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The present study was carried out to assess the effect of Fermented wheat Hamoum (FWH) on Bacterial 
Translocation in malnourished rats. Twenty-eight male Wistar rats weigthing 60 - 70 g and aged four 
weeks were used.  Animals in Ct+ Group (malnourished group) were fed with protein malnutrition diet for 
25 days; Group Ct- (negative control group) were fed with standard diet for 25 days. The remaining 
groups first received the protein malnutrition diet for 25 days before being fed for 25 days with different 
diets: diet supplemented with FWH (FWH Group) or standard diet (Std Group). Our results showed a 
high bacterial translocation rate in the Mesenteric Lymph Nodes (MLN), liver and spleen and 
morphological alterations in mucosal layers of the terminal ileum, in Ct+ group. In Ct - group there was 
no bacteria translocation in MLN, liver and spleen and there was a normal morphological appearance of 
the villus epithelium. In Std group, bacterial translocation was highly decreased in MLN and spleen, and 
not detected in liver. In FWH group, bacterial translocation was highly decreased in MLN and not 
detected in liver and spleen. Histological analysis showed that villous height and an intraepithelial 
lymphocytes (IELs) number were significantly decreased in the malnourished group. Conversely, in the 
FWH and Std group length of villi and IELs number were increased although the magnitude of the 
increase is lower in Std group than FWH Group. 
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INTRODUCTION 

Bacterial translocation (BT) is defined as the 
passage of viable bacteria from the 
gastrointestinal tract to extra intestinal sites, such 
as the mesenteric lymph nodes, liver, spleen, 
kidney, and bloodstream (Berg and Garlington, 
1979; Berg, 1999, Llamas et al., 2010; Wiest et 
al., 2014; Sarac et al., 2015). Malnutrition, 
intestinal obstruction, hemorrhagic shock, burns, 
cirrhosis, jaundice, acute pancreatitis, prolonged 
use of antibiotics, total parenteral nutrition and 

magnitude of the operation can all lead to BT 
(Gurbuz et al.,1998; Ogataet al., 2002; Wiest and 
Rath, 2003; Quirino et al.,2007).   
Malnutrition, which encompasses under and over 
nutrition, is responsible for an enormous morbidity 
and mortality burden globally. Malnutrition results 
from disordered nutrient assimilation but is also 
characterized by recurrent infections and chronic 
inflammation, implying an underlying immune 
defect (Herzog and Cunningham-Rundles, 2015; 
Bourke et al., 2016). 
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The gut is the primary interface between diet and 
the immune system (Herzog and Cunningham-
Rundles, 2015; Bourke et al., 2016). Healthy gut 
function requires a large surface area for nutrient 
absorption, made possible by the complex villous 
architecture of the intestinal epithelium, and an 
intact intestinal barrier to prevent pathogen 
translocation into extra intestinal tissues. Both are 
markedly impaired in malnourished individuals 
(Prendergast and  Kelly, 2012; Guerrant  et al., 
2013;  Kelly, et al., 2015; Bourke et al.,2016;).  

Current nutritional interventions do not fully 
reverse morbidity in under nutrition (Bhutta et al., 
2008; Bourke et al., 2016), but immune function is 
transiently improved following therapeutic feeding 
both in humans (Hughes et al., 2009; Kong et al, 
2014; .O’Keefe et al., 2015; Bourke et al., 2016) 
and animals (Iyer et al., 2012; Spencer ,2014 ; 
Hoang et al., 2015; Bourke, et al., 2016). The 
roles of defined dietary nutrients in immune 
priming and gut function (Gordon et al., 2012; 
Veldhoen and Ferreira 2015), support 
development of therapeutic foods to promote 
immune recovery in malnutrition. 

Traditional fermented foods contribute about 
one third of food in the world (Humblot et al., 
2010). Fermented foods became an important 
part of the diet in many cultures, and over time 
fermentation has been associated with many 
health benefits. Because of this, the fermentation  
process and the resulting fermented products 
have recently attracted scientific interest (Şanlier 
et al., 2017).The actors contributing to the 
fermentation are diverse, and include yeasts, 
fungi and especially lactic acid bacteria. The lactic 
fermentation is considered one of the oldest 
methods which are economical for food 
conservation (Nout MJR, 2009). Many studies 
have selected nutritional and technological 
interest strains (Songre-Ouattara et al., 2008). 
Although only a limited number of clinical studies 
on fermented foods have been performed, there is 
evidence that these foods provide health benefits 
well-beyond the starting food materials (Şanlier, et 
al., 2017). 

In Algeria, the fermented wheat Hamoum 
(FWH) is obtained after a natural fermentation in 
an underground granary called Matmora (Merabti 
et al 2015) and consumed in the form of couscous 
named lemzeiet.  Historically the FWH was 
considered like a food with medicinal properties in 
the prevention and treatment of many 
pathophysiological intestinal complications.  

The objective of the present study is to examine 
whether FWH supplementation restores the 
balance of the microbiota and intestinal barrier 
after intestinal BT in a model of malnourished rats. 
 
