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ABSTRACT 

The beneficial effects of the gastrointestinal microbiota and mankind health take multitude 
interest in the recent researcher studies. According a lot of studies proven that flax seeds contain 
bioactive materials such as precursors of omega-3 and omega 6,polysaccharides, cyclic peptides, 
lignin, alkaloids, cyanogenic glycosides, and cadmium. Lignin that is usually exists in content within 
flaxseed oil required intestinal bacteria to be metabolized in order to absorption through intestinal 
mucosa to the systemic circulation in humans. This study concentrated on the impact of either 
flaxseed oil or its nanoemulsionas prophylaxis the growth of total account of microbiota in rat’s 
colon. The male adult albino rats (Western) strain, weighting 120±30 gm. Were divided into four 
groups: Group I:rats that received saline (serve as normal control), Group II: rats that received 1ml 
flax seed oil (as reference), Group III: rats were received 1ml flax seed oil nanoparticles and Group 
IV: rats that received 2ml flax seed oil nanoparticles. The results determined that the  lowest total 
bacterial counts (CFU/ml) was found with rats treated with 1ml of oil nanoemulsion whereas the 
highest total bacterial count was found with rats treated with 2ml oil nanoemulsion. It was worthy that 
findings confirmed the consumption of flaxseed oil nanoemulsion amounted to 2ml was the highest 
total bacteria than natural form. It may be regarded to the nanoemulsion was a better gastro-intestinal 
absorption of the precursor omega-3 fatty acids resulted to the nanoparticles size and enrichment the 
colon micobiota by others phytochemical  bioactivities as well as lignin.  
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Introduction 

The human microbiome has a broaden range estimated to a high number reach to100 trillion 
microbes existed live in our gut, also the microbiota consisted of varied bacteria colonies,viruses and 
fungi that have more intricate than the human genome. Recently, many studies confirmed that 3.3 
million unique sequence type of genes protein-encoding to create different species of protein as 
compared with the whole human genome, which has estimated an average of 23.000 genes. These 
researches have determined the useful action of the intestinal microbiota and beneficial influence on 
health and the genetic expression (Qin et al., 2010). Unlike the human genome in the same time is 
relatively constant but microbiome genes are dynamic changing observed with early development 
environmental factors such as food intake or the diet and swallowed antibiotics response in case of 
diseases (Lozupone et al., 2012). The almost dramatic alteration in composition of microbiota occur 
in infancy and early childhood stages (Schroeder and Bäckhed, 2016; Moon and Microbiome, 2016). 

Early experimental studies have described the potency of flaxseed fortification to the diet to 
change the bacterial flora which residents into the intestines of animals. In recent study, the important 
role of added flaxseed to the diet of mice has been investigated. It has been found that flax seed 
altered the Enterobacteriaceae variety types that predominated in the feces and cecum (Pulkrabek et 
al., 2017). In the same way, Power and others (2016) proved that enrichment diet with flaxseed will 
alter the colon conditions such as the bacterial microenvironment with 20-fold of Prevotella spp. and 
30-fold decline in Akkermansia muciniphila abundance. The enterolignans derivatives from milled 
flaxseed and defatted flaxseed meal such as enterodiol and enterolactone from secoisolariciresinol 
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diglucoside (SDG) is best generated, to distinct a variety of food items that contain SDG (Thompson 
et al., 1991). Nevertheless, some of specific bacteria in intestine are completed intestinal metabolism 
via the biotransformative process in the body metabolism (Wang et al., 2010), including 
microorganisms such as Ruminococcus bromii and Ruminococcus lactaris (Lagkouvardos et al., 
2015). Others studies have cleared that high fat diet with flaxseed and fish oil elevated the multitude 
of intestinal Bifidobacterium (Patterson et al., 2014).Otherwise, the alteration in some species of 
bacteria in the intestinal microbiome may involve incidence of disease complication. Dietary 
supplemented with flaxseed oil as well as food intake could be under some circumstance decline the 
growth of Porphyromonadaceae and proteobacteria in the intestinal microbiome, which may have 
affirmative effect on alcoholic liver fatty disease (Zhang et al., 2017). The flax seed residues meal, 
called defatted flaxseed can reduce the appearance of thumping crypt foci in the mice colon in case of 
an inducing in the expression of Bifidobacterium (Gomideset al., 2015). 

