
J Food Process Preserv. 2021;00:e15991.	 wileyonlinelibrary.com/journal/jfpp	 	 | 	1 of 7
https://doi.org/10.1111/jfpp.15991

© 2021 Wiley Periodicals LLC.

1  | INTRODUC TION

Recently, the presence of antibiotic residues has been considered by re-
searchers worldwide and has been raised as one of the most important 
challenges encountered (Baeza et al., 2016; Kjeldgaard et al., 2012). The 
World Health Organization (WHO), the American Medical Association, 
and the American Public Health Association called for a ban on anti-
biotics because these compounds cause various health problems in 
humans	 (Bacanlı	 &	Başaran,	 2019;	 Comunian	 et	 al.,	 2010).	 The	 FAO	
cites antibiotic residues as a threat and makes a unique effort to help 

governments, manufacturers, traders, and others to adopt facilities 
to	minimize	antibiotic	use	(FAO,	2016).	Antibiotic	residues	caused	sig-
nificant challenges in various areas of human life, such as allergic re-
actions, bacterial resistance, disruption of the normal microflora of 
the gastrointestinal tract, carcinogenicity, mutations, and humans’ 
malformations. It should be noted that ribosomes are the main target 
of most antibiotics. On the other hand, the presence of antibiotics in 
the food industry, especially among fermented foods such as meat and 
dairy products, cheese, and yogurt, causes adverse effects on starter 
culture	and	probiotic	bacteria	(Ashraf	&	Shah,	2011;	Moghadam,	2016;	
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Abstract
Probiotics are useful microorganisms with health effects. Although the probiotic in-
dustry has grown dramatically over the past decade, their survival is still challenging. 
Also, the residual of antibiotics is considered a serious problem with major health 
and technological problems in the fermented food industry. In this study, the biofilm 
technique was examined as a practical solution for increasing viability. The biofilm 
of Lactobacillus rhamnosus and Lactobacillus plantarum are formed in the culture me-
dium (using microtiter plate biofilm method) and yogurt (in containers). The antibiotic 
susceptibility of probiotics to enrofloxacin, sulfadimidine, tetracycline, and oxytetra-
cycline were studied. The results showed that enrofloxacin, the strongest antibiotic, 
reduces the bacterial population in the biofilm form only 2.6 log. In contrast, the 
population	of	bacteria	reduced	by	about	8	log	in	plankton	form.	Therefore,	biofilm	
techniques can be introduced as a survival strategy for the food and pharmaceutical 
industry.

Practical applications
As a new and innovative approach, the biofilm method can lead to a new genera-
tion of probiotics, which can significantly protect probiotics against environmental 
stress and antibiotic residues and significantly affect their survival. The formation 
of biofilm by probiotics is a unique feature that is inherently bacterial and is a natu-
ral and low- cost method that can upgrade the long- term sustainability of probiotics. 
Therefore, biofilm can be commercially used to create new capacity in food and re-
lated industries.
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Movassagh	&	Karami,	2011;	Nguyen	et	al.,	2014;	Rahman	et	al.,	2021).	
In addition, with the development of the probiotic industry, having a 
large share of the global trade market, a new challenge has arisen that 
is the use of probiotics in products containing antibiotic residues be-
cause the most important issue facing probiotics is their survival, which 
is still challenging (Kellnerová et al., 2015; Mahendradatta et al., 2007; 
Mohan	et	al.,	2020;	Rowles,	2017;	Shori	et	al.,	2018).	Probiotic	survival	
is	significant	from	several	perspectives.	First,	survival	during	the	prod-
uct’s storage and process; second, survival while passing through the 
gastrointestinal tract and inside the gastrointestinal tract; and third, sur-
vival	against	antibiotic	residues	(Shori	et	al.,	2018).	In	the	past	few	years,	
second-  and third- generation probiotics have been developed through 
encapsulation and trapping bacteria in synthetic and natural polymer 
compounds	to	 increase	viability	 (Afzaal	et	al.,	2019;	Gul,	2017;	Salas-	
Jara	et	al.,	2016;	Singh	et	al.,	2019).	Bacterial	biofilm	seems	to	be	able	
to troubleshoot the survival problem because this phenomenon is a 
simple, convenient, and natural technique for bacteria’s durability when 
exposed to environmental stress. Biofilm is a complex and completely 
natural structure that contains extracellular polysaccharide com-
pounds, having a protective effect when faced with stress and extreme 
conditions. Hydrophobic polysaccharides restrict antibiotic entry and 
absorption into the network of biofilm and protect bacteria against the 
adverse effects of these antibacterial compounds (Aoudia et al., 2016; 
Grossova	et	al.,	2017;	Zhang	et	al.,	2013).	So,	inspired	by	biofilm’s	pro-
tective structure against many environmental stresses, this study was 
designed to use this natural phenomenon to strengthen probiotic bac-
teria	and	increase	their	survival	against	antibiotics.	Creating	biofilm	by	
bacteria is an innate strategy to maintain the bacterial community’s sur-
vival against environmental stresses and antibiotic residues.