MATERIALS AND METHODS 

 Wheat origin  
Our sample came from a rural Mediterranean 

region of Mostaganem in west Algeria. Just after 
the harvest, part of the crop is stored in an 
underground unit called ''Matmora'' a very archaic 
traditional technique used up to these days in 
some isolated areas of the Maghreb. So, after the 
harvest season, the wheat seeds are poured into 
the pit, lined up with hay and then covered with 
hay and earth, subsequently, abundant water is 
poured into the pit. The water evaporates as the 
days go by under the heat of the sun. 

After two years of storage, part of the wheat in 
contact with the ground may undergo fermentation 
in its natural state. The choice of this rural area is 
justified by the preservation of such traditional 
storage techniques and its use for therapeutic 
purposes against some digestive pathologies. 

The FWH was taken under aseptic and 
hygienic conditions in sterile bags to avoid any 
contamination that may affect the endogenous 
bacterial flora. The sample was taken from 
peripheral part of the Matmora in contact with the 
ground and was stored in the dark in a refrigerator 
in a food package at 4°C until utilization. 

Our sample FWH naturally contain  strains of  
;Lactobacilus brevis, lactobacillus ssp.paracasie1, 
lactobacillus pentossus,lactobacillus 
ssp.paracasie3 ,    pediococus acidilactici , 
pediococus pentosuceus1,  streptococcus bovis,  
streptococcus thernophilus, Lactococcus 
acidilactici, lactococcus rafinolactis, weissella 
confusa and the most dominant specie in is 
Lactobacillus plantarum. 

Animals and diet 
Our experimental study was performed in 

Oran 1 Ahmed ben Bella University, Department 
of Biology, Laboratory of Physiology of Nutrition 
and Food Safety (PNSA). In this study, twenty 
eight male Wistar rats weighing 60 - 70 g and 
aged 4weeks were used.  
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Table1: Composition of the experimental diets in g /100 g diet1 

 
1 Diets are iso-energetic (1,778 MJ / Diet 100g) given as a powder and Prepared on Laboratory of 
Physiology of Nutrition and Food Safety (LPNSA).  
2 Prolabo-paris, France.  
3 Protein fermented wheat Hamoum (FWH) from Mostaganem, Algeria. 

4ONAB, Sidi Bel Abbes, Algeria. 
5Hamoum starch. 
6 Cristalized sugar, Cevital SPA, Bejaïa Algeria. 
7Sun flower oil (13%FSA, 22% AGMI, 65% FUA: 65% oméga 6) Cevital, SPA, Bejaia, Algérie.  
8 FWH oil. 
9Prolabo-Fontenay sous bois, France.  
10FWH cellulose. 
11UAR 205 B (Ville moisson, 91360, Epinay/S/Orge, France), mineral mixture (mg/kg of diet) CaHPO4, 
17200 ; KCl, 4000 ; NaCl, 4000 ; MgO2, 420 ; MgSO4, 2000 ; Fe2O3, 120 ; FeSO4, 7H2O, 200 ; MnSO4, 
H2SO4, H2O, 98 ; CuSO4, 5H2O, 20 ; ZnSO4, 80 ; CuSO4, 80 ; CuSO4, 7H2O ; KI, 32.  
12 FWH mineral mixture. 
13UAR 200 (Villemoisson,91360, Epinay/S/Orge, France),vitamin mixture (mg/kg of diet) : Vit A, 39600 UI 
; Vit D3, 5000UI, Vit B1, 40 ; Vit B2, 30 ; Vit B3, 140 ; Vit B6, 20 ; Vit B7, 300 ; Vit B12, 0,1 ; Vit C, 1600 ; 
Vit E, 340 ; Vit K, 3,80 ; Vit PP, 200 ; Choline, 2720 ; Folic acid, 10 ; paraaminobenzoїcacid (PAB), 180 ; 
Biotine, 0,6 ; Cellulose, qsp, 20g. 
 

The experimental animals were kept in 
stainless-steel cages without restricting their 
movements, fed with water, and standard pellets 
under constant ambient conditions (controlled light 
(12 h, 8:00–20:00 h), temperature (22°C) and 
humidity (60–65%)). All applicable institutional 
guidelines for the care and use of animals were 
followed. 

 The animals were divided into four groups of 
seven rats each, and received different diets. 

Group Ct+: malnourished group received 
protein malnutrition diet (2% Casein Protein types) 
for 25 days. 

Group Ct-: Positive control group received a 
standard diet for 25 days.    

The remaining groups received protein 
malnutrition diet (2% Casein Protein types) for 25 

days before being fed for 25 days with different 
diets: 

Group Std: received standard diet (20% 
Casein Protein types) 

Group FWH: received diet supplemented with 
FWH (20% Proteins) (Table 1) 

Experimental diets 
Table1: Composition of the experimental diets in g 
/100 g diet1 

Testing for bacterial translocation 
The animals were killed and the Mesenteric 

Lymph Nodes (MLN) complex, spleen, and liver 
were excised and quantitatively cultured to assess 
bacterial translocation. 

