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Efficacy of zinc oxide nanoparticles and Bifidobacterium bifidum Extraction 
on anaerobic bacteria isolated from patients with diarrhea
Qanat Mahmood Atiyea1*, Ranaa wadullah younus2, Halah S .Abdulkareem3, Arshad Mahdi Hamad1

Abstract: Infectious acute diarrhea may be prevented with probiotics; because they make up the majority of the colonic 
flora in breastfed newborns and are likely to contribute to the lower incidence of diarrhea in this population, Bifidobacteria 
are particularly appealing as probiotics agents. The present study was designed to identify anaerobic bacteria, especially 
C. difficile the main reason for dysentery associated with antibiotics. Detect the ability of each ZnoNPs and B. bifidum 
to inhibit bacterial growth. During the period from March to October 2019, (100) children and adults who came to Salah 
al-deen hospital in Tikrit city participated in the study under the supervision of a physician. All samples were transported 
using a carry Blair if late one or two hours after collection and culturing. The collected models were also cultured on Xylose 
Lysine Deoxycholate agar, Salmonella Shigella agar, Eosin methylene blue agar, and MacConkey agar. For initiated 
diagnoses of the Enterobacteriaceae, Blood agar is used to detect beta-hemolytic isolates, recover enteric bacteria other 
than Enterobacteriaceae, and evaluate the results of oxidase tests. To diagnose bacterium kinds, biochemical reactions 
and motility tests were used. Impact of ZnoNPs, and  B. bifidum antibiotic in vitro. The results of 100 dysentery feces 
samples were obtained into  (60%) samples for males and  (40%) for females. Eighty-two positively impacted anaerobically 
on growth media like Clostridium complicate agar and MacConkey agar (18%) other than bacteria. In contrast, negative 
samples revealed 10 (55.56 percent) samples for males and 8 (44.44 percent) samples for females. The same stool 
samples were taken and cultured on Clostridium difficile agar and MacConkey agar under anaerobic and ideal incubation 
conditions. 15% and 67% of isolates appeared on MacConkey agar of the total number of samples, while 18% showed 
negative growth. Finally, Zn NPs showed their ability to inhibit Clostridium complicated segregate lean on the condensation 
5 mg/ml, and it caused the inhibitory effect on Clostridium to complicate by 10-22 of the diameter of inhibition. The Inhibition 
Zone Dimeter ranged from 8 to 25 mm for isolates when condensation was utilized at 2.5 mg/ml. According to the findings, 
the widths of the inhibitory zones for isolates of C. difficile containing B. bifidum supernatant mg/ml ranged from 9 to 24 mm.
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Introduction
Diarrhea is a confusing matter in older people, especia-

lly in people with general weakness due to other problems 
in the body, such as stool or fluid electrolyte disturbances. A 
complication associated with the use of antibiotics is Clos-
tridium difficile infection (CDI)1. Intestinal flora dominates. 
Using broad-spectrum antimicrobials may destroy the pa-
tient's normal flora and encourage the dissemination of C. 
difficile toxins. Thus, antimicrobial therapy is critical to the 
development of CDI1. In the last year, many studies using 
Nanotechnology as antimicrobial activity and zinc oxide na-
noparticles as an antibacterial factor appeared in biologists' 
medicine, chemists and physicists2. Scientists have sear-
ched for many years for antibacterial agents for Helicobacter 
pylori, for examples3,4. A significant reduction in apoptosis 
was demonstrated in infants with viscera5. Changes to the 
body's defensive6,7. Measures to reduce inflammation redu-
ced visceral-induced morbidity, as well8,9. Hence, this study 
identified the types of aerobic bacteria that cause diarrhea. 
Detect the ability of each ZnoNPs and B. bifidum to inhibit 
bacterial growth. The current investigation aimed to identify 

anaerobic bacteria, particularly C. difficile, the primary cau-
se of diarrhea linked with antibiotic use. Find out whether 
ZnoNPs and B. bifidum can both stop bacterial growth.  

