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ABSTRACT

This research tried to evaluate the inhibitory activity of some natural, nontoxic, and
inexpensive materials such as lodized Salt (IS), Concentrated Natural Lemon Juice (CNLJ) and
combination of both on one month old biofilm formed on 2cm? of cutting board. The treatment
period ranged from 24 to 72 hours and the results shows that the combination of (IS+CNLJ) for 24
hours have a cidal effect on all microorganisms that formed biofilm on cutting board. Streptococcus
pneumonae, E.coli, Klebsiella spp., Proteus vulgaris, Salmonella spp., Staphylococcus spp.,
Pseudmonas spp., Listeria spp. and Candida spp. were isolated from cutting board, Knives, hands
and inner surface of plastic container with different percentage ranging from 1.4%to 15.4%.
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INTRODUCTION

Biofilms are collective of one or more types of microorganisms that can grow on many
different surfaces. Microorganisms that form biofilms include bacteria, fungi and protists.
(Vidyasagar, 2016).

In their natural environments, fish are exposed to myriad of microorganisms some of which
compromise the shelf life of the product and/or safety in human (Martha et al., 2012). The
contamination occurs naturally from the environment where fish are harvested, during harvesting,
processing or during food preparation, while cross contamination occur during food processing and
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preparation where bacteria are transferred from raw fish and/ or contaminated safe food, also
contaminated water may introduce pathogen into foods (Wekell et al., 1994).

The formation of a microbial biofilm on the surface of fish processing equipment increases
the threat of a cross over contamination of the product (Kusumaningrum et al., 2003). Different fish
processing establishment have different ways of cleaning and washing their equipment, water
temperature, water hardness, acidity, surface material of equipment, type of detergent or
disinfectant and their concentration are examples of variable that are likely different in each plant
and between countries (Guobjornsdottir et al., 2005).

In Irag, there is no fish processing factories or plants, but there are many small shops with
very simple equipments like small cutting boards (made of rubber), stainless steel knifes, the sellers
store new harvested fish in a plastic containers and they use their necked hands without cloves, they
did not use any detergent to clean these equipment just washing them with water, therefore our
study aimed to screen about biofilm forming microorganisms and trying to treat formed biofilms on
the cutting board, by using natural material (Lemon juice and lodize salt) for the first time locally.

MATERIALS AND METHODS

Materials

Media: many selective and differential media were used in this study to isolate and identify the
biofilm forming microorganisms, these media were: Blood agar (BA). Cetramide Agar, MacConkey
Agar (MA), Sabroid Dextrose Agar (SDA), Manitol Salt Agar (MSA), Triple Sugar Iron Agar
(TSIA), Salmonella-Shigella Agar (SSA), Peptone water, Urea Agar Base. Simon Citrate Agar,
Carry Blair transport media (Commercial).

All these media were prepared as mentioned in (Cruikshank et al., 1975).

Gram s stain: prepared as described by Prescott et al., (1996)
Treatment materials
-Concentrated Natural lemon Juice (CNLJ) locally prepared.
-lodized salt (Turkey) its contents:
1-Refined salt (Sodium Chloride)
2-Grounding preventer material (potassium ferrosiyanid e53).
3-Potassium iodide 25-40 mg/kg.
- Combination between (CNLJ and IS).
Methods
Samples collection

Forty (40) swabs were taken from fish contact surfaces including:
Cutting boards (made of rubber), Stainless steel knives, Sellers hands, Inner surfaces of plastic
containers that used for new harvested fish preserving.

These samples were taken from ten fish sailing shops selected for this study.
Microbiological study

The samples were transported to the laboratory during one hour. All swabs were cultured on

(BA), (MA), (MSA), (S.S.A.), cetramide agar and (SDA). The incubated aerobically at 37* for 24,

and 48 hours.
Smears from colonies on each media were done and stained with gram' s stain and examined by
light microscope with oil immersion lens.

Identification of isolates were done depending on biochemical test (TSI, IMVIC, urea
production and oxidase test) as described by Steve and Dennis (2001).