 Using sterile procedures, the chest and 
abdominal cavities were reflected with sterile 
forceps and the exposed viscera were swabbed 
with a sterile, cotton-topped applicator stick, which 

constituents standard diet protein malnutrition diet FWH supplemented diet 

Casein2 20 2 11 

Proteins FWH3 - - 9 

corn starch 4 59 75,6 - 

FWH Starch5 - - 65,28 

Saccharose6 5 6,4 - 

Oil7 5 5 2,59 

FWH oil8 - - 2,41 

Cellulose9 5 5 4,89 

FWH Cellulose 10 - - 0,11 

Mineral mixture l11 4 4 2,58 

FWH mineral mixture 12 - - 1,42 
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was placed in a tube of brain-heart infusion. The 
tube was incubated aerobically at 37°C for 24 h to 
test for bacterial contamination of the viscera. 
Smear cultures prepared from cecum were 
examined to determine the number of CFU. 

The MLNs, spleen and liver specimens were 
removed, and all organs were weighed 
separately.  

The MLN complex was placed in a sterile 
grinding tube and homogenized with 9 volumes of 
brain– heart infusion using sterile ground-glass 
stoppers (Heimo et al., 2001). To determine the 
bacterial concentrations of homogenates, each 
organ was diluted in decimal steps up to 1.104 in a 
sterile solution.  

After grinding with an Ultraturrax, 1 ml of the 
homogenate was transferred into a tube 
containing 9 ml of physiological serum; from this 
dilution 100 μl aliquots were placed on Drigalski 
agar plates for enterobacteria culture (Sanofi, 
Diagnostic Pasteur; France). Spleen, and liver 
samples were analyzed in the same way as the 
MLNs. 
 All agar plates for aerobic culture were incubated 
at 37°C under aerobic conditions for 1 day and 
then interpreted.   
Colony Forming Units per gram of tissue, 
calculated from the dilutions of organ homogenate 
and positive tissue cultures.  

Histology 
        Histological examination was performed on 
ileum fragments of rats subjected to different 
experimental diets; this study was performed to 
measure the height of intestinal villi and 
intraepithelial lymphocytes. Tissues were fixed in 
buffered 10 % formaldehyde, embedded in 
paraffin, cut into 3- to 5-μm-thick sections and 
subsequently stained with hematoxylin–eosin 
(HE).  

Length of villi 
The measurements of length of villi were 

made using a micrometer eye piece at x100 
magnification. Villus length was expressed in μm. 
Intraepithelial lymphocyte (IELs) counts 
A differential cell count was made under oil 
immersion (x1000 magnification) of the cells 
within the epithelium covering the villi, and IELs 
counts were expressed as the number of 
intraepithelial lymphocytes/100 epithelial cells.  

Statistical Analysis 
The obtained data were analyzed using exact 

Fisher test for comparison of BT and for 

lymphocyte infiltration between the different 
groups.  Cecal content counts of colonies are 
presented as log10 colony-forming units (CFU) per 
ml of homogenate. The results were expressed as 
mean ± standard deviation; the differences 
between the different groups were evaluated by 
Student t test or one-way analysis of variance 
(ANOVA), as appropriate, P values less than 0.05 
were considered statistically significant. 
 
RESULTS  

Twenty-eight animals were used in the study. 
During the experimentation period, none of the 
animals died. 

FWH reduced translocation of enterobacteria 
to the MLN 

No bacteria were detected in the MLN of Ct- 
group indicating no BT. Conversely, in Ct+ group 
enterobacteria were detected in the MLN of all 
rats 100% (or 7/7) equivalent to 3.38 ± 1.5 UFC/g 
of MLN. Prevalence of enterobacteria 
translocation to  MLN was 57.14% (or 4/7) 
equivalent to 2.02 ± 0.83 UFC/g of MLN in the Std 
group and 28.57%  (or 2/7) equivalent to 1.66 ± 
0.77 UFC/g of MLN in FWH group. Statistical 
analysis revealed that feeding with FWH after 
malnutrition phase significantly reduced the 
prevalence of enterobacteria translocation to the 
MLNs (P<0.05).  (Fig.1.a) (Fig.2.B) 

The majority of bacteria isolated were enteric 
gram-negative organisms, and the most frequent 
cultured organism was E. coli. 

FWH corrects enterobacteria translocation in 
the spleen  
Similarly, no bacteria were detected in the spleen 
of Ct-group whereas enterobacteria were detected 
in the spleen of all rats of Ct+ group was 100% (or 
7/7) equivalent to 2.95 ± 1.17 CFU/g of spleen. 
Enterobacteria were detected in the spleen of 
42.85% (or 2/7) of the rats of the Std group 
equivalent to 1.92 ± 0.92 CFU/g of spleen. Finally 
the prevalence of BT was significantly reduced 
(P<0.01) in the FWH group where no rat were 
found positive for enterobacteria detection in the 
spleen. (Fig.1.c) (Fig.2.D) 

FWH reduces enterobacteria translocation in 
the liver 

Prevalence of BT in the liver was low in Ct- 
group 14.28% (or 1/7) while enterobacteria were 
detected in the liver of all rats of Ct+ group 100% 
(or 7/7) equivalent to 3.79 ± 1.6 CFU/g of liver. 
Both the standard and FWH diets were able to 
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reduce the prevalence of BT in the liver.   

