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ABSTRACT

Introduction: Long-term fasting (>24 hours) can result in mucosal atrophy, reduced number of goblet cells (GCs) and 
Peyer’s patches (PPs), and changes in the gut microbiota. This study aimed to determine whether there is a difference 
in the morphology of intestinal mucosa between mice treated with Dawood fasting and those fed an ad libitum (AL) 
diet.  Methods: An experimental study used ten mice (BALB/c) divided into two groups. One group was given food 
and drink AL (the AL group). The treatment group (the F group) fasted intermittently in 14-hour (5 p.m. to 7 a.m.) 
every other day. The study was conducted for 56 days. The faeces from the intestine were diluted 100-fold and cul-
tured for microbiota colony counts. Haematoxylin and eosin staining was performed to observe the villus length (VL) 
and the area of PPs, and periodic acid-Schiff staining was used to examine the number of GCs.  Results: There were 
no significant differences in the VL, GCs, PPs and the number of microbiota between the F group and the AL group 
with the respective p = 0.26 (369.54 ± 48.41 vs 307.16 ± 61.16) μm, p = 0.33 (10.42 ± 1.27 vs 9.15 ± 2.44), p = 
0.8 (0.164 ± 0.069 vs 0.159 ± 0.089) mm2, and p = 0.64 (1.85 ± 0.97 vs 2.22 ± 1.43) CFU/ml. Conclusion: Dawood 
fasting has no effect on the histopathological condition of the intestinal mucosa, including the VL, GCs count, area 
of PPs and the number of microbiota in mice.
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INTRODUCTION

The presence or absence of food intake within a certain 
period can influence the structure of intestinal mucosa. 
This condition can affect the intestine’s physiological 
function, leading to absorption disorders and other 
gastrointestinal symptoms (1). The fasting performed by 
Muslims remains a matter of concern for some individuals 
(2). In Islam, fasting means abstinence from eating and 
drinking (and other activities that invalidate it) from dawn 
to dusk for no more than 24 hours, or between 12 and 
20 hours depending on the region, preceded by a pre-
dawn meal and ending with breaking the fast. Fasting 
is observed every day during the month of Ramadan 
(Ramadan fasting) or every other day (Dawood fasting) 
in the other months (3). The concern is that fasting 
can lead to such gastrointestinal symptoms as nausea, 
vomiting, diarrhoea and constipation (4–6). Fasting can 
also aggravate acute inflammatory bowel disease (IBD), 

making the practice inadvisable in individuals with such 
conditions (7). However, a study showed that fasting in 
IBD patients at the remission stage will not have a severe 
adverse effect (8). Fasting can reduce seven out of ten 
IBS symptoms, including abdominal pain, abdominal 
distension, diarrhoea, anorexia, nausea, anxiety and 
increase overall quality of life (9).

The understanding of gastrointestinal disorders is 
associated with previous studies’ findings that indicate 
intestinal mucosal atrophy in fasting experimental 
animals. Wistar rats that fast for 24, 48, 60 and 72 hours 
suffer from jejunal mucosal atrophy, reduced proliferation 
and enhanced apoptosis of epithelial cells (10). Long-
term fasting (>24 hours) can reduce the number of goblet 
cells (GCs) and mucus production, thereby facilitating 
bacterial adhesion on the surface of epithelial cells and 
increasing intestinal permeability. Such a condition will 
increase the likelihood of colitis, IBD, cystic fibrosis and 
mucinous adenocarcinoma (11). Fasting for 36 hours 
changes the mucosal immune system with the reduction 
in size of and number of cells in Peyer’s patches (PPs), 
fewer intraepithelial lymphocytes and less lamina 
propria (12) due to apoptosis. Mice fasting for 36 hours 
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show decreased bacteria (Lactobacillus murinus) in the 
small intestine and colon (13). In a study by Sonoyama 
et al. (2009), Syrian hamsters in which hibernation/
fasting was induced for two weeks had a lower number 
of Clostridia (anaerobic intestinal bacteria) (14). 