Screening about biofilm forming microorganisms on cutting board and treatment method:
A. Biofilm forming microorganisms:

One cm? of cutting board was cut from one month used cutting board for screening about
biofilm forming microorganisms. Samples were taken by using sterile cotton swab and cultured on
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(BA), (MA), (MSA), (S.S.A), (SDA) and cetramide agar then incubated at 37°C for 24 and 48

hours and the results were recorded.
B. Biofilm treatment:
Three samples of 2cm?® from the same cutting board were taken and each one was immersed
separately for 24, 48 and 72 hours as a period of treatment in:
1. 20 gram of iodized salt(IS)
2. 20 ml of concentrated natural lemon juice (CNLJ)
3. 20 gram of (1S)+20 ml of (CNLJ).
After every period of treatment the samples were washed thoroughly with sterile normal
saline and screening test about survival microorganisms were done by using sterile cotton swabs

and cultured on (BA), (MA), (MSA), (S.S.A), (SDA) and cetramide agar, incubated them at 37°C
for 24 and 48 hours and the results were recorded.

RESULTS AND DISCUSSION

The results in Fig. (1 A, B, C, D) showed that the higher percentage of bacterial existence
belong to Streptococcus pneumoniae, E.coli, Klebsiella spp. and Proteus vulgaris with 14.0% on
cutting board, 14.4% on knives, 15.4 % hands and 14.0 % on The inner surface of plastic
containers, followed by Samonella spp. 14.0%, 13.0 %, 15.4% and 14.0 on the same surface
respectively while Staphylococcus spp. percent were 12.6%, 11.5%, 12.3% and 12.6% then
Pseudomonas spp. 11.2%, 8.7%, 3.0% and 5.6%, followed by Listeria spp. with 1.4%, 2.8%, 1.5%
8.4% respectively.

Candida spp. showed a higher percent on hands 6.1%, then 5.8% on knives, while on cutting
board it represent 4.2% and 2.8% on the inner surface of a plastic containers.

In fish processing plants, microorganisms could attach themselves on surfaces and form
biofilms, in the presence of required nutrients, minerals and organic matter (Kariyawasam and
Jayasooriya, 2006).

The results of multi species and genuses in this study are agreed with Goller and Romeo,
(2008) when they referred that the biofilms in nature are generally multispecies, spatial and
metabolic interaction between species contribute to the organization of multispecies biofilm and the

production of dynamic local environment.

Bagge et al., (2001) found that the materials of the surfaces were, Teflon , PVC, and PVDE
(kynar) and anywhere that had continuous contact with products is possible especially where
surfaces irregularities occur.

Cross contamination occurs when cells detached from biofilm structure once food passes
over contaminated surfaces or through aerosols originated from contaminated equipment
(Rodrigues et al. 2011), therefore the same microorganisms were isolated from cutting board,

knives, hands , and plastic containers in this study.

Although the earliest reports on pneumococcal biofilms go back 10 years or more. The last 5
years have seen an increase in the number of studies examining pneumococcal biofilms at the
structural and genetic level (Shikongon et al., 2010). Campylobacter and Salmonella are leading
causes illnesses worldwide, vastly harbored by raw meat as their common food reservoir. Both
microbes are prevalent in meat processing environment in the form of biofilms that contribute to
cross-contamination and food borne infection (Jiaqi et al., 2017).

In biofilms bacterial pathogens can form part of biofilms and pose a challenge to public health
and food shelf life as well as safety like E.coli, Pseudomonas aeruginosa, S.almonella spp. and
Listeria monocytogenes (Reisner et al., 2006).
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Brook and Flint (2008), Referred in their study that the poor sanitation of food contact surface
is believed to be an essential contributing factor in food borne disease outbreaks, especially those
involving Listeria monocytogenes and Salmonella spp.

Reynisson et al., (2009) found that Klebsiella spp. Composed of 3% of species composition
of cultured isolates from bacterial biofilms from fish processing surfaces while Moretro et al.,
(2003) found that Staphylococcus spp. are able to form biofilm on food and food processing
environment.

About the existence of Candida spp. in the biofilm, Baillie and Douglas (1999) illustrated that
the biofilm of Candida albicans usually consist of a mixture of yeast, hyphae, and pseudohyphae
and may have a basal yeast layer that anchor the biofilm to the surface.