 
 

Figure.1 : Incidence of intestinal bacterial translocation to mesenteric lymph nodes (MLNs) (a), to 
liver (b) and to spleen (c). Group Ct+: malnourished group receives protein malnutrition diet (2% 

Casein Protein types) for 25 days. Group Ct-: Positive control group received a standard diet (20% 
Casein Protein types); for 25 days. The remaining groups received protein malnutrition diet (2% 

Casein Protein types) for 25 days and after they are fed for 25 days with different diets; Group Std: 
received standard diet; Group FWH: received diet supplemented with FWH (20% Proteins).(n=7), 
NS, no significant difference; *P<0.05, significant difference; **P<0.01, very significant difference, 

***P<0,001 Strongly significant 
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Figure.2 : Mean log 10 population level of Enterobacteria per gram of ceca (A), of mesenteric 
lymph nodes (MLNs) (B), of liver (C) and of spleen (D) of rats in different situation of diet. Each 
point represents the Mean ± s.e.m (n= 7). Group Ct+: malnourished group receives protein 
malnutrition diet (2% Casein Protein types) for 25 days. Group Ct-: Positive control group received 
a standard diet for 25 days. The remaining groups received protein malnutrition diet (2% Casein 
Protein types) for 25 days and after they are fed for 25 days with different diets; Group Std: 
received standard diet (20% Casein Protein types); Group FWH: received diet supplemented with 
FWH (20% Proteins).(n=7), NS, no significant difference; P<0.05, significant difference; P<0.01, 
very significant difference. 
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Figure.3.A:  Histological sections of ileum from the group Ct+; severe villous atrophy, crypt 
hyperplasia and marked detachment of the villus epithelium. Histological sections of ileum from 
the group Ct-; normal appearance of the villus epithelium. Histological sections of ileum from the 
group Std ; normal appearance of the villus epithelium,   but with crypt hyperplasia. Histological 
sections of ileum from the group FWH ; normal appearance of the villus epithelium with 
restoration of the intestinal mucosa.  (X100). 

Figure.3.B: shows villous length of rats (n=7) in different situation of diet. Group Ct+: 
malnourished group receives protein malnutrition diet (2% Casein Protein types) for 25 days. 
Group Ct-: Positive control group received a standard diet for 25 days. The remaining groups 
received protein malnutrition diet (2% Casein Protein types) for 25 days and after they are fed for 
25 days with different diets; Group Std: received standard diet (20% Casein Protein types); Group 
FWH: received diet supplemented with FWH (20% Proteins). 
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Figure.4:  Effects of different diets on IELs number. Ileum fragments from different groups of rats 
(n=7) were obtained. Group Ct+: malnourished group receives protein malnutrition diet (2% 
Casein Protein types) for 25 days. Group Ct-: Positive control group received a standard diet for 
25 days. The remaining groups received protein malnutrition diet (2% Casein Protein types) for 25 
days and after they are fed for 25 days with different diets; Group Std: received standard diet (20% 
Casein Protein types); Group FWH: received diet supplemented with FWH (20% Proteins).Cell 
counts were performed on 4 segments of each animal. Values are expressed as mean ± SE. NS, no 
significant difference; P< 0.05, significant difference; P<0.01, very significant difference. 
 

Indeed, this prevalence was 28.5% (or 2/7) in 
the Std group (P<0.01), and 14.28% (or 1/7) in the 
FWH group (p<0.01). (Fig.1.b) (Fig.2.C) 

Cecal enterobacteria proliferation is reduced 
with FWH 

The feeding with FWH after malnutrition 
phase in FWH group allowed a reduction  in cecal 
enterobacteria proliferation compared to Ct+ 
group (P<0.01). This decrease was less 
significant  in Std group fed with standard diet 
after malnutrition phase compared to Ct+ group 
(<0.05). ( Fig.2.A) 

Length of villi 
The effects of the different diets and FWH 

supplementation on villus length are shown in 
Fig.3.A and Fig.3.B. Histological analysis of the 
small intestine in Ct+ group showed shorter villi 
compared to Ct- group 26.75 ± 0.12 µm vs 42.75 
± 0.09 µm (p<0.01) indicating a marked reduction 
of the villi size by malnutrition. No anomalies were 
seen in the Std group and FWH group indicating 

that both standard and FWH diets are able to 
restore normal villi morphology after a malnutrition 
period. Indeed, the length of villi in Std Group was 
significantly higher than Ct+ Group 44.41 ± 
0.09µm vs 26.75 ± 0.12 µm (p<0.01). The feeding 
with or without FWH after malnutrition phase 
increases the length of villi, although the 
magnitude of the increase is lower in Std group 
than FWH Group 44.41 ± 0.08 μm vs 57.47 ± 0.28 
μm (p<0,01). 