Research related to gastrointestinal tract morphology in 
fasting less than 24 hours is still rare. Rats that fasted 
for 24 hours showed a decrease in villous height, 
crypt depth, lymphocyte number, epithelia and lamina 
propria but not in PPs (12). However, there are studies 
related to the microbiota in intermittent fasting, and 
a systematic review shows that Ramadan fasting and 
other intermittent fasting can affect the composition of 
the gut microbiome, namely, by increasing the amount 
of Lactobacilli and Bifidobacteria and increasing the 
production of short-chain fatty acids. In addition, 
intermittent fasting decreases inflammation and 
improves health parameters (15, 16).

Meanwhile, the fasting observed by Muslims lasts 
only 12 to 22 hours, and there is a refeeding process 
before the next fasting day. Therefore, this study is the 
first to describe the effects of 14-hour, every-other-day 
intermittent fasting on the morphology of intestinal villi, 
duodenal GCs, PPs and the number of microbiota in the 
intestines of mice.
 
MATERIALS AND METHODS

Mice
Healthy and active male BALB/c mice, weighing 15 to 
30 grams each and aged 9–10 weeks, were obtained 
from the Experimental Animal Laboratory of the Faculty 
of Medicine, Universitas Islam Indonesia. Ten mice 
were randomised and divided into two groups. After 
a one-week adaptation, the control group was fed an 
ad libitum (AL) diet of AIN-93 (a standard rodent diet 
that is 14% casein; 62% corn starch; 10% sucrose; 
4% corn oil; 5% fibre; 3.5% mineral mix; 1% vitamin 
mix; and 0.25% choline bitartrate) (17). (This was the 
AL group.) In contrast, the fasting group (the F group) 
was restricted to eating and drinking for 14 hours (from 
5 p.m. to 7 a.m.) on the first day and given standard 
AIN-93 AL on the second day, alternating this pattern for 
56 days (to mimic Dawood fasting). During the study, 
the mice were kept in individual standard cages with 
a 12-hour light–dark cycle and a temperature of 23oC. 
The maintenance followed the animal welfare standards 
in the Experimental Animal Laboratory of Universitas 
Islam Indonesia and has been reviewed by the Ethics 
Committee of the Faculty of Medicine UII with the 
Approval Letter No. 48/Ka/Kom.Et/70/KE/IV/2018.

Organ Sampling and Embedding
On day 56, the mice were anaesthetised using ketamine, 
and abdominal surgery was performed. Two duodena 
were cut from below the pylorus of the stomach. Four 
slices (each measuring 1.5 cm) of the middle part of 

each jejunum and ileum were taken. Fixation using 10% 
formalin PBS, dehydration and clearing were conducted 
with serial alcohol and xylol, and paraffin was used for 
tissue embedding. The paraffin block was then sliced as 
thick as four μm. 

Histological Analysis 
The slices of jejunum and ileum were embedded in 
paraffin blocks and stained with haematoxylin and 
eosin. From all fields of view, the length of the intestinal 
villi (VL) and the area of PPs were measured based 
on a previous study (18) using Image J software. The 
mean area of PP was the total area of PP in each mouse 
divided by the number of PPs found. Two slices of 
the duodenum were stained with periodic acid-Schiff 
staining (19). Twenty duodenal villi in each field of view 
were counted from the cryptic base to the apical (20). 

Microbiota Count 
The ileum was aseptically massaged until the stool 
came out to be weighed. The stool was diluted 100- and 
1,000-fold, and each dilution result was cultured on 
agar. The microbiota was quantified using the colony 
counter software after completing the incubation period 
at 37oC for 48 hours. Aerobic microbiota count is the 
number of colonies per plate quantified, between 30 
and 300 colony-forming units (CFU). Large, small and 
spreading colonies were considered one unit of CFU/ml, 
and the quantification scale was numeric. The results 
were inserted into the following analytical formula: total 
plate count in a unit of CFU/ml = colonies of growing 
bacteria x amount (ml) x percent dilution (21). 