Materials and methods 

Sample collection
Samples were taken from patients of different age 

groups in Salah al-Din Hospital in Tikrit governorate from 
March 2019 to October 2019; the study included 100 sam-
ples, and vectors were used for transplanting them on the 
following media10. For initial isolation of Enterobacteriaceae, 
such as MacConkey agar; XLD agar, SS agar, and EMB 
agar; and blood agar to disclose beta-hemolytic isolates 
recover enteric bacteria other than Enterobacteriaceae, as 
well as oxidase test performance10. Aerobic and anaerobic 
isolates were incubated in a jar at 37 C° for 24 hours, and all 
biochemical tests were performed to detect Gram-positive 
and negative species, as well as a motility test11.   
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ZnO NPs and Bifidobacterium bifidium were shown to 
have a minimal inhibitory concentration

ZnO NPs and Bifidobacterium bifidius were studied ac-
cording to the agar Dilution method. The concentrations of 
ZnO in the supernatant of Bifidobacterium bifidum varied 
from 1-2 mg/ml. Muller Hinton agar center in glass bottles 
(20 ml each), sterilized by inventory and returned to a tem-
perature of 4oC. Different amounts of ZnO and Bifidobacte-
rium bifidus were added, the media was fed correctly, and 
then the media was placed on sterile plates and maintained 
at 4 C° until use. The infection was caused by bacteria exa-
mined and compared to a set turbidity standard solution af-
ter 18-24 hours. The micropipette of five μl was made from 
the micropipette, then the dishes with various dosages of 
ZnO and Bifidobacterium bifidus were extracted, and the 
dishes were allowed for a while before drying. Dishes were 
incubated upside down at 37°C for 24 hours. After incuba-
tion, determine the minimum inhibitory concentration (MIC), 
the lowest concentration of the chemical utilized that did not 
result in noticeable bacterial growth or the development of 
only a small number of bacterial colonies12.

In vitro assessment of the efficacy of ZnoNPs and 
Bifidobacterium bifidus as microbial antibiotics

Fifteen isolates were selected from different stool sam-
ples and tested for the effectiveness of ZnONPs on them, 
as reported in NCCLS (2004), which included: Preparation 
of bacterial suspension from samples treated with the treat-
ment (Bifidibactrium bifidum and ZnO). It was compared 
with the tubes containing McFarland standard (0.5)13 to ob-
tain a dilution of 1.5x 108 colony forming units (CFU/ml) and 
then taken from it (0.1 ml) and planted on (Muller Hinton 
agar) and distributed on the surface of the medium and left 
for 15 minutes. Then, 100 μl of each treatment were added 
to ZnO NPs and Bifidobacterium bifidum at a concentration 
of 2 mg/ml, and the plates were incubated at 37 °C for 24 
hours. Next, the inhibition zone was evaluated14.

Statistical Analysis
The SPSS15, IBM version 20, program was used to per-

form the analysis on the data18. Statistical significance is 
assumed when the p-values are less than 0.05.

Results

Sample distribution
Table (1) shows the growth of anaerobic species from 

stool samples in both gender; 100 stool samples were co-
llected and distributed among 60 males and 40 females. 
Anaerobic samples showed positive growth of gram stain 
on each of Clostridium difficile agar and MacConkey agar 
medium. At the same time, 18% of the samples showed a 
non-bacterial increase, distributed among (55.56%) sam-

ples for males and 8 (44.44%) for females.

Bacterial Isolation
Under anaerobic conditions at 37°C, a hundred patient 

samples were grown on Clostridium difficile agar and Mac-
Conkey agar. It causes bacterial isolates to emerge on 15 
% and 67 % of the total samples on MacConkey agar, res-
pectively, whereas 18 % showed no growth on any of the 
utilized mediums.

Diagnoses of Clostridium difficile
The bacterial isolates appear flat and have a ground-

glass appearance, which is apparent on the Clostridium di-
fficile agar and TCCFA medium. According to the results of 
bacterial transplanting, the bacteria manifested as circular, 
convex colonies with distinct borders and a gray tint. The 
bacteria were positive bacilli according to the results of the 
pigmentation gram stain. The results of biochemical iden-
tification, such as catalase and oxidase, were found to be 
negative, whereas gelatin liquefaction was determined to be 
positive (gelatin liquefaction +ve). In addition, the fermenta-
tive of glucose, fructose, and mannose changed color, indi-
cating positive findings, and the enzymatic reactions were 
negative for casein hydrolysis. Still, positive results for leci-
thinase and lipase were detected for the esculin hydrolysis 
test, as shown in table (2).