Effect on IELs Count 
The effects of the different diets and FWH 

supplementation on IELs are shown in Fig.4. The 
number of IELS was significantly decreased in Ct+ 
group compared to Ct- group 25 ± 4.08 vs 65 ± 
8.16 lymphocytes / 100 epithelial cells (p<0.01). 
The number of IELS, in Std group was 
significantly higher than Ct+ group (43.33 ± 1,81 
vs 25 ± 4,08 lymphocytes / 100 epithelial cells 
(p<0.01). The feeding with or without FWH after  
malnutrition  phase increased the number of IELs, 
although the magnitude of the increase was lower 
in Std group than FWH group 43.33 ± 1.81 vs  
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66.5 ± 4,62 lymphocytes / 100 epithelial cells 
(p<0.01). Moreover, the number of IELs was not 
significantly different in feeding with FWH group 
compared to Ct- group 66.5 ± 4.62 vs 65 ± 8.16 
lymphocytes / 100 epithelial cells indicating that 
FWH supplementation can help to restore IELs 
population. 

 
Discussion 

The Gastrointestinal Tract has a multitude of 
functions in addition to digestion. One important 
function is its ability to serve as a barrier against 
living organisms and antigens within the lumen, 
the so-called intestinal barrier function. The 
breakdown of this barrier may result in the 
crossing of viable bacteria and their products to 
mesenteric lymph nodes and more distant sites, a 
process known as BT (GATTet al., 2007; 
BarretoOriá, et al., 2016). 

There are three mechanisms involved in BT: 
modified gut microbiota, reduced intestinal barrier 
function, and inadequate response of the host 
immune system (BarretoOriá, et al., 2016, Tzipori 
et al.,2008). 

Severe malnutrition may promote 
translocation of intestinal bacteria, inflammation 
and cause atrophy of immune organs (Rodríguez , 
et al.,2011; Betue et al., 2013). In particular, 
mucosal barrier immunity is impaired in the 
malnourished host due to the altered architecture 
and composition of the intestinal mucosal tissues 
which include flattened hypertrophic microvillus, 
reduced lymphocyte counts in Peyer’s patches or 
reduced IgA secretion (Beisel, 1996; Schaible, 
and Kaufmann, 2007 ; Rodríguez et al. 2011).  
Increased intestinal permeability facilitates 
translocation of both intact bacteria and microbial 
products from the intestinal lumen to extra 
intestinal organs (Rodríguez et al., 2011). 

In the present study, we showed a high rate of 
enterobacteria translocation in MLN, liver and 
spleen cultures and morphological alterations in 
mucosal layers of the terminal ileum marked by 
villous atrophy after 25 days of protein 
malnutrition. These results are concordant with a 
previous study made by (Benakriche et al., 2008)  
aimed to evaluate the effects of protein 
malnutrition on cecal bacterial overgrowth and 
enterobacteria translocation in rats model. The 
results showed that the protein malnutrition 
promotes cecal bacterial overgrowth and 
enterobacteria translocation in the MLN and liver.  
In a second study made by (Tannuri, et al., 2000), 
the morphological and morphometric analysis 
demonstrated that small intestinal villous height 

was significantly decreased in the malnourished 
group. This study provides confirmation that, 
protein malnutrition diet greatly reduces  the 
number of IELs. IELs are localized within the 
epithelium of the intestine, and should play an 
important role in maintaining homeostasis by 
fighting against pathogens and regulating 
excessive inflammations (Berg and Garlington, 
1979; Berg, 1999, Mondoon et al 2017). Our 
results which concord with the  previous study 
indicate that  malnutrition affects the immune 
response, causing a decrease of defense 
mechanisms and making the host more 
susceptible to infections (Galdeano, et al., 2011). 
In study aimed to evaluate the ILEs in the 
intestinal mucosa in children with malnutrition and 
parasitic infections, the authors concluded that the 
fall in IELs counts and lack of response to local 
antigenic stimulations are features of malnutrition 
(Lenoble, et al., 1992). 

Diet impacts the intestinal micro-biota 
composition and activity in early infancy as well as 
in adults. Microbial perturbations have been 
demonstrated in subjects with under-nutrition 
and/or malabsorption. The bidirectional 
interactions between the microbiome, nutrient 
availability and gastro intestinal function, can 
contribute to a vicious circle, further impairing 
health outcome in conditions associated with 
malnutrition and/or malabsorption (Jonkers 
DMAE, 2016). 

Among the food-based approaches, simple, 
low cost, indigenous technologies, which improve 
the nutrition content or availability, are of great 
value in combating malnutrition (Prakash, 2013). 
Fermentation is one such technology; it does not 
need extra resources and can improve the 
nutritional quality of food, enhancing some 
nutrients, destroying antinutritional factors, and 
increasing digestibility and bioavailability of 
nutrients (Svanberg and  Lorri, 1997). Fermented 
foods provide many health benefits such as anti-
oxidant, anti-microbial, anti-fungal, anti-
inflammatory, anti-diabetic and anti-
atherosclerotic activity (Şanlier et al., 2017) and  
help maintain a healthy microbial culture in the gut 
and thus have a health protective effect; For 
example under certain conditions, such as in 
patients with a systemic insult (e.g., starvation, 
shock, injury, and infection) or a specific insult of 
the gastrointestinal tract (e.g., inflammation, 
chemotherapy, or radiation), gut mucosal 
permeability increases, leading to the 
translocation of microbes (Carrico and Meakin, 
1986;  Alexander et al., 1990; Wells, 1990; 
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Kasravi et al., 1997).  A healthy microbial culture 
prevents this translocation of organisms, dead 
and living, as well as microbial products, from the 
gut to the blood (Prakash et al., 2016). 