Statistical Analysis
The VL, GC count, area of PPs and microbiota count 
data were displayed as mean plus standard deviation. To 
increase the validity of the data obtained, the researchers 
blinded all samples during measurement, thus leaving 
the researchers uninformed about the treatment and 
control groups. The differences between the two groups 
were analytically tested using the independent t-test (for 
parametric data) and the Mann–Whitney test (for non-
parametric data), with a confidence level of 95% (p 
<0.05).

RESULTS

Before treatment, mice were adapted for one week and 
given food and drink AL. After one week, the mice’s 
body weight increased, indicating that experimental 
animals could adapt well. After the adaptation, all mice 
were randomised into two groups, the F group and the 
AL group. During the treatment, all mice in both groups 
appeared healthy and their body weight had increased. 
The observation of the mean VL in the jejunal mucosa of 
the F group (369.5338 ± 48.412 μm) indicated a slightly 
longer size but not much different (p = 0.26) from the AL 
group (307.1612 ± 61.160 μm) (Figure 1). 
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Figure 1: (A) Observation of the villus length of jejunal mucosa in 100x magnification (haematoxylin and eosin staining) between 
the Dawood fasting group (A1) and the ad libitum diet group (A2). (B) Mean villus length.

The microscope observations showed that GCs spread 
from the base to the apex of the duodenal surface and 
appeared red. The mean number of GCs in the F group 
(10.42 ± 1.27) was slightly higher compared to the 
AL group (9.15 ± 2.44), but there was no significant 
difference (p = 0.33) (Figure 2). The mean area of PPs of 
the F group (0.164 ± 0.069 mm2) was wider than that of 
the AL group (0.159 ± 0.089 mm2) but not significantly 
different (p = 0.8) (Figure 3). Meanwhile, the number of 
microbiota in the F group (1.85 ± 0.97 CFU/ml) was less 
than that of the AL group (2.22 ± 1.43 CFU/ml), but the 
independent t-test showed no significant differences (p 

= 0.64) (Figure 4).

DISCUSSION

This study showed that the Dawood fasting did 
not change the VL, GC count or the number of 
gastrointestinal PPs. Dawood fasting differs from long-
term fasting, which can cause intestinal mucosal 
atrophy, as it does not last for more than 24 hours and 
is followed by refeeding before the next fast. Previous 
research on healthy mice intermittently fasted for 24 
hours also showed no difference in VL. However, in 

Figure 2: (A) Histological condition of duodenum with periodic acid-Schiff staining in which the goblet cells appear red between 
the Dawood fasting group (A1) and the ad libitum diet group (A2).  (B) The results of the mean goblet cell count between the 
mice with Dawood fasting (56 days) and those with the ad libitum diet.

Figure 3: (A) Histological condition of Peyer’s patches (haematoxylin and eosin staining) between mice with Dawood fasting 
(A1) and those with ad libitum diet (A2). (B) The results of the mean area of Peyer’s patches and the statistical test show 
insignificant differences.
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protect the intestinal epithelial cells. Previous research 
has shown diabetic mice have fewer GCs than non-
diabetic mice, but the number increases after being 
treated with 24-hour intermittent fasting. Peptidoglycan 
or bacterial product in plasma is decreased in mice with 
intermittent fasting, and it can prevent increased gut 
permeability and intestinal barrier dysfunction (22). 

The area of PPs in the F group was not different from 
that of the AL group. It follows a previous study which 
found that the number of lymphocytes among short-term 
fasting mice (24 hours) does not differ from those eating 
AL (12). Although a 36-hour fast can reduce the size of 
PPs and their cell count, both increase after refeeding 
in 48 hours (32). In this study, the area of PPs tended 
to be broader (insignificant), indicating that the body 
defence could be expected to remain available despite 
the fast. Our previous study showed that the lymphoid 
tissues in the spleen of rats treated with Dawood fasting 
are broader than those in the groups with an AL, high-
carbohydrate and high-fat diet (33).