Some bacteria are able to form biofilm in isolation, while others establish synergistic
association termed co-aggregates, in which one organism acts as a primary attachment candidate
and exopolysaccharide producers providing a favorable environment and protection for the other
species (Palmer et al., 2007).
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Fig. 1: Percentages of bacterial existence on different surfaces

The results in (Tablel) showed treatment materials which used to treat a biofilm on cutting
board with (IS), (CNLJ) and (IS+CNLJ) for three periods 24.48, and 72 hours.

As shown in Table (1) Listeria spp., E.coli, and Klebsiella spp. were grow after 24 hours of
immersing the cutting board in (IS) and (CNLJ) separately, but, there was no growth after treatment
with the combination of (IS+CNLJ) for the same period, also there was no growth for these bacteria
after 48 and 72 hours of immersing in (IS) and (CNLJ) separately.

Proteus vulgaris and Salmonella spp. shows no growth after treatment for the three periods of
immersing except the treatment (CNLJ) after 24 hours as it illustrated in (Table 1), this result may
be also due to slow penetration of (CNLJ) to the bifilm layer and the high effect of (IS) through 24
hours on the cells of these microorganisms.

All microorganisms in this study could not grow (survive) after treatment with the
combination of (I1S) and (CNLJ) after 24 hours of immersing as it illustrated in table 1 and this
result as it noted in Fig.(2) represented by 0% of microorganisms survival percent, this typical result
may due to the mechanisms of antibiofilm treatment materials, starting with dehydration of the
moisture nature of biofilm, osmotic effect of (IS), and the effect of the low pH of (CNLJ) on
lipopolysaccahride and lipoprotein of microorganism.

In this study there was an attempt to remove a mature biofilm (one month old) from cutting
board by using a natural, inexpensive, and available materials as a disinfectant.

It is necessary to clean and sanitize the equipment properly especially those that in contact
with the product for a long period of time after each processing cycle to minimize the biofilm
formation, pH of the acid solutions must be monitored below 2 to hydrolyze the polysaccharide
coating that protect the biofilm (Edstrom, 2003).

Nack et al., (2009) found that weak organic acid like lactic acid and combinations are
effective bacterial agents against planktonic gram negative and gram positive multiresistance
bacteria, enhanced efficacy with gram negative bacteria is probably due to their lipopolysaccharide
layer, which is more permeable to acids due to the acid soluble lipids components, and these weak
organic acid alone or in combination are also capable to penetrate into biofilms, increasing their
potential to be used as sanitizer.

All microbial biofilm consist of either a single layer of attached cells or may be defined three
dimentional structure with species specific architectural organization that may or may not consist of
microcolonies interspersed by water channels, the architectural of a mature biofilm depends on the
hydrodynamics of the surrounding fluid (Chemielewski and Frank, 2003), therefore (1S) can control
on this hydrodynamics by drying these water channels and this mechanism well be destroy the
architecture of mature biofilm as well as osmotic effect of (IS) on microorganisms cells.

These results may be due to the old age of biofilm (one month old) which protect biofilm by
slowing the penetration of treatment materials and when treatment periods were extended to 48 and
72 hours, these materials were penetrated the layer of biofilm and inhibit the growth of these
microorganisms, and this is the advantage of using a natural components as antibiofilm material
because there is no side effect on the products or human unlike the treatment with chemical or
physical materials.

It is important to use lower concentration of chemical and physical disinfectant and short
contact time in food, food plants, and water sanitation because of their side effect like leaving
potential carcinogens in environment when chlorine, H,O, and ozone used (Chawla, 2006).
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Table 1: Treatment materials which used to treat a biofilm Forming M.O. on cutting board
for three periods 24.48, and 72 hours

Duration of treatment / hours
24 48 72
Treatment IS+
_ . IS CNLJ CNLJ IS CNLJ IS CNLJ
microorganisms
Listeria Spp. + + - - _ - N
Staphylococcus Spp. + + - + ¥ n n
Streptococcus pneumonae + + - + ¥ ¥ n
E. Coli + + - - - - ;
Klebsiella Spp. + + - - - _ N
Proteus vulgaris - + - - - - ;
Pseudomonas Spp. - + - - - _ -
Salmonella Spp. - - -

Candida Spp. + + - + ¥ T n

IS: lodized Salt, CNLJ: Concentrated Natural Lemon Juice
+: Growth, -: No growth.