2  | MATERIAL S AND METHODS

2.1 | Materials

2.1.1 | Starter	culture	and	inoculum	preparation

Lyophilized culture of Lactobacillus plantarum and Lactobacillus rham-
nosus isolated from pickled cabbage was obtained from the Iranian 
Research	 Organization	 for	 Science	 and	 Technology.	 The	 microbial	
culture was activated according to the company’s instructions. The 
activated	bacteria	were	transferred	into	De	Man,	Rogosa,	and	Sharpe	
agar	(MRS)	(Oxoid,	Milan,	Italy)	and	incubated	under	anaerobic	condi-
tions	at	37℃	for	48–	72	hr.	The	colonies	were	collected	with	a	sterilized	
loop and suspended in sterile distilled water. The bacterial suspension 
was adjusted to (109	 CFU/ml)	 by	 Spectrophotometers—	UV	 Visible	
(Mecasys, Korea) to reach a target inoculum.

2.1.2 | Preparation	of	antibiotics

Four	widely	used	antibiotics	were	purchased	from	veterinary	phar-
macies, including tetracycline, oxytetracycline, sulfadimidine, and 

enrofloxacin.	Several	concentrations	(1,	2,	4,	8,	16,	32,	64,	128,	256,	
512,	and	1,024	µg/ml) were prepared according to the active ingredi-
ent	of	each	antibiotic	(Zhang	et	al.,	2013).

2.2 | Methods

2.2.1 | Biofilm	assay	on	polystyrene	microplates

One milliliter of strain suspension (1.5 × 109	CFU/ml)	was	inoculated	
with	9	ml	of	 fresh	MRS	broth	 culture	 and	dispensed	per	well	 in	 a	
24	well	microplate;	 then,	 it	was	 incubated	at	30℃	 for	48	hr.	After	
incubation, the medium was removed from each well, and the plates 
were washed twice to remove planktonic cells attached to the bio-
film	(Figure	1;	Aoudia	et	al.,	2016).

2.3 | Determination of minimum inhibitory 
concentration of antibiotic (MIC)

One hundred eighty microliters of culture medium containing 
1.5 × 109	CFU/ml	from	each	strain	were	poured	into	each	well.	Then,	
20 µl of each antibiotic concentration was added and incubated for 
48	 hr	 at	 30℃. After incubation, the culture medium was drained 
from	the	wells	and	washed	twice	with	0.5	ml	of	150	mM	NaCl	solu-
tion.	The	microplate	was	then	stained	for	45	min	with	1	ml	of	0.05%	
(vol/vol) of crystalline violet solution and washed twice. One milli-
liter	of	96%	ethanol	(vol/vol)	was	added	to	each	well,	and	the	optical	
density	was	determined	at	595	nm	(Fricks-	Lima	et	al.,	2011).

2.4 | Biofilm formation in polystyrene containers

The biofilm formation method was developed and performing 
several experiments to produce biofilm in the milk environment. 
Eighteen	milliliter	of	pasteurized	fresh	milk	containing	3%	fat	were	
inoculated with 2 ml of strains suspension (1.5 × 109	CFU/ml)	 in	a	
polystyrene container, the container used in this study had a diam-
eter of 65 mm, a height of 55 mm, a volume of 150 ml, and a tightly 
closed	 lid.	Then,	 it	was	 incubated	for	48	hr	at	30℃.	Finally,	 it	was	
kept	at	4℃ after washing (Aoudia et al., 2016).