Although the mean bacterial colony count in the F 
group was less than that of the AL group, the value 
was statistically insignificant because the fast was 
observed in less than 24 hours. Fasting can lead to 
an energy crisis in microorganisms due to reduced 
nutrient availability. Many animals reduce the size of 
their intestine during fasting, thus resulting in a crisis of 
habitat for microbiota (34). Long-term fasting (five days) 
can reduce bacterial load of Drosophila melanogaster 
in the gut (28). The number of bacterial colonies in 
the faeces of rats with intermittent fasting (24 hours) 
infected by Salmonella typhimurium is lower than in the 
control group. At the same time, the total intestinal IgA 
is higher than that of the AL diet group (35–37). Similar 
to previous research, microbiota richness was not 
changed in intermittent fasting, but bacterial diversity 
improved in fasting animals (22, 34). Unfortunately, 
this study did not observe bacterial diversity. In the 24-
hour intermittent fasting, the number of good bacteria, 
including Lactobacillus, increases (22, 37). Such good 
bacteria also increase significantly in number after the 

diabetic mice, the villi were significantly longer than in 
the AL diet mice (22). Dawood fasting can inhibit cell 
death due to the increased formation of antioxidants, 
including superoxide dismutase, glutathione peroxidase 
and catalase (23). The antioxidants formed during fasting 
for fewer than 24 hours can prepare the body to cope 
with oxidative stress during the refeeding phase. Fasting 
followed by refeeding prevents an increase in the CELF1/
Myc-mRNA complex that inhibits the synthesis of the 
Myc protein, thereby preventing the atrophy (24). 

Although this study showed no structural differences in 
the intestine, previous studies have found that fasting 
can activate the CREB and CRTC proteins, which 
will increase energy homeostasis by stimulating the 
expression of short neuropeptide F (sNPF) through 
intestinal enterocytes’ sNPF receptors and preventing 
the tight junction’s disintegration. Accordingly, fasting 
could maintain the intestinal epithelium’s integrity (25). 
The refeeding maintains the homeostasis state of the 
intestinal epithelium (26) and ensures that the number 
of dormant intestinal stem cells returns to the pre-fasting 
baseline (27). Although in this study, the VL in the F 
group was more than that of the AL group (insignificant), 
previous studies show that intermittent fasting can reduce 
the incidence of mis-differentiation and hyperplasia in 
the intestine. In addition, it improves the function of 
the gut barrier to inhibit infection or absorption of toxic 
compounds (28). Alternate-day fasting, such as Dawood 
fasting (24 hours), can even inhibit the growth of colon 
cancer in mice (29).

The number of GCs in the F group was higher (but 
insignificant) than that of the AL group. Although the tight 
junction between epithelial cells becomes the barrier 
that protects the intestinal mucosa, the mucins produced 
by GCs can physically limit the epithelial cells to the 
luminal environment of the intestine, thereby producing 
a protective layer along the mucosa to limit bacteria and 
maintain intestinal permeability (30). Moreover, GCs 
can obtain antigens, presenting them to the antigen-
presenting cell and inducing specific immune responses 
(31). The results of this study indicated that despite the 
fasting state, the number of GCs remained sufficient to 

Figure 4: (A) Microbial colony of the ileum on agar plates after incubation at 37oC for 48 hours in mice with Dawood fasting 
(A1) and ad libitum diet (A2). (B) Calculation of the mean microbiota count (CFU/ml).
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treatment of 8-week calorie restriction compared to the 
AL diet treatment (38). Lactobacillus is a good bacteria 
that greatly assists the digestion of food, especially 
vitamins, stimulates the immune system and inhibits 
the growth of harmful bacteria (39–40). The limitation 
of this study was that there was no examination of the 
types of intestinal microflora, mainly whether there were 
more Bacteroidetes than Firmicutes or whether there 
was an increase in the number of good bacteria, such as 
Lactobacillus. In addition, this study does not describe 
the overall gastrointestinal morphology, and the number 
of subjects was inadequate.

CONCLUSION

Dawood fasting did not change the histopathological 
condition of intestinal villi (VL, GC count, area of 
PPs and number of microbial colonies) in BALB/c 
mice. Therefore, people with no serious illnesses who 
participate in Dawood fasting need not be concerned 
about changes in the gastrointestinal tract.

ACKNOWLEDGEMENTS

We would like to thank the Unit of Research and 
Community Services of Medical Faculty of Universitas 
Islam Indonesia for funding this research. The authors 
are grateful to Afifudin and Ernadita for their help to 
conduct this study. 