In Fig. (2) the results of survival percentage showed high value 88.8% when (CNLJ) was used
for 24 hours then 66.6% when (1S) was used for the same period.

These results were decreased to 33.3% when (IS) and (CNLJ) used separately for 48 and 72
hours, these results may be due to long contact periods between treatment material and biofilm
matrix or due to some survival strategies that used from microorganisms to persist against treatment
materials.

It has been suggested that such persistence is likely due to physical adaptation of cells in
biofilms, particularly resistance to cleaning and sanitizing regimes, since it is generally accepted
and well documented that cells within a biofilm are more resistance to biocides than their
planktonic counter parts (Carpenter and Cerf, 1993).

Staphylococcus spp. was one of the surviving microorganisms (Candida spp. and
streptococcus pneumoniae) and according to Moretro et al., (2003), when they examined the ability
of staphylococcus isolates from food and food processing environments to form biofilms, they
found that these strains formed thicker layers of biofilm when sodium chloride or glucose was
added to the medium. The other reason may be due to the type of extra polysaccharide (EPS) that
supposed to be the main cement for cells in biofilm, the types of EPS vary from organism to other
(Sutherland, 2001). It is strongly believed that the ability of salmonella spp. to form biofilms on
inanimate surfaces contribute to its survival and persistence in non-host environments and its
transmission to new hosts, to this direction (Vestby et al., 2009) found a correlation between the
biofilm formation capacity of I1l salmonella strains isolated from feed and fish meat factories and
their persistence in the factory environment.
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Fig. 2: Survival percentages in different materials

Moretro et al., (2009) found that nine disinfectants commonly used in the food industry and
efficient against planktonic cells, showed a bactericidal effect that varied considerably for biofilm
grown cells with products containing 70% ethanol being most effect.

Other studies similarly indicated that compared to planktonic cells, biofilm cells of
Salmonella and proteus spp. were more resistant to trisodium phosphate, chlorine, and iodine
(Scher et al., 2005; Joseph et al., 2001).

Although of Langsrud et al., (2003) openions about pseudomonas spp. resistance mechanisms
against antimicrobial component commonly used in disinfectant such quaternary ammonium
compound, this study was able to control on pseudomonas spp. growth by using a natural materials
and the results showed no growth of this microorganisms during the three periods of treatment.

The failure of Candida spp., Staphylococcus spp., and Streptococcus pneumonia to be treated
by (CNLJ) and (IS) separately for 24, 48 and 72 hours as it illustrated in table 1 may be due to many
reasons like the penetration mechanisms of these materials because of thick layers of
extrapolysaccharide which surrounded these microbial cells and prevent them from any disinfectant
and if we supposed that these materials were penetrated the layers of biofilm, the microorganisms
may be adapted to survive in these concentrated treatment materials.

Mixed Candida-Staphylococcus biofilms are similarly resistance to some of antimicrobial
agents like fluconazole and there is evidence that the bacteria can enhance Candida resistance
(Adam et al., 2002).

Gilbert et al., in (2002) have another idea about the mechanisms of biofilm resistance to
antimicrobial agents when they said that these mechanisms are not fully understood, there is one
long-standing hypothesis for the resistance of bacterial biofilms is that the matrix material restricts
drug penetration by forming a reaction -diffusion barrier, and that only the surface layers of a
biofilm are exposed to a lethal dose of antimicrobial agents, the extent to which the matrix acts as a
barrier to drug diffusion would depend on the chemical nature of both the antimicrobial agent and
matrix material (Shigeta et al., 1997).

The heterogenous nature of biofilm that consist of cells representing a wide variety of
different metabolic states allows cells to survive a metabolically direct attack. (Costerton et al.,
1999).
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CONCLUSION
Locally, for the first time; combination of lodized salt and natural lemon juice were found to
have exceptionally cidal effect on the one month old biofilm forming microorganisms harbored on
fresh fish cutting board during a period of 24 hours.