F I G U R E  1   Biofilm formation in a container, (a) Lactobacillus 
rhamnosus and (b) Lactobacillus plantarum
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2.5 | Determination of viability of probiotic 
microorganisms in biofilm

The viability of Lactobacillus strains in the biofilms was tested in the 
storage	period	(3	days)	at	4℃.	For	each	test,	1	g	of	the	biofilm	samples	
(1 ml) of each biofilm solution was mixed with 9 ml of sterile peptone 
water (1 g/L). After sequential dilutions, appropriate dilutions were 
plated	on	set	MRS.	Then,	 they	were	 incubated	 in	an	anaerobic	 jar	
with	C	type	gas	pack	sachet	(Merck	KGaA,	Darmstadt,	Germany)	at	
37℃ for 72 hr. The total counts of the viable bacteria were reported 
as	logarithmic	colony	forming	units	per	gram	(log	CFU/g).	All	the	ex-
periments were performed in triplicate, which means that each ex-
periment was repeated at least three times (Li et al., 2017).

2.6 | Evaluation of antibiotic susceptibility of 
probiotics in biofilm and planktonic forms in yogurt 
containing antibiotics

Fresh	milk	with	3%	fat	was	heated	at	92℃ for 10 min. It was then 
cooled	to	42℃, and a micro milk brand yogurt starter was added to 
it	 (3.6%	wt/vol).	The	 last	concentration	of	each	antibiotic	 that	 the	
probiotics could not grow in the previous step was prepared. It was 
then added to the milk and mixed thoroughly. 100 ml of antibiotic- 
contaminated milk was added to each container containing the bio-
film	 (Figure	2(c)).	Also,	 in	planktonic	 samples,	1	ml	of	 the	 solution	
with 1.5 × 109	CFU/ml	of	strains	was	added	to	9	ml	of	milk	 (10	to	
90	ml	of	antibiotic-	contaminated	milk;	Figure	2(a)).	The	control	sam-
ple	 was	 antibiotic-	free	 yogurt	 containing	 biofilm	 (Figure	 2(b)).	 All	
samples	were	incubated	at	42℃	till	the	pH	reached	4.6	then	stored	
at	4℃	to	be	assessed	(Li	et	al.,	2017;	Yangilar	&	Yildiz,	2018).

2.7 | Enumeration of probiotic cells in 
planktonic and biofilm form in yogurt

The evaluation of probiotic microorganisms was performed by the 
spread plate method. After biofilm formation, the viable probiotic 
bacteria	were	plated	on	MRS	agar	containing	10	mg/L	of	vancomycin	
using	spread	plate	method	at	intervals	of	1,	2and	3	days	of	incuba-
tion	in	triplicate	and	determined	after	incubating	at	37℃ for 72 hr. 

The identification of Lactobacills strains was based on colony mor-
phology (Li et al., 2017).

2.8 | Biofilms microstructure

Biofilm	was	fixed	in	2.5%	glutaraldehyde	solution	and	10	mM	sodium	
cacodylate	buffer	for	4	hr	at	4℃. It was then washed three times for 
15 min in the sodium cacodylate sodium buffer with gentle mixing 
at	 room	 temperature.	 Subsequently,	 it	was	 dehydrated	 in	 a	 graded	
ethanol	series	(50%,	70%,	80%,	90%,	95%,	and	100%).	The	samples	
were placed on a special stub of the SEM device and then air- dried. 
Next,	they	were	coated	with	Au-	Pb	(gold-	palladium)	for	18	s	using	the	
SC7620	Sputter	Coater	(UK).	Afterward,	it	was	examined	by	SEM de-
vice	model	LEO1450Vp	made	in	Germany	with	a	resolution	of	2.5	nm	
and	a	maximum	voltage	of	35	kW.	Images	were	taken	at	20	kW	at	vari-
ous	magnifications	(Figures	3	and	4)	(Kubota	et	al.,	2008).