REFERENCES
 
1.	 Shaw D, Gohil K, Basson MD, Shaw D, Gohil 

K, Basson MD. Intestinal mucosal atrophy 
and adaptation. World J Gastroenterol. 
2012;18(44):6357–75. doi: 10.3748/wjg.v18.
i44.6357.

2. 	 Boschmann M, Michalsen A. Fasting therapy 
- old and new perspectives. Forschende 
Komplementärmedizin / Res Complement Med. 
2013;20(6):410–1. doi: 10.1159/000357828.

3. 	 Azizi F. Islamic fasting and health. Ann Nutr Metab. 
2010;56(4):273–82. doi: 10.1159/000295848.

4. 	 Darvish MS. Relative frequency of minor digestive 
symptoms in healthy fasting Muslims and their 
relation to dietary pattern. Med J Mashhad Univ 
Med Sci. 2002;45(75):59–66. 

5. 	 Pakkir Maideen NM, Jumale Aََََ, Balasubramaniam 
R. Adverse health effects associated with 
Islamic fasting - A literature review. J Fasting 
Heal. 2017;5(3):113–8.  doi: 10.22038/
JFH.2017.25419.1095

6. 	 Keshteli AH, Sadeghpour S, Feizi A, Boyce P, 
Adibi P. Evaluation of self-perceived changes in 
gastrointestinal symptoms during ramadan fasting. 
J Relig Health. 2017;56(5):1620–7. doi: 10.1007/
s10943-015-0160-0

7. 	 Firmansyah MA. Pengaruh puasa ramadhan 
pada beberapa kondisi kesehatan. Cermin Dunia 

Kedokt. 2015;42(7):510–5. 
8. 	 Tavakkoli H, Haghdani S, Emami MH, Adilipour 

H, Tavakkoli M, Tavakkoli M. Ramadan fasting 
and inflammatory bowel disease methods. Indian 
J Gastroenterol. 2008;127(6):239–41. 

9. 	 Kanazawa M, Fukudo S. Effects of fasting therapy 
on irritable bowel syndrome motoyori kanazawa 
and shin fukudo. Int J Behav Med. 2006;13(3):214–
20. doi: 10.1207/s15327558ijbm1303_4.

10. 	 Ito J, Uchida H, Yokote T, Ohtake K, Kobayashi 
J. Fasting-induced intestinal apoptosis is mediated 
by inducible nitric oxide synthase and interferon-
{gamma} in rat. Am J Physiol Gastrointest Liver 
Physiol. 2010;298(6):G916-G926. doi:10.1152/
ajpgi.00429.2009 

11. 	 Kim YS, Ho SB. Intestinal goblet cells and mucins 
in health and disease: Recent insights and progress. 
Curr Gastroenterol Rep. 2010;12(5):319–30. doi: 
10.1007/s11894-010-0131-2.

12. 	 Higashizono K, Fukatsu K, Watkins A, Watanabe 
T, Noguchi M, Tominaga E, et al. Effects of 
short-term fasting on gut-associated lymphoid 
tissue and intestinal morphology in mice. Clin 
Nutr Exp. 2018;(2017):1–9.  doi: 10.1016/j.
yclnex.2017.12.002

13. 	 Okada T, Fukuda S, Hase K, Nishiumi S, Izumi 
Y, Yoshida M, et al. Microbiota-derived lactate 
accelerates colon epithelial cell turnover 
in starvation-refed mice. Nat Commun. 
2013;4(1):1654. doi: 10.1038/ncomms2668.

14. 	 Sonoyama K, Fujiwara R, Takemura N, Ogasawara 
T, Watanabe J, Ito H, et al. Response of gut microbiota 
to fasting and hibernation in Syrian hamsters. Appl 
Environ Microbiol. 2009;75(20):6451–6. doi: 
10.1128/AEM.00692-09.

15. 	 Angoorani P, Ejtahed HS, Hasani-Ranjbar S, 
Siadat SD, Soroush AR, Larijani B. Gut microbiota 
modulation as a possible mediating mechanism 
for fasting-induced alleviation of metabolic 
complications: a systematic review. Nutr Metab. 
2021;18(1):105. doi: 10.1186/s12986-021-00635-
3.