Diagnoses of Enterobacteriaceae species
The shape and diameter indicate bacterial isolates 

grown anaerobically on MacConkey agar for 18-24 h  (Fi-
gure. 2) to the following Enterobacteriaceae. The diagnosis 
was based on microscopic examination using Gram stain. 
The appearance of Gram-negative species, which are given 
to these species as references to Enterobacteriaceae. The 
production of the capsule and characteristics of the colony, 
such as mucus and metallic luster, all these parameters 
were used to determine the bacterial genus. The hemolysis, 
catalase, oxidase, urease production, and IMViC test were 
performed, according to (11). The study showed that 100 
samples of cultured stool and 67 samples gave a positive 
culture with enteric isolates bacteria that caused diarrhea in 
patients. The triple sugar iron agar test uses sugar and iron 
to diagnose different types of intestinal bacteria. Containing 
three fermentable sugars, the isolates were diagnosed by 
the appearance of the characterization results. Escheri-
chia coli was a response to Triple Sugar Iron agar. While 
Pseudomonas and Shigella Sonni can't ferment it, the re-
sults are Alk/Alk, Alk/Alk, with no gas and no H2S genera-
tion. K.pneumoniea was also found to alter medium to Acid/
Acid, produce gas, although it was variable (d) to produce 
H2S. While Serriatia marcessens appeared to be Alk/Acid, 
produced gas, and was unable to create H2S. These bac-
teria exploited the egg yolk suspension in the medium to 
produce lecithinase and lipase, which were also employed 
in diagnostics.
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Figure 1. A. Lipase test , B. lecithinase test.

Table 2. Biochemical tests for Clostridium difficile.

Figure 2. Primary, selective and differential media are used for bacterial isolation and identification. 
A-Pink colonies represent lactose fermenter, while pale colonies represent non-lactose fermenter colonies on differential and selective Mac Conkey 
agar media. B- Mucoid characters of Klebsiella spp. on Mac Conkey agar media. C- Organisms such as E. coli and Klebsiella-Enterobacter species 
may utilize more than one carbohydrate and produce bright yellow colonies, species that use non of the carbohydrate produce translucent colonies. 
Most species of Salmonella have red colonies, most with black centers from H2S gas and Citrobacter colonies are yellow with black centers. D- 
Typical strong lactose fermenter, notably E. coli, produce colonies that are green-black with a metallic sheen on Eosin methylene blue agar (EMB). 
E-The clear zone around the swarming colony represents beta-hemolysis on blood agar. F-The opacity around the squeaking culture represents 
lipase producer Serratia marsessence on Sierra media. G-The opacity around the colony represents lecithinase producer bacteria on Egg yolk agar 
media. H- The clear zone on Skim milk agar around the streaking culture represents protease-producing bacteria.
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C. defficile isolated from patients with diarrhea was 
inhibited by ZnoNPs

Table (3) and figure 3 demonstrate the inhibitory effects 
of zinc oxide particles (ZnO NPs) on C. difficile isolates from 
individuals with diarrhea (5). The metronidazole antibiotic 
was chosen for its distinct mode of action against C.diffi-
cile isolated from diarrhea patients, and the outcomes of 
the ZnO NPs inhibition investigation were contrasted with 
those of this drug. Additionally, the diameter of the inhibitory 
zone served as the basis for the measurement (IZD). The 
results demonstrated that, depending on the concentration, 
ZnO NPs could inhibit C.difficile isolates, with a concentra-
tion of 5 mg/ml inhibiting C.difficile isolates with diameters 
ranging from 10 to 22 mm. For the isolates with a concen-
tration of 2.5 mg/ml, the IZD appeared between 8 and 25 
mm. Furthermore, only three isolates with an IZD of 5,10,10 
mm seemed susceptible to ZnONPs at a concentration of 
1.25. While the 0.625 mg/ml concentration of ZnONPs was 
ineffective in suppressing C.difficile isolates.