2.9 | Statistical analysis

The experiment was performed according to a completely randomized 
factorial	design	with	three	replications.	Analysis	of	variance	(ANOVA)	
was performed using Minitab software (Minitab Release 19, Minitab 
Inc.,	and	the	USA).	The	Tukey	method	was	used	at	a	5%	significance	
level to compare the significant differences in treatment means.

3  | RESULTS

3.1 | Determination of minimum inhibitory 
concentration of antibiotic (MIC)

The results showed that enrofloxacin acted as the strongest antibi-
otics on the growth of the bacteria and could limit the growth of L. 
rhamnosus at 256 μg/ml and the growth of L. plantarum at 16 μg/ml. 
Both bacteria grew very poorly in the presence of tetracycline and 
oxytetracycline antibiotics up to 256 μg/ml and in the presence of 
sulfadimidine up to 512 μg/ml (Table 1).

3.2 | Survival of probiotics in biofilm

As shown in Table 2, the results of this study show that the survival of 
both probiotic strains during 72 hr has been almost constant and has 
not experienced severe and significant fluctuations (p- value >	 .05).

3.3 | Evaluation of antibiotic susceptibility

The antibiotic susceptibility of biofilm and planktonic form of pro-
biotics	are	given	in	Table	3,	showing	a	significant	protective	effect	

F I G U R E  2   Antibiotic susceptibility test in yogurt produced with 
enrofloxacin contaminated milk: (a) planktonic form, (b) control: 
biofilm (antibiotics free), and (c) biofilm
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of biofilm on the survival of probiotic bacteria against antibiotics 
(pvalue	≤	.05).	Also,	antibiotic	type	has	a	significant	effect	on	the	pro-
biotic survival rate (pvalue	≤	.05).	On	the	other	hand,	the	protective	
behavior of biofilm against different types of antibiotics has varied. 

Furthermore,	enrofloxacin	was	the	most	effective	antibiotic	 in	the	
survival reduction of probiotics in biofilm and planktonic forms, 
while the antibiotic sulfadimidine was the least effective antibiotic.

The results showed that yogurt produced with biofilm was not 
significantly different (p- value > .05) from the control sample in 
terms of consistency and even clotting and closing time. However, 

F I G U R E  3  Scanning	electron	microscopy	images	of	biofilm-	forming	Lactobacillus rhamnosus and Lactobacillus plantarum	in	MRS	agar	(a,	c)	
and biofilm- forming L. rhamnosus and L. plantarum in milk (b, d)

F I G U R E  4  Scanning	electron	microscopy	images	of	the	planktonic	cell	of	Lactobacillus plantarum (a) and Lactobacillus rhamnosus (b) in 
MRS	agar

TA B L E  1   The minimum inhibitory concentration of antibiotic 
(MIC)	in	vitro

Antibiotics

Strain

Lactobacillus 
rhamnosus (µg/ µl)

Lactobacillus 
plantarum (µg/ µl)

Tetracycline 256 256

Oxytetracycline 256 256

Enrofloxacin 256 16

Sulfadimidine 512 512

TA B L E  2  Probiotic	viability	in	biofilm	(log	CFU/ml)

Treatment

Time (day)

0 1 2 3

Lactobacillus 
rhamnosus

8.5	± 0.6 8.7	± 0.7 8.9	±	0.8 8.8	± 0.1

Lactobacillus 
plantarum

8.4	± 0.6 8.6	± 0.1 8.9	±	0.3 8.7	±	0.08
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the comparison of planktonic samples with control samples con-
cerning yogurt consistency showed a significant difference (p- value 
<	 .05).	The	consistency	of	yogurt	contaminated	with	antibiotics	was	
lower than the control sample. Also, because of antibiotics, the clos-
ing time of yogurt and clot formation was longer than the control 
sample	(Table	3).

