al. Hepatic iron con-
centration and total body iron stores in thalassemia major. N Engl J 
Med. 2000;343(5):327-331. [CrossRef]
23. Milic S, Mikolasevic I, Orlic L, et al. The role of iron and iron over-
load in chronic liver disease. Med Sci Monit. 2016;22:2144-2151. 
[CrossRef]
24. Nam  H, Wang  CY, Zhang  L,  et  al. ZIP14 and DMT1 in the liver, 
pancreas, and heart are differentially regulated by iron deficiency 
and overload: implications for tissue iron uptake in iron-related dis-
orders. Haematologica. 2013;98(7):1049-1057. [CrossRef]
25. Gao  G, Li  J, Zhang  Y, Chang  YZ. Cellular iron metabolism and 
regulation. Adv Exp Med Biol. 2019;1173:21-32. [CrossRef]
26. Harrison-Findik DD, Klein E, Crist C, Evans J, Timchenko N, Gol-
lan  J. Iron-mediated regulation of liver hepcidin expression in rats 
and mice is abolished by alcohol. Hepatology. 2007;46(6):1979-
1985. [CrossRef]
27. Dostalikova-Cimburova M, Balusikova K, Kratka K, et al. Role of 
duodenal iron transporters and hepcidin in patients with alcoholic 
liver disease. J Cell Mol Med. 2014;18(9):1840-1850. [CrossRef]

https://doi.org/10.1002/hep.24018
https://doi.org/10.1002/hep.24423
https://doi.org/10.1186/s12866-014-0240-4
https://doi.org/10.1053/j.gastro.2014.10.042
https://doi.org/10.7554/eLife.19804
https://doi.org/10.1002/hep.28856
https://doi.org/10.1016/j.metabol.2012.06.008
https://doi.org/10.3390/molecules24071361
https://doi.org/10.1111/j.1440-1746.2011.07014.x
https://doi.org/10.1016/j.jtemb.2018.01.002
https://doi.org/10.3945/ajcn.117.156042
https://doi.org/10.1016/j.bbadis.2015.03.011
https://doi.org/10.1016/j.bbagen.2008.09.005
https://doi.org/10.1016/j.cmet.2019.10.005
https://doi.org/10.1016/j.jnutbio.2014.02.009
https://doi.org/10.3748/wjg.15.1186
https://doi.org/10.1074/jbc.M602098200
https://doi.org/10.1016/j.phrs.2016.11.010
https://doi.org/10.1053/j.gastro.2004.01.020
https://doi.org/10.1056/NEJM200008033430503
https://doi.org/10.12659/msm.896494
https://doi.org/10.3324/haematol.2012.072314
https://doi.org/10.1007/978-981-13-9589-5_2
https://doi.org/10.1002/hep.21895
https://doi.org/10.1111/jcmm.12310


Li  and Liang.  I ron Metabol ism and Intestinal  MicrofloraTurk J  Gastroenterol  2022;  33(6) :  470-476

476

28. Iron  NO. Microbiota and colorectal cancer. Wien Med Wochen-
schr (1946). 2016;166(13-14):431-436.
29. González  A, Gálvez  N, Martín  J, Reyes  F, Pérez-Victoria  I, 
Dominguez-Vera JM. Identification of the key excreted molecule by 
Lactobacillus fermentum related to host iron absorption. Food 
Chem. 2017;228:374-380. [CrossRef]
30. Deschemin JC, Noordine ML, Remot A, et al. The microbiota shifts 
the iron sensing of intestinal cells. FASEB J. 2016;30(1):252-261. 
[CrossRef]
31. Laparra JM, Olivares M, Sanz Y. Oral administration of Bifidobac-
terium longum CECT 7347 ameliorates gliadin-induced alterations in 
liver iron mobilisation. Br J Nutr. 2013;110(10):1828-1836. [CrossRef]
32. Hoppe M, Önning G, Hulthén L. Freeze-dried Lactobacillus plan-
tarum 299v increases iron absorption in young females-Double iso-
tope sequential single-blind studies in menstruating women. PLoS 
One. 2017;12(12):e0189141. [CrossRef]
33. Flint HJ, Duncan SH, Scott KP, Louis P. Interactions and competi-
tion within the microbial community of the human colon: links 
between diet and health. Environ Microbiol. 2007;9(5):1101-1111. 
[CrossRef]
34. Shen TD, Pyrsopoulos N, Rustgi VK. Microbiota and the liver. Liver 
Transpl. 2018;24(4):539-550. [CrossRef]
35. Frosali S, Pagliari D, Gambassi G, Landolfi R, Pandolfi F, Cianci R. 
How the intricate interaction among toll-like receptors, microbiota, 
and intestinal immunity can influence gastrointestinal pathology.  
J Immunol Res. 2015;2015:489821. [CrossRef]
36. Chen  P, Torralba  M, Tan  J,  et  al. Supplementation of saturated 
long-chain fatty acids maintains intestinal eubiosis and reduces  
ethanol-induced liver injury in mice. Gastroenterology. 2015;148(1): 
203-214.e16. [CrossRef]
37. David LA, Maurice CF, Carmody RN, et al. Diet rapidly and repro-
ducibly alters the human gut microbiome. Nature. 
2014;505(7484):559-563. [CrossRef]