The C. defficile isolate from diarrhea patients that 
Bifidobacterium bifidum supernatant inhibits

The effect of Bifidobacterium bifidum supernatant on 
the growth of C. difficille isolates from diarrhea patients is 

shown in Table (4). The inhibition zone diameters IZD of B. 
bifidum supernatant were observed to be between 9 and 24 
mm against C.difficile.

Table 3. Inhibition zone diameter in mm of ZnONPs against 
C.difficile isolates.

Figure 3. Zno NPs gradient concentration inhibition growth 
bacteria C. difficile.

Table 4. The size of the B.bifidus supernatant's inhibitory 
zone against C.difficle isolates.

Discussion
There are several reasons, including the growth of ae-

robic bacteria or diarrhea resulting from antibiotics. Despi-
te the tremendous development in diagnostic techniques, 
many of the causes leading to gastroenteritis have not been 
explained to this day16. The other samples from diarrhea 
patients were positive for bacterial growth in 82 %  of ca-
ses. Males had 50 positive samples (60.%), while females 
had 32 (39.02 %), and the male-to-female ratio was 1.2: 
1. These findings were confirmed by (17), who discovered 
that males had 62.26 % diarrhea while females had 37.74 
%. It was also agreed with (17), who discovered that 62 
percent of males and 38 % of girls in hospitals had diarrhea. 
Clostridium difficile isolation from diarrhea is extremely rare, 
owing to the need for a persistent anaerobic environment 
to promote optimum development. Because it prevents the 
growth of normal fecal flora, they used the taurocholate-ce-
foxitin-cycloserine-fructose agar (TCCFA), which is selecti-
ve and differential for C. difficile18. By having both cefoxitin, 
which more broadly prevents the growth of Gram-negative 
and -positive bacteria, and c. difficile and the majority of en-
terococci strains, it can act as a bacteriostat for Gram-ne-
gative bacteria.

However, 67 % of the bacterial isolates appeared on 
MacConkey agar media and appeared in various sizes and 
shapes, indicating that they belonged to the Enterobacteria-
ceae family of bacteria. There are methods for creating and 
counting spore stocks in vitro for various downstream appli-
cations, including microscopy. Since fructose fermentation 
lowers pH and changes the medium's color from red/orange 
to yellow, the pH indicator neutral red can be added18. The 
fermentative results of sugars such as glucose, fructose, 
and mannose led to changed color and were considered po-
sitive findings; these results, which show on the parameters 
above, were conformity for the isolates as C.diffcille19. The 
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breakdown of the lecithin in the egg yolk causes an opaque 
precipitate to develop surrounding the colonies. The Lipa-
se enzyme hydrolyzes the lipids in the egg yolk, giving the 
colony's surface an iridescent shine12. Except for P.flours-
cence, all isolates appear to be negative for this test. The 
gelatin hydrolysis test was also done, and all isolates were 
determined to be negative, except for Serratia marscence, 
which was found to be positive20.