16.  Mousavi SN, Rayyani E, Heshmati J, Tavasolian R, 
Rahimlou M. Effects of Ramadan and non-Ramadan 
intermittent fasting on gut microbiome. Front Nutr. 
2022;9:860575. doi: 10.3389/fnut.2022.860575.

17.   	Reeves PG, Nielsen FH, Fahey GC. AIN-93 
Purified Diets for laboratory rodents: final report of 
the American institute of nutrition ad hoc writing 
committee on the reformulation of the AIN-76A 
rodent diet. J Nutr. 1993;123(11):1939–51. doi: 
10.1093/jn/123.11.1939.

18. 	 Gava M, Lb M, Gz C, Lcb F, Hls M, Ctp S, et al. 
Determining the Best Sectioning Method and 
Intestinal Segment for Morphometric Analysis in 
Broilers Brazilian J Poult Sci. 2015;17(2):145–50. 
doi: 10.1590/1516-635x1702145-150

19. 	 Balqis U, Tiuria R, Priosoeryanto BP. Goblet cells 
proliferation of duodenum, jejunum, and ileum of 



Mal J Med Health Sci 19(6): 4-9, Nov 20239

Malaysian Journal of Medicine and Health Sciences (eISSN 2636-9346)

laying hens immunized with protein of excretory-
secre. J Kedokt Hewan. 2007;1(2):70–5. doi: 
10.21157/j.ked.hewan.v1i2.3129

20. 	 Bergstrom KSB, Guttman JA, Rumi M, Ma C, 
Bouzari S, Khan MA, et al. Modulation of Intestinal 
goblet cell function during infection by an attaching 
and effacing bacterial pathogen. Infect Immun. 
2008;76(2):796–811. doi: 10.1128/IAI.00093-07

21. 	 Cappucino J, Sherman N. Microbiology a 
Laboratory Manual. 9th ed. San Francisco: 
Benjamin Cummings; 2011. 

22. 	 Beli E, Yan Y, Moldovan L, Vieira CP, Gao R, 
Duan Y, et al. Restructuring of the gut microbiome 
by intermittent fasting prevents retinopathy 
and prolongs survival in db/db mice. Diabetes. 
2018;67(9):1867–79. doi: 10.2337/db18-0158.

23.  	Mulyaningrum U, Muttaqina AF, Idninda AN, 
Pulungan N, Agustiningtyas I, Fidianingsih 
I. Effect of Dawood Fasting on the increased 
level of antioxidant enzymes. Open Access 
Maced J Med Sci. 2021;9(A):1–6. doi: 10.3889/
oamjms.2021.4175

24.     Liu L, Ouyang M, Rao JN, Zou T, Xiao L, Kyoung H, 
et al. Competition between RNA-binding proteins 
CELF1 and HuR modulates MYC translation and 
intestinal epithelium renewal. Mol Biol Cell. 
2015;26:1797–810. doi: 10.1091/mbc.E14-11-
1500

25. 	 Shen R, Wang B, Giribaldi MG, Ayres J, Thomas JB, 
Montminy M. Neuronal energy-sensing pathway 
promotes energy balance by modulating disease 
tolerance. Proc Natl Acad Sci. 2016;113(23):E3307–
14. doi: 10.1073/pnas.1606106113.

26. 	 Sailaja BS, He XC, Li L. Stem Cells Matter in 
Response to Fasting. Cell Rep . 2015;13(11):2325–
6. doi: 10.1016/j.celrep.2015.12.008.

27. 	 Richmond CA, Shah MS, Deary LT, et al. Dormant 
Intestinal Stem Cells Are Regulated by PTEN and 
Nutritional Status. Cell Rep. 2015;13(11):2403-
2411. doi:10.1016/j.celrep.2015.11.035 

28. 	 Catterson JH, Khericha M, Dyson MC, Vincent 
AJ, Callard R, Haveron SM, et al. Short-Term, 
Intermittent fasting induces long-lasting gut health 
and tor-independent lifespan extension. Curr 
Biol. 2018;28(11):1714–1724.e4. doi: 10.1016/j.
cub.2018.04.015

29. 	 Sun P, Wang H, He Z, Chen X, Wu Q. Fasting 
inhibits colorectal cancer growth by reducing M2 
polarization of tumor-associated macrophages. 
Oncotarget. 2017;8(43):74649–60. doi: 10.18632/
oncotarget.20301.