In this study, following the use of   FWH we 
observed extremely decreased BT in mesenteric 
lymph node, and a total absence in liver and 
spleen in FWH refed rats also the cecal-
enterobacteria proliferation was reduced. This 
suggests that FWH acts through gut barrier 
improvement rather than through modulation of 
the gut microbiota. This is in accordance with 
histopathological examinations of ileum revealing 
recovery of mucosal damages after refeeding 
marked by a raise length of villus. The effects of 
FWH supplementation on gut immune system 
were also revealed by an ILEs counts and the 
results show a recovery of the immune system by 
increasing the number of IELs. 

CONCLUSION 
We conclude that FWH supplementation 

protects from bacterial translocation, intestinal 
damages and allows a better recovery of the 
immune system after protein malnutrition phase.   
This first experimental study with the encouraging 
results on health effect of fermented wheat 
Hamoum revealed a potential therapeutic diet for 
all cases which lead to an intestinal bacterial 
translocation.  
 
Perspective: 

Side health effect of FWH: a complementary 
molecular study is needed to complete this work 
for later clinical trials. It will also be interesting to 
see the effect of this diet on obesity, type 2 
diabetes and arterial hypertension. 
Microbiology side: a metagenomic analysis is in 
progress to identify the mix of bacteria that 
constitute this Hamoum fermented wheat. It will 
be interesting later to see the probiotic potential of 
these bacteria and make a start culture. 
  
CONFLICT OF INTEREST 

The authors declared that present study was 
performed in absence of any conflict of interest”. 
 
ACKNOWLEGEMENT 

This work was supported by PNR program 
provided by the Algerian ministry of higher 
education. 
 
AUTHOR CONTRIBUTIONS 
SB designed and performleed the experiments 
and also wrote the manuscript. BMB, PG, and  

OKH designed experiments and reviewed the 
manuscript. All authors read and approved the 
final version. 

Copyrights: © 2017 @ author (s).  
This is an open access article distributed under the 
terms of the Creative Commons Attribution License 
(CC BY 4.0), which permits unrestricted use, 
distribution, and reproduction in any medium, 
provided the original author(s) and source are 
credited and that the original publication in this 
journal is cited, in accordance with accepted 
academic practice. No use, distribution or 
reproduction is permitted which does not comply 
with these terms. 

 
REFERENCES   
Alexander JW, Boyce ST & Babcock GF, 1990, 

The process of microbial translocation, 
Annals of Surgery, 212, 496–512 

BarretoOriá R, de Azevedo OGR, Carneiro TB, 
Lima AA, Guerrant RL, 2016, L-Arginine and 
Its Use in Ameliorating Cryptosporidium 
parvum Infection in Undernourished Children 
In: L-Arginine in Clinical Nutrition 1est edn, 
Switzerland, pp 321-330. 

Beisel, WR, 1996, Nutrition in pediatric HIV 
infection: Setting the research agenda. 
Nutrition and immune function.  J. Nutr. 
126(10 Suppl):2611S-2615S. 

Benakriche BM , Bekada A, Pochart P, Saïdi D 
and Kheroua O , 2008, Protein malnutrition 
and metronidazole induced intestinal 
bacterial translocation in rats, African Journal 
of Biotechnology , Vol. 7 (18), pp. 3367-
3372, ISSN 1684–5315. 

Berg RD, 1999. Bacterial Translocation from the 
Gastrointestinal Tract : in a Paul P. S et al. 
(eds.), Mechanisms in the Pathogenesis of 
Enteric Diseases 2, Part of the Advances in 
Experimental Medicine and Biology book 
series, volume 473, Louisiana, USA, pp 11-
30. 

Berg RD, Garlington AW, 1979. Translocation of 
certain indigenous bacteria from the      
gastrointestinal tract to the mesenteric lymph 
nodes and other organs in a gnotobiotic 
mouse model. Infect Immun 23:403–411. 

Betue CT, Joosten KF, Deutz NE, Vreugdenhil 
AC, van Waardenburg DA (2013) Arginine 
appearance and nitric oxide synthesis in 
critically ill infants can be increased with a 
protein-energy-enriched enteral formula. Am 
J Clin Nutr. 98(4):907-916.  

Bhutta ZA. et al., 2008, What works? Interventions 

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/


Bousbahi et al.,                                                   Effect of FWH supplementation on bacterial translocation 

 

    Bioscience Research, 2018 volume 15(4):3775-3785                                                 3784 

 

for maternal and child undernutrition and 
survival. THE LANCET 371: 417–440.  