REFERENCES

Adam, B.; Baillie, G.S.; Douglas, L.J. (2002). Mixed Species biofilm of Candida albicans and
Staphylococcus epidermidis. J. Med. Microbiol. 51, 344-349.

Bagge, D.; Hjelm, M.; Johansen C.; Hubern, I.; Gram, I. (2001). Shwanella putrefaciens adhesion
and biofilm formation on food processing surfaces. App. Environ. Microbiol. 57(5), 2319-
2325.

Baillie, G.S.; Douglas L.J. (1999). Iron Limited biofilms of Candida albicans and Their
susceptibility to amphotricin B. Antimicrob Agents chemoth. 42,2146-2149.

Brook, J.D.; Flint, S.H. (2008). Biofilms in The food industry: problems and potential solutions. Int.
J. Food Sci. Technol. 43,2163-2176.

Carpenter, B.; Cerf, O. (1993). Biofilms and their consequences with particular reference to hygiene
in the food industry. J. App. Bacteriol., 75,499-551.

Chawla, A.S. (2006). Application of Ozonated water Technology for improving Quality and safety
of peeled shrimp meat (M.Sc. thesis) Louisiana Mechanical College, USA.

Chmielewsky, R.A.N.; Frank, J.F. (2003). Biofilm formation and control in food processing
facilities. Comprehensive Rev. Food Sci. Food Safety, 2, 22-31.

Costerton J.W.; Stwart, P.S.; Greenberg, E.P. (1999). Bacterial biofilms: A common cause of
persistent infections. Sci., 284 (5418). pp. 1318-1322.

Cruickshank, R.; Duguid, J.P.; Marimn, B.P.; Swain, R.H.A. (1975). "Medical Microbiology". Vol.
2, The practice of Medical Microbiology.12™ ed., Churchill Lying stone, London.

Edstrom, E. (2003). Preventing animal drinking water Emergencies. Edstrom Industry laboratory
animal management association (LAMA) 7500 flying cloud Dr. suite 900 Eden Prairie,
MN55344.

Gilbert, P.; Maira, T.; McBain, A.J.; Rickard, A.H.; Whyte, F.W. (2002). The Physiology and
collective recalcitrance of microbial biofilm communities. J. Adv. Microb. Physiol. 46,
203-256.

Goller, C.C.; Romeo, T. (2008). Environmental influences on biofilm development. Current Topics
in Microbiol. Immuno., 322, 37-66.

Guobjornsdottir, B.; Einarsson, H.; Thorkelsson, G. (2005). Microbial adhesion to processing Lines
for Fish fillets and cooked shrimp: influence of stainless steel surface finish and presence
of Gram negative bacteria on the attachment of listeria monocytogenes. Food Technol.
Biotechnol. 43, pp.55-61.

Jiaqi, L.; Jinsong, F.; Lina, M.; Cesard, D.; La, F.; Nunez, C.; Xiaonan, L. (2017). Effect of meat
juice on biofilm formation of campylobacter and Salmonella. Int. J. food Microbiol. 253,
20-28.

Joseph, B.; Otta. S.K.; Karunasagar, I. (2001). Biofilm formation by Salmonella spp. on food
contact surface and their sensitivity to sanitizers. Int. J. food Microbiol. 64(3), 367-372.

Kariyawasam, M.G.l.U.; J.A. Jayasooriya, S.P. (2006). Apreliminary stand on the presence of
biofilms on food contact surfaces in selected Sri Lankan fish and shrimp processing
factories: setbacks in currerri cleaning process., Sri Lanka J. Aquat. Sci. 11, 75-83.

Kusumaningrum, H.D.; Riboldi G.; Hazeleger W.C.; Beumer R.R. (2003). Survival of foodborn
pathogens on stainless steel surfaces and cross- contamination to foods, Int. J. Food
Microbiol. 85, 227-236.