30. 	 Tang X, Liu H, Yang S, Li Z, Zhong J, Fang R. 
Epidermal growth factor and intestinal barrier 
function. Mediators Inflamm. 2016;2016:1–9. doi: 
10.1155/2016/1927348

31.  Yang S, Yu M. Role of Goblet Cells in intestinal 
barrier and mucosal immunity. J Inflamm Res. 
2021;14:3171–3183. doi: 10.2147/JIR.S318327

32. 	 Nagai M, Noguchi R, Takahashi D, Morikawa T, 
Koshida K, Komiyama S. Fasting-refeeding impacts 
immune cell dynamics and mucosal immune 
responses article fasting-refeeding impacts immune 
cell dynamics and mucosal immune responses. 
Cell. 2019;178:1072–87. doi: 10.1016/j.
cell.2019.07.047.

33. 	 Fidianingsih I, Nurmasitoh T, Ashari AD, Yana D, 
Ahsani DN. Structural changes to immune organs 
in rats after intermittent fasting following a high 
carb and fat diet. J Pharm Nutr Sci. 2018;8(1):6–12. 
doi: 10.6000/1927-5951.2018.08.01.2 

34. 	 Kohl KD, Amaya J, Passement CA, Dearing MD, 
Mccue MD. Unique and shared responses of the 
gut microbiota to prolonged fasting: A comparative 
study across five classes of vertebrate hosts. 
FEMS Microbiol Ecol. 2014;90(3):883–94. doi: 
10.1111/1574-6941.12442.

35. 	 Godínez-Victoria M, Campos-Rodriguez R, Rivera-
Aguilar V, Lara-Padilla E, Pacheco-Yepez J, Jarillo-
Luna RA, et al. Intermittent fasting promotes 
bacterial clearance and intestinal IgA production 
in Salmonella typhimurium -infected mice. Scand 
J Immunol. 2014;79(5):315–24. doi: 10.1111/
sji.12163.

36. 	 Campos-Rodríguez R, Godínez-Victoria M, 
Reyna-Garfias H, Arciniega-Martínez IM, 
Reséndiz-Albor AA, Abarca-Rojano E, et al. 
Intermittent fasting favored the resolution of 
Salmonella typhimurium infection in middle-aged 
BALB/c mice. Age (Omaha). 2016 [cited 2019 Nov 
10];38(1).  doi: 10.1007/s11357-016-9876-3.

37. 	 Cignarella F, Cantoni C, Ghezzi L, Salter A, 
Dorsett Y, Chen L, et al. Intermittent fasting confers 
protection in cns autoimmunity by altering the gut 
microbiota. Cell Metab. 2018;27(6):1222–1235.
e6. doi: 10.1016/j.cmet.2018.05.006.

38. 	 Fraumene C, Manghina V, Cadoni E, Marongiu 
F, Abbondio M, Serra M, et al. Caloric 
restriction promotes rapid expansion and long-
lasting increase of Lactobacillus in the rat fecal 
microbiota. Gut Microbes. 2018;9(2):104–14. doi: 
10.1080/19490976.2017.1371894.

39. 	 George Kerry R, Patra JK, Gouda S, Park Y, Shin H-S, 
Das G. Benefaction of probiotics for human health: 
A review. J Food Drug Anal. 2018;26(3):927–39. 
doi: 10.1016/j.jfda.2018.01.002. 

40. 	 Maldonado Galdeano C, Cazorla SI, Lemme 
Dumit JM, Vélez E, Perdigón G. Beneficial effects 
of probiotic consumption on the immune system. 
Ann Nutr Metab. 2019;74(2):115–24.  doi: 
10.1159/000496426.

	