Bourke CD, Berkley JA, and Prendergast AJ, 
2016, Review Immune Dysfunction as a 
Cause and Consequence of Malnutrition, 
Trends in Immunology, 37(6): 386–398. 

 Carrico J & Meakin JI, 1986, Multiple organ 
failure syndrome. Archives of Surgery, 121, 
196–208. 

Galdeano CM, Núñez IN, LeBlanc AM, Weill ECR 
and Perdigón G, 2011, Impact of a probiotic 
fermented milk in the gut ecosystem and in 
the systemic immunity using a non-severe 
protein-energy-malnutrition model in mice, 
BioMedCentral Gastroenterology, 26;11:64. 

GATT M, REDDY BS & MACFIE J, 2007,  
Bacterial translocation in the critically ill-
evidence and methods of prevention. Aliment 
Pharmacol The,  25:741–57.  

Gordon, J.I. et al., 2012,  The human gut 
microbiota and undernutrition, Sci Transl 
Med.4(137):137ps12. 

Guerrant RL, DeBoer MD, Moore SR, Scharf 
RJ, Lima AA, 2013, The impoverished gut a 
triple burden of diarrhoea, stunting and 
chronic disease. Nat Rev Gastroenterol 
Hepatol, 10(4):220-9.  

Gurbuz A, Kunzelman J, Ratzer EE, 1998, 
Supplemental dietary arginine accelerates 
intestinal mucosal regeneration and 
enhances bacterial clearance following 
radiation enteritis in rats. J Surg Res 74:149–
54.  

Heimo H, Wenzl MD, Gunter Schimpl MD, 
Gebhard Feirer I, Gerhardt Steinwender 
MD,2001, Time Course of Spontaneous 
Bacterial Translocation from Gastrointestinal 
Tract and Its Relationship to Intestinal 
Microflora in Conventionally Reared Infant 
Rats. Dign Dis Sci , 46(5): 1120-1126. 

Herzog R, Cunningham-Rundles S, 2015, 
Malnutrition, Immunodeficiency, and Mucosal 
Infection in: Mucosal Immunology, Fourth 
Edition, Weill Cornell Medical College, New 
York, NY, USA pp1461–1479.   

Hoang T. et al., 2015, Protein energy malnutrition 
during vaccination has limited influence on 
vaccine efficacy but abolishes immunity if 
administered during Myco bacterium 
tuberculosis infection. Infect. Immun, 
 83: 2118–2126. 

Hughes SM1, Amadi B, Mwiya M, Nkamba H, 
Tomkins A, Goldblatt D,2009, Dendritic cell 
anergy results from endotoxemia in severe 
malnutrition. . J Immunol, 183(4):2818-26.  

Humblot C, Turpin W, Chevalier F, Rochette I & 
Guyot JP, 2010, The mRNA of the genes 
encoding for 5 enzymes implicated in the 
starch metabolism are expressed during the 
fermentation by Lactobacillus plantarum A6 
of a cerealdough. 17e Colloque du CLUB 
des BACTERIES LACTIQUES. CBL2010. 

Iyer SS. et al., 2012 Protein energy malnutrition 
impairs homeostatic proliferation of memory 
CD8 T cells. J Immunol 188 :77–84.  

Jonkers DMAE ,2016,  Microbial perturbations 
and modulation in conditions associated with 
malnutrition and malabsorption. Best 
Practice & Research in Clinical 
Gastroenterology, 30(2), 161-172.  

Kasravi, F. B., Adawi, D., Molin, G, Bengmark, S, 
& Jeppson, B, 1997. Effect of oral 
supplementation of lactobacilli on bacteria 
translocation in acute liver injury induced by 
d-galactosamine. Journal of Hepatology, 26, 
417–424. 

Kelly P, Banda T, Lees JD, Besa E, Zyambo KK, 
Muchimba M, Watson AJ, Louis-Auguste JR, 
2015, 309 Epithelial Lesions in 
Environmental Enteropathy Imaged by 
Confocal Endomicroscopy Define a Pathway 
of Leakage and Correlate With Zinc 
Malabsorption, Gastroenterology, 148: S68.  

Kong LC, et al., 2014, Dietary patterns differently 
associate with inflammation and gut 
microbiota in overweight and obese subjects. 
PLoS ONE, 20; 9(10):e109434. 

Lenoble RD, Kombila M, Nardou M, Gahouma D, 
Barbet JP, Walter P, 1992, Decreased 
intraepithelial lymphocytes in the intestinal 
mucosa in children with malnutrition and 
parasitic infections].Ann Pediatr (Paris). 1992 
Feb;39(2):95-8. 

Llamas MA, Aller MA, Marquina D,  Nava MP, 
Arias J, 2010. Bacterial Translocation to 
Mesenteric Lymph Nodes Increases in 
Chronic Portal Hypertensive Rats. Dig Dis 
Sci 55:2244–2254.  