Dietary intake particularly plant based products has been defined for a long time better plan for 
either preventing or reducing the chronic diseases complicated syndrome. Flaxseed oil obtained from 
plant seeds was considered as an abundant plant content of omega-3 fatty acids which renders the 
susceptibility of oil to oxidation. In the same time, there are numerous advantages of flaxseed oil 
emulsions. In the beginning on concerned of the uncomfortable smell of the food items which can be 
reduced by processing into an emulsion. For example, unfavorable odor of cod liver oils turned to be 
almost palatable and foul smelling oily substances altered to odorless by means of emulsification. 
Meanwhile, this is pointed to the oil globules appear completely surrounded by an aqueous medium 
that potentially restricted the undesirable oil odor (Durgin and Hanan 2004). Also, emulsion was a 
better gastro-intestinal absorption of the precursore omega-3 fatty acids result to the tiny particles size 
of the emulsion (Remington and Beringer 2005).The bioavailability of Alpha Linolenic Acid (ALA) 
was defined by Couedelo et al. (2011) that were improved with the flaxseed oil intake in an 
emulsified formula. The objectives of this study are to worth clear the different influences of native 
flaxseed oil and its nanoemulsionon colon total count of microbiota. It certainly regards to the gut 
microbiota which have an important role in manipulating the biochemical pathways of the diet 
nutrients content. Therefore, study impact on the host health and disease. The key factor of gut 
microbiota either in human metabolism or health has encourage researchers into the consistency of 
specific microorganisms contributed in different processes, and the elucidation of metabolic pathways 
of nutrients of food intakes. In addition other mechanisms like their anti-inflammatory important role, 
anti-oxidative action and lipid turn properties. 
  
Materials and Methods 
 
Materials:

 
1-Plant Material  

The flaxseed oil was purchased from a local market from Giza (Egypt) during summer season 
and was kept under cooling condition at 8○C for the subsequent processing nanoemulsion form and 
biological experiment. 

 
2- Chemicals and kits:  

Diagnostic kits for serum estimation of the analyzed parameters were purchased from 
Biodiagnostic Company, Egypt. Routine chemicals and solvents used in the study were of highest 
grade and commercially available. 

 
3- Experimental animals: 

Male adult albino rats (Western) strain, weighting 120 ± 30 gm, purchased from the animal 
house colony of National Research Center and housed in cages under standard laboratory conditions 
of 12 h/12 h light/dark, 25 ± 2 ◦C with free access to food and water. 

 Methods:
 

1-Experimental Sonication and the nanoemulsion: 
A UP100 Hielscher Ultrasonic Processor (Hielscher Ultrasound Technology, Teltow, 

Germany), with 100 W output power and a frequency of 30 kHz equipped with a 10 mm sonotrode, 
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was used to perform the study. During sonication, the sonotrode was immersed into the coarse 
emulsion. Sonication was conducted at varying sonocation time (15, 30, 45 and 60 min) and at 
sonication amplitude (50%). The nanoemulsion was analysed after sonication without storage. During 
sonication, some of the energy dissipated as heat. In order to avoid rapid temperature increase in the 
sample, sonocation was paused for 1 min after the sample was sonicated for 4 min. The glassware was 
covered with aluminum foil throughout the sonication process to minimize to cool oxidation and was 
placed in water bath with water maintained at 25oC for cooling purpose. Samples were prepared in 
triplicate. 
 
2- Experimental rat design: 

To assess the effect of flax seed oil and its nanoparticles on growth of microflora and 
microbiota in colon, the rats were randomly divided into four groups. Each group contains eight rats 
feed on standard diet according to AIN 93 (Reeves et al., 1993). The experimental work on rats was 
performed with the approval of the Animal Care & Experimental Committee, National Research 
Centre, Cairo, Egypt, and international guidelines for care and use of laboratory animals (NRC, 1993) 
and classified as follow: 

 
 Group I: Rats received saline and serve as normal control. 
 Group II: Rats received 1ml flax seed oil (ref.) 
 Group III: Rats received 1ml flax seed oil nanoparticles (ref.) 
 Group IV:  Rats received 2ml flax seed oil nanoparticles (ref.) 
 