Evaluation of Inhibitory................ 34

Langsrud, S.; Sundheim, G.; Borgmann, R.(2003). Intrisic and acquired resistance quaternary
ammonium compounds in food —related Pseudomonas spp. J. App. Microbiol. 95, 873-
882.

Martha, S.; Abraham, S.; Martin, B.S. (2012). Control of bacterial contamination during marine fish
science. J. Bio. Life Sci., 3 (1), 2157-6076.

Moretro T.; Vestby, L.K.; Nesse L.L.; storheim, S.E.; Kotlariz, K.; Langsured, S. (2009).
Evaluation of efficacy of Disinfectant against Salmonella from feed industry. J. App.
Microbiol. 106, (3),1005-1012.

Moretro, T.; Hermansen, L.; Holck, Al.; Sidhu, M.S.; Rudi, K.; Langsurd, S. (2003). Biofilm
formation and the presence of the intracellular adhesion locus ica among Staphylococci
from food and food processing environments. Appl. Environ. Microbiol, 69(9), 5648-5655.

Nack, Z.; Stenos, J.; Dunstan, H.; Graves, S. (2009). Efficacy of selected weak organic acids against
multiantibiotic-resistant planktonic and biofilm bacteria. 19" European congress of
clinical Microbiology and infectious diseases.

Palmer, J.; Flint, S.; Brook, J.D. (2007). Bacterial cell attachment, The beginning of a biofilm. J.
Indian Microbiol. Biotechnol. 34 (9), 577-588.

Prescott, L.M.; Harley, J.P.; klein, D.A. (1996). Microbiology. 3" ed, Wmc. Brown communication
Inc, lowa. USA.

Reisner, A.; Krgfelt, k.A.; Klen, B.M.; Zechner, E.L.; Molin, S. (2006). Invitro Biofilm formation
of Commensal and pathogenic E.coli strains: Impact on Environmental and Genetic
factors. J. Bacteriol. 188 (10), 3572-3581.

Reynisson, E.; Birna, G.; Viggopor, M.; Guomundur, O.H. (2009). Decotamination Efficiency of
fish bacteial Flora From processing surfaces. Food technol. Biotechnol. 47(1, 5-82.
Rodrigues, D.; Teixeira, p.; Oliveira, R.; Azerdo, J. (2011). Salmonella enterca, Enteritdis biofilm
Formation and viability on regular and triclosan—impregneted bench cover materials. J.

Food Protec. 74(1),32-37.

Scher. K.; Romling, U.; Yarson, S. (2005). Effect of heat, Acidification and chlorination of
Salmonella enterica Typhimurium cells in a biofilm formed at the air —liquid interface.
App. Environ. Microbiol. 71(3), 1163-1168.

Shigeta, M.; Tanaka, G.; Komatsuzawa, H.; Sugai, M.; Suginaka, M.; Uisui, T. (1997). Permation
of antimicrobial agents though Pseudomonas aeruginosa biofilms: a simple method. J.
Chemother. (Basel). 43, 340-345.

Shikongon, M.N.N.N.; Kachigunda B.; Venter, S.N. (2010). Evaluation of oxidizing disinfectant to
control vibrio biofilms in treated seawater used for fish processing. Available on website:
http://www.wtc.org.za.

Steve, K.A.; Dennis S. (2001). Microbiology: A photographic Atlas for the laboratory, Benjamin
cummings, an imprint of Addison Wesley longman, Inc.

Sutherland, 1. (2001). Biofilm Exopolysaccharides: A strong and sticky framework. Microbiol.
47(1), 3-9.

Vestby, L.K.; Moretro, T.; Langsured, S.; Heir, E.; Nesse, L. (2009). Biofilm forming abilities of
Salmonella are correlated with persistence in fish meat —and feed factories. BMC
Veternary Research, 5(20).

Vidyasagar, Aparna (2016). What are biofilm?, Live Science contributor, ET, 135-53. Available on
https://www. livescience. com.

Wekell, M.M.; Manger, R.; Kolburn, K.; Adam, A.; Hill, W. (1994). Miceobiological quality of
seafood: viruses, bacteria and parasites. Seafood's Chem. Proc. Technol. Quality. pp. 220 —
232.



http://www.wtc.org.za/
https://www/