Interest in probiotics' potential to control RV diarrhea 
has grown over the past decades. There is evidence that 
certain Bifidobacterium strains can treat gastroenteritis in 
this situation21,22. However, B. bifidum and other Bifidobac-
terium strains have effectively reduced viral clearance in 
babies, (23) even in mice24. In vitro studies have shown that 
Bifidobacteria and Lactobacillus can inhibit RV infection, for 
example, by interfering in the adhesion step. On the other 
hand, the reduction of viral shedding exerted by Lactoba-
cillus is consistent with other studies, which found that L. 
rhamnosus GG could reduce RV elimination in gnotobio-
tic piglets infected with human RV and in children25. There 
was no previous study, at least locally, that demonstrated 
the ability of ZnONPs to inhibit C.difficile. Still, the ability of 
ZnONPs to inhibit C.difficile isolated from diarrhea patients 
is visible, confirming the ability of these nanoparticles were 
shown to penetrate the cell walls of bacterial isolates, des-
troying cellular activity and causing cell death. The antibac-
terial activities of Zn NPs were investigated by determining 
the lowest inhibitory concentration against E.coli bacteria, 
which was corroborated by (26). Diffusion in the pits was 
used to monitor the antibacterial nanoparticle's quantitative 
assessment, and it was shown that the area of inhibition 
mostly relied on the concentration and agreement with re-
sults by the (14). It showed that bacterial inhibition increa-
sed as ZnO NP concentration was raised. The results were 
also in agreement with (27). The MIC was measured using 
a concentration of ZnONPs of 1.25 mg/ml, and it was dis-
covered that the MIC against C.difficile isolates was 1.25 
mg/ml. While this was discovered, the MBC for the identi-
cal bacterial isolates was 2.5 mg/ml. The capacity of ZnO 
NPs to disrupt the bacterial membrane, resulting in cytosolic 
component leakage and bacterial cell death, is one of the 
mechanisms of bacterial inhibition. The findings were in line 
with those of (28); in dosages of 1.2-1.6 mg/ml, ZnO NPs 
were shown to be more effective at inhibiting V.cholerae and 
Enterotoxigenic Escherichia coli (ETEC)29 discovered that 
Zn NPs had anticoccidial and antioxidant activities in the 
jejunum after infection with Eimeria papillata. Gram-nega-
tive (Escherichia coli) and Gram-positive (Staphylococcus 
epidermis) bacteria were shown to have different antibacte-
rial effects from nanoparticles, with Gram-negative bacteria 
having stronger antimicrobial activity than Gram-positive 
bacteria30. The findings of The inhibitory activity of Bifido-
bacterium bifidum supernatant against C. defficile isolated 
from diarrhea patients concurred with (31) who showed that 
probiotics reduce the risk by 42% compared to advanced 
diarrhea associated with antibiotics. Thus  (32)  who used 
a probiotic B. bifidusm to treat mice infected with H. pylori 
and who used probiotics in the treatment of Clostridium diffi-
cile infection agreed that probiotics were beneficial for both 
adults and children, reducing the risk of diarrhea associated 
with Clostridium difficile by 59.5 and 59.5. 65.9%, respec-
tively. Several variables contribute to the effectiveness of 
Bifidobacterium species. Major Probiotic mechanisms of 
action include competitive exclusion of pathogenic microor-
ganisms, production of anti-microorganism substances, and 

immune system modulation. They also include epithelial ba-
rrier enhancement, increased adhesion to the intestinal mu-
cosa, and concurrent inhibition of pathogen adhesion33,34.

In the previous study, there has been some debate 
about the possibility of using a wide variety of chemicals 
to stop the growth of hazardous microbes. One example of 
this would be the direct effect that Ag and TiO2 nanoparti-
cles had on dangerous bacteria in the earlier study num-
ber35. This would be an illustration of this. The testing of the-
se nanoparticles included the utilization of P. mirabilis and P. 
vulgaris, examples of bacteria that can be dangerous to hu-
mans. On the other hand, several studies have shown that 
treating harmful bacteria with therapy that involves physical 
forces, such as audible noises and magnetic fields, can help 
diminish the resistance of S. aureus to infection36. Several 
different researchers carried out these studies. A wide ran-
ge of researchers from a variety of institutions carried out 
these investigations. Due to the researchers' efforts, this 
discovery was made.

Conclusions
When C. difficile was grown in isolation from diarrhea, 

our findings led us to the conclusion that zinc oxide nano-
particles and probiotics both have a good effect in preven-
ting the growth of the pathogen. This assumption was pro-
ven beyond a reasonable doubt by the use of an approach 
known as good diffusion in the pits. It was discovered in the 
lab that increasing the concentration leads to a bigger in-
crease in the total quantity of inhibition that can be seen on 
the plate. This was one of the discoveries made. Both the 
bacteria that are responsible for diarrhea and the bacteria 
that are isolated from diarrhea are candidates for therapy 
with a variety of enhancers and nanomaterial, according to 
the research group that conducted the study.
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