After 4weeks, the rats were sacrificed under ether anesthesia, opened longitudinally and colonic 
tissues were the distal colon (10cm) was rapidly removed and gently cleaned of fecal content using 
normal saline and examined for presence of ulcers. Then specimen was obtained 2 cm proximal to the 
anus for macroscopic and microscopic examination of colonic damage. 

 
3- Evaluation of the total bacterial count in rat colon: 

The total bacterial count has been performed by total bacterial count through measuring the 
colony forming unit (CFU) for all groups. Each rat colon was suspended in 25ml of pre-sterilized 
distilled water. Serial dilutions from 10-1 to 10-10 from each suspension have been performed. From 
each dilution two nutrient agar plates were inoculated by 100ml and swabbed over their surfaces. The 
inoculated plates were incubated at 35oC for 24h. and the bacterial growth was detected (Youssef et 
al., 2016). 

 
Results 
 
1-Effect of Sonication Time:  

Coarse emulsion prepared from flaxseed oil was highly dispersed, analysis using Zetasizer to 
obtain a reliable droplet size. In general, 4ml linen oil; 2 ml tween 80 and 94 ml water were mixed 
vigorously on hot plate stirrer for 10min. Prepared mixture exposed to ultrasonication power with 
frequency 0.5 and amplitude 1 (as optimum condition). Suddenly, white emulsion produced after 
exposing to ultrasonication. Sonocation power assist forming very fine Oil/Water emulsion through 
the waves and assist homogenous distribution of nanoemulsion.  

Emulsions sonicated showed that mean droplet diameter decreases with sonication time. 
Produced nanoemulsion size decreased with increase ultrasonication from 78 nm at 15 min to 19 nm 
at 60 min. Forthat, linen emulsion prepared at 60 min with paticles size 19 nm. This was due to local 
turbulence that generated heat that degrades the emulsifying properties of Tween 20. Hence, 
sonication for 60min was deemed as optimum condition in the present study as it produced the 
smallest average droplet size 19nm. It is needn’t to say, the positive effect of low size of 
nanoparticles. As size decrease the surface area exposed to biological medium increase and maximum 
positive effect was visualized. 
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Fig. 1: Particles size analyzer of Linen Nano emulsion at a) 15 min, b) 30 min, c) 45 min and d) 60 

min. 
 

2- Transmission Electron Microscope (TEM): 
TEM images confirmed the formation of nanoparticles. Fig. 2 showed spherical nanoemulsion 

with average size 20nm, it is coinciding with Zeta-potential results. The spherical nanoemulsion 
results from the surface tension between oil droplet and water.  

 

 

Fig. 2: TEM image of the prepared nanoemulsion 
 

3- Stability against time 
The prepared nanoemulsion showed stability at different duration, the white phase without 

separation can be detected via naked eye. The stability was visualized at different duration 1, 2 and 3 
months. 

 
4- Total colon bacterial counts in rats: 

Findings in Table 1 and Fig 2 presented the total bacterial counts in the colons of the treated 
and untreated rats. It has been found that the lowest growth has been found with the sample no. 2 ( 
rats treated with 1ml nanoemulsion) and the highest growth has been investigated with sample 3 (rats 
treated with 2ml nanoemulsion), i.e., the all dilutions from 10-1 to 10-10 showed highly bacterial 
growth (uncountable). Sample 1(rats treated with native oil) showed slight increase in the total 
bacteria compared to C (control). 

a b 

c d 
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Table 1: The total bacterial counts of treated and untreated rats 
Serial 

no. 
 