Merabti R, Bekhouche F, Chuat V, Madec MN , 
Maillard MB, Bailly S, Thierry A, Valence F, 
2015, A large diversity of lactic acid bacteria 
species is involved in the fermentation of 
wheat used for the manufacture of lemzeiet. 
Eur Food ResTechnol, 27(8):1000-8.  

Mondoona S, Shibatab K, , Yoshikaia Y, 2017,  In 
vivo blockade of T cell development reveals 
alternative pathways for generation of 
intraepithelial lymphocytes in mice, 
Immunology Letters 191 (2017) 40–46. 

 Nout MJR, 2009, Rich nutrition from the poorest - 



Bousbahi et al.,                                                   Effect of FWH supplementation on bacterial translocation 

 

    Bioscience Research, 2018 volume 15(4):3775-3785                                                 3785 

 

Cereal fermentations in Africa and Asia. 
Food Microbiology 26, 685-692. 

O’Keefe SJD. et al., 2015, Fat, fibre and cancer 
risk in African Americans and rural Africans, 
Nat Commun 6: 6342. 

Ogata Y, Nishi M, Nakayama H, Kuwahara T, 
Ohnishi Y, Tashiro S, 2002, Role of bile in 
intestinal barrier function and its inhibitory 
effect on bacterial translocation in obstructive 
jaundice in rats. J Surg Res 115:18–23. 

Prakash V, Belloso OM, Keener L, Astley SB,  
Braun S, McMahon H and Lelieveld H, 2016,  
Chapter 14 - Safety of Fermented Cereals 
and Legumes, Pages 283-310, Regulating 
Safety of Traditional and Ethnic Foods ; 
Edited by: ISBN: 978-0-12-800605-4. 

Prakash, J, 2013, Wholegrain nutrition: 
rediscovering the hidden wealth. Indian Food 
Industry, 32(6), 45-. 

Prendergast A, Kelly P, 2012, Enteropathies in the 
developing world: neglected effects on global 
health. Am J Trop Med Hyg 86(5):756-63.  

Quirino IE, Correia MI, Cardoso VN, 2007, The 
impact of arginine on bacterial translocation 
in an intestinal obstruction model in rats. 
Clinical Nutrition, 26(3):335-40. 

Rodríguez L, Cervantes E and Ortiz R, 2011, 
Malnutrition and Gastrointestinal and 
Respiratory Infections in Children: A Public 
Health Problem. Int J Environ Res Public 
Health. 8(4): 1174–1205.  

Şanlier N, Gökcen BB & Sezgin AC, 2017, Health 
benefits of fermented foods, Critical Reviews 
in Food Science and Nutrition, 25:1-22.  

Sarac F, Salman T, Gun F, Celik AD, Gurler N, 
Abbasoglu SD, Olgac V, Saygili A, 2015. 
Effect of probiotic supplementation on 
bacterial translocation in common bile duct 
obstruction. Pediatr Surg Int 31:155–161.  

Schaible UE, Kaufmann SHE, 2007, Malnutrition 
and Infection: Complex Mechanisms and 
Global Impacts, 
doi.10.1371/journal.pmed.0040115 

Songre-Ouattara LT, Mouquet-Rivier C, Icard-
Verniere C, Humblot C, Diawara B & Guyot 
JP, 2008, Enzyme activities of lacticacid 
bacteria from a pearl millet fermented gruel 
(ben-saalga) of functional interest in nutrition. 
Int J Food Microbiol 128, 395-400. 

Spencer SP, Wilhelm C, Yang Q, Hall 
JA, Bouladoux N, Boyd A, Nutman 
TB, Urban JF Jr, Wang J, Ramalingam 
TR, Bhandoola A, Wynn TA, Belkaid Y, 
2014, Adaptation of innate lymphoid cells to 
a micronutrient deficiency promotes type 2 

barrier immunity. Science 343(6169):432-7.  
Svanberg U & Lorri W, 1997,  Fermentation and 

nutrient availability. Food Control, 8(5/6), 
319–327.  

Tannuri U, Carrazza FR and  Iriya K, 2000, The 
effects of glutamine-supplemented diet on 
the intestinal mucosa of the malnourished 
growing rat. Rev. Hosp. Clín. Fac. Med. S. 
Paulo 55 (3):87-92. 

Tzipori S, Widmer G. A, 2008, hundred-year 
retrospective on cryptosporidiosis. Trends 
Parasitol. 24(4):184-9.  

Veldhoen M. and Ferreira C, 2015, Influence of 
nutrient-derived metabolites on lymphocyte 
immunity, Nat. Med 21: 709–718.  

Wells, CL,1990. Relationships between intestinal 
microecology and the translocation of 
intestinal bacteria. Antonie van 
Leeuwenhoek, 58, 87–93. 

Wiest R,  Lawson M, Geuking M, 2014. 
Pathological bacterial translocation in liver 
cirrhosis. Journal of Hepatology 197–209.  

Wiest R, Rath HC, 2003. Bacterial translocation in 
the gut. Best Pract Res Clin Gastroenterol, 
17:397–425. 1. 

 
 
 
 
 
 
 
 