38. Zackular  JP, Moore  JL, Jordan  AT,  et  al. Dietary zinc alters the 
microbiota and decreases resistance to clostridium difficile infec-
tion. Nat Med. 2016;22(11):1330-1334. [CrossRef]
39. Lee  SH, Shinde  P, Choi  J,  et  al. Effects of dietary iron levels  
on growth performance, hematological status, liver mineral  
concentration, fecal microflora, and diarrhea incidence in wean-
ling pigs. Biol Trace Elem Res. 2008;126(suppl 1):S57-S68. 
[CrossRef]
40. Guo X, Liu S, Wang Z, Zhang XX, Li M, Wu B. Metagenomic profiles 
and antibiotic resistance genes in gut microbiota of mice exposed 
to arsenic and iron. Chemosphere. 2014;112:1-8. [CrossRef]
41. Naikare H, Palyada K, Panciera R, Marlow D, Stintzi A. Major role 
for FeoB in Campylobacter jejuni ferrous iron acquisition, gut colo-
nization, and intracellular survival. Infect Immun. 2006;74(10):5433-
5444. [CrossRef]
42. Lin F, Wu H, Zeng M, Yu G, Dong S, Yang H. Probiotic/prebiotic 
correction for adverse effects of iron fortification on intestinal resist-
ance to Salmonella infection in weaning mice. Food Funct. 
2018;9(2):1070-1078. [CrossRef]
43. Anderson RC, Cookson AL, McNabb WC, Kelly WJ, Roy NC. Lac-
tobacillus plantarum DSM 2648 is a potential probiotic that 
enhances intestinal barrier function. FEMS Microbiol Lett. 
2010;309(2):184-192. [CrossRef]
44. Balthazar CF, de Moura NA, Romualdo GR, et al. Synbiotic sheep 
milk ice cream reduces chemically induced mouse colon carcinogen-
esis. J Dairy Sci. 2021;104(7):7406-7414. [CrossRef]
45. Grom LC, Rocha RS, Balthazar CF, et al. Postprandial glycemia 
in healthy subjects: which probiotic dairy food is more adequate?  
J Dairy Sci. 2020;103(2):1110-1119. [CrossRef]
46. Ozcan  T, Ozdemir  T, Avci  HR. Survival of Lactobacillus casei 
and functional characteristics of reduced sugar red beetroot 
yoghurt with natural sugar substitutes. Int J Dairy Technol. 
2020;74(1):148-160.

https://doi.org/10.1016/j.foodchem.2017.02.008
https://doi.org/10.1096/fj.15-276840
https://doi.org/10.1017/S0007114513001098
https://doi.org/10.1371/journal.pone.0189141
https://doi.org/10.1111/j.1462-2920.2007.01281.x
https://doi.org/10.1002/lt.25008
https://doi.org/10.1155/2015/489821
https://doi.org/10.1053/j.gastro.2014.09.014
https://doi.org/10.1038/nature12820
https://doi.org/10.1038/nm.4174
https://doi.org/10.1007/s12011-008-8209-5
https://doi.org/10.1016/j.chemosphere.2014.03.068
https://doi.org/10.1128/IAI.00052-06
https://doi.org/10.1039/c7fo00990a
https://doi.org/10.1111/j.1574-6968.2010.02038.x
https://doi.org/10.3168/jds.2020-19979
https://doi.org/10.3168/jds.2019-17401