Groups 

Colony forming units (CFU)for different dilutions 
10-3 10-4 10-5 10-6 10-7 10-8 10-9 10-10 

C 
1 
2 
3 

Group I 
GroupII 
Group III 
GroupIV 

ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 

ND 
ND 
16 
ND 

ND 
ND 
11 
ND 

17 
ND 
4 

ND 

8 
57 
2 

ND 

2 
10 
0 

ND 

0 
3 
0 

ND 

ND= uncountable plates (over growth) 
 

 
Fig 2: The total bacterial counts of treated and untreated rats 

 
Discussion 

Indeed the flaxseed oil is very vulnerable to rancidity when exposure to the ambient air or even 
direct shiny light. In order to protect the oil highly active constituents should kept in a dark glass 
container with cool condition or keep protecting the granules of oil by nano-emulsification. In other 
hand, omega-3 fatty acids α-linolenic acid (ALA) is the major active ingredient content in flaxseed oil 
and highly rancidity constituent, including soluble fiber and lignans were also present (Tulika et al., 
2018). Flaxseed oil phytochemicals may consider as gut health promoting potentials ingredients and 
take in account of anticancer and cholesterol lowering effects etc. The impact of flax seed oil on 
disease has been mentioned in many previous studies, albeit in small amounts, either in animal 
research or human studies. The benefit health effect of microbiome is protecting many diseases and 
strengthen the public health such as fortified  of immunity, defense against pathogens, produce  short-
chain fatty acids necessary in metabolism  of energy in the host, help create of vitamins and the effect 
on deposit of fatty acids in adipose tissue as well as an influence on human behavior. 

The flaxseed oil emulsions have a multitude advantages. For example the oil globules which 
exist in spherical shape appeared completely surrounded with in a watery medium which significantly 
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suppressed the oil odor (Durgin and Hanan 2004). Moreover, the emulsion has better properties such 
as: smell, taste, texture and mouth feel than oily solution that is administered as mouthful (McKenna 
and Kilcast, 2003). In the current study, findings demonstrated that spherical nanoemulsion have 
average size 20nm and the spherical nanoemulsion carried out of the surface tension between oil 
droplet and water. Their nano size particles also lead to many beneficial physical properties as well as 
increasing surface area per unit volume, strong stability, cleared transparent appearance, and tunable 
rheology (Dreaden et al., 2012).These physical properties may be associated to increase the 
reproduction number of the beneficial microflora in colon media and subsequently improve food 
metabolisms. 

In addition, the perception of the impact of flaxseed oil on the gut microbiome is very important 
even in healthy or diseased people but already is limited (Ettinger et al., 2014). Meanwhile, the 
important pathway of nanoemulsion smaller particles size attributed to inducing gastro-intestinal 
absorption of the omega-3 fatty acids which in nanoparticles form (Remington and Beringer 
2005).The study processed by Couedelo et al. (2011) cleared that the bioavailability of ALA was 
ameliorate with the flaxseed oil consumption in an emulsion form. Meanwhile, the emulsifying ability 
of surfactants and proteins in flaxseed oil and the impact of utilizing two mixing devices on the 
properties of flaxseed oil emulsions produced of emulsification process. Flax oil has been previously 
used in animal studies and its positive impacts have been evaluated (Ogawa et al., 2009; Udenigawa 
et al., 2012). Menni et al. (2017) indicated a correlation between omega-3 circulating levels/intake 
and microbiome composition independent of dietary fiber intake, especially with bacteria of 
the Lachnospiraceae family. This result may be leading to suggest the possible use of flaxseed oil 
nanoemulsionomega-3 supplementation to improve the microbiome colon beneficial bacteria 
composition. These findings are synonymous with our results that showed that the best growth has 
been investigated with sample 3 (rats treated with 2ml nanoemulsion). In spite ofothers studies have 
determined Lactobacillus acidophilus and Lactobacillus casei were very beneficial for the digestion 
increased of whole flaxseed regard to elevate enterodiol bioaccessibility (Munoz et al., 2018). 

  
Conclusion 

Essential Fatty acid flaxseed oil alpha lenolenic acid was considered as a useful natural source 
for increasing the total number of the beneficial gut microflora. Nanoemulsion form should be 
protecting the omega-3 alpha lenlenic acids from rancidity in ambient temperature as well as flaxseed 
oil supplementation is necessary to improve the colonmicrobiome. Previously, the flax seed was 
added to the diet of rats as a value added material that affecting the total number of bacteria of the 
family Enterobacteriaceae. In this study, a trend to use flaxseed oil nanoemulsion to improve the 
colon condition leading to the increment of total bacterial count. Results revealed that a rat treated 
with 1ml of flaxseed oil nanoemulsion exhibited high total bacterial count. This study could open an 
area to study the effect of other oil rich with omega-3 nanoemulionsin this respect. 
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