3.4 | Biofilms microstructure

Images	 of	 biofilm	 structure	 with	 electron	 microscopy	 (Figure	 3)	
compared	to	planktonic	form	(Figure	4)	 indicate	a	cohesive,	three-	
dimensional structure of the biofilm that, as a strong skeleton, has 
been able to maintain this unique biological network. Probiotic 
bacteria in this cohesive and natural structure have gained more 
resistance than their counterparts in the planktonic state against 
environmental stress such as temperature changes, pH, and the 
presence of antibiotic residues, so their survival rate has increased.

4  | DISCUSSION

Field	research	has	shown	that	oxytetracycline	and	enrofloxacin	have	
long been used as strong therapeutic drugs for a wide range of ani-
mal diseases. Therefore, arbitrary administration of these drugs has 
been very common among traditional ranchers. Numerous research 
results indicate the presence of antibiotic residues in dairy products. 
Therefore, antibiotic residues should be considered a serious prob-
lem	in	the	health	and	food	field	(Ma	&	Zhai,	2014;	Pan	&	Chu,	2016;	
Rana et al., 2019). Previous studies confirm that a few numbers of 
probiotic species have been resistant to tetracycline. An important 
step in distinguishing intrinsic and acquired antibiotic resistance in 
probiotic bacteria is determining and comparing antibiotic suscep-
tibility patterns of different strains. Although efforts have been 
made to do so, work has been done only on certain antibiotics and 
specific strains of Lactobacillus	(Gueimonde	et	al.,	2013).	Chang	Liu	
et	 al	 demonstrated	 that	 among	13	Lactobacillus species that were 
studied, none of them were resistant to tetracycline or were highly 
sensitive (Liu et al., 2009). In the present study, investigating anti-
biotic resistance of probiotic strains in the laboratory showed that 
the two studied strains (L. rhamnosus and L. plantarum) in planktonic 

form against antibiotics, which are widely used in veterinary, espe-
cially enrofloxacin, tetracycline, and oxytetracycline, were sensitive. 
Therefore, due to the nutritional and health importance of these 
beneficial bacteria (Hossain et al., 2017), the issue of their survival 
against adverse environmental factors, especially the host digestive 
system, stresses during the production of probiotic products. Most 
importantly,	antibiotic	residues	are	of	great	significance	(Gueimonde	
et	al.,	2013;	Plessas	et	al.,	2012;	Terpou	et	al.,	2017).	The	solution	
examined in this study was to use the biofilm production technique 
by	 the	 bacteria	 to	 increase	 the	 survival	 of	 probiotics.	 Since	 few	
studies have been carried out on the effects of environmental and 
nutritional conditions on biofilm formation and simultaneously, the 
effect of antibiotics has rarely been investigated, the effect of bio-
film formed in milk on probiotic resistance to the spectrum of anti-
biotics was investigated in this study for the first time. The results 
showed that both L. plantarum and L. rhamnosus strains have good 
biofilm production power. The biofilm produced by both strains was 
maintained for 72 hr, and probiotic viability was assessed. This result 
seems very desirable considering the industrial application of bio-
film because biofilm survival indicates the biofilm’s power to protect 
and maintain balance in the bacterial community. On the other hand, 
since time is important in the industry, Providing a technique is use-
ful to the industry when it is not time- consuming and costly, so bio-
film with a high ability to maintain and viability of probiotics can be 
effective in produce and with mass production of biofilm, it is pos-
sible	to	save	time	in	producing	a	new	product	(Grossova	et	al.,	2017).	
The biofilm’s three- dimensional structure can also act as a strong 
biological substrate and provide the nutritional needs of bacteria for 
a	long	time	and	increase	survival	(Salas-	Jara	et	al.,	2016).	As	shown	in	
Figure	3,	the	various	channels	created	by	the	water	in	the	biofilm	net-
work play an important role in meeting bacteria’s nutritional needs. 
Extracellular	polysaccharide	compounds	(EPS)	help	strengthen	bac-
terial bonds and protect them from environmental pressures against 
the	environment	(Dertli	et	al.,	2015;	Salas-	Jara	et	al.,	2016).	Also,	the	
antibiotic susceptibility evaluation of probiotics in the biofilm form in 
the yogurt environment compared to their planktonic form showed 
an	 increase	 in	biofilm	bacteria’s	survival	 rate.	So,	using	the	biofilm	
technique, the survival rate of probiotic bacteria can be increased in 
higher	concentrations	of	antibiotics.	Furthermore,	another	concern	
about antibiotics is developing antibiotic resistance and its transmis-
sion through bacteria (He et al., 2019). Therefore, it can be pointed 

TA B L E  3  Biofilm	and	planktonic	antibiotic	susceptibility	(log	CFU/ml)

Strain Control

Antibiotics

Sulphadimidin Oxytetracycline Tetracycline Enrofloxacin

Biofilm of Lactobacillus rhamnosus 8.6	±	0.28a 8.6	±	0.28a 7.4	± 0.15b 6.11 ± 0.16c 6 ± 0.1c

Planktonic form L. rhamnosus 7.65 ±	0.49a 6.8	± 0.76a Nd* Nd* Nd*

Biofilm of Lactobacillus plantarum 7.5 ±	0.14a 7.4	±	0.8a 6.1 ±	0.3c 6.8	± 0.5c 6.05 ± 0.2c

Planktonic form L. plantarum 7.5 ±	0.14a 6.5 ± 0.5a Nd* Nd* Nd*

Note: Index letters indicate the comparison of the averages in the columns (p	value	≤	.05).
*Nd, not detectable.
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out that since the biofilm creates a hydrophobic structure, it pre-
vents the penetration of antibiotics and any antibacterial substances 
into the internal network and does not allow the entry of any anti-
biotics, which can be one of the most important desirable achieve-
ments	of	this	technique	(Salas-	Jara	et	al.,	2016).

Comparing	the	samples	of	yogurt	produced	in	the	form	of	bio-
film with the control sample did not show a significant difference 
(p- value > .05), which could be an apparent reason for the function 
and valuable properties of the biofilm structure that can preserve 
the	bacterial	population	(Salas-	Jara	et	al.,	2016;	Zhang	et	al.,	2013).	
However, in planktonic form, the samples were significantly dif-
ferent (p- value < .05) from the control sample in terms of yogurt 
consistency and the amount of synergy, which can be concluded 
that these defects in the product are due to the disturbance of the 
fermentation process and the loss of essential yogurt bacteria and 
probiotics due to the presence of antibiotics. Therefore, it refers to 
the	protective	effect	of	biofilm	on	the	viability	of	bacteria	(Grossova	
et	al.,	2017;	Salas-	Jara	et	al.,	2016).	Another	industrial	achievement	
of this study is that, in the dairy industry, stabilizers such as pectin 
and gum are used to reduce or prevent syneresis or the protein con-
tent is increased. In the present study, consistency was high in the 
yogurt samples containing biofilm compared to the planktonic form 
due to the biofilm’s three- dimensional structure. Leccese Terraf 
et al. (2016) evaluated the biofilm matrix formed by L. rhamnosus 
CRL	 1,332,	 demonstrating	 that	 the	 biofilm	 matrix	 contains	 large	
amounts of polysaccharides, carbohydrates, and proteins (Leccese 
Terraf et al., 2016). These natural compounds produced by probiotic 
bacteria in the biofilm network can play the same role as industrial 
stabilizers. Due to their hydrophilic groups, they can absorb yogurt 
water and reduce industrial stabilizers’ consumption.

5  | CONCLUSION

In this study, biofilm, a unique method, was studied to develop novel 
generation of probiotics. Incorporating probiotic biofilm into yo-
gurt increases the viability of probiotic strains and can affect the 
product’s physical and mechanical properties. The probiotic biofilm 
exhibited the best rank in protecting the L. plantarum and L. ramno-
sus. This technique can significantly affect the survival of probiotics 
compared to similar methods such as encapsulation, microencap-
sulation, nanocomposite, and trapping. Therefore, considering this 
method’s introduction as a new and innovative approach, it can 
protect probiotics against environmental stress and antibiotic resi-
dues. Moreover, due to the economic efficiency and lack of modern 
technologies, this method can be easily developed in the food and 
pharmaceutical industries.
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