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Evaluation of the toxicity and pathogenicity of biocontrol agents 

in murine models, chicken embryos and dermal irritation in 

rabbits   

Ocampo-Suarez Iris Betsabee,a Sanchez-Salas José Luis,b Ragazzo-Sánchez Juan Arturo,a Calderón-
Santoyo Montserrata

  

Biological control emerged as an alternative to the use of crop fungicides in fields and postharvest. It has already been 
demonstrated that strains of Candida famata, Bacillus subtilis Pla10, Meyerozyma guilliermondii, Meyerozyma caribbica 

and Debaryomyces hansenii are effective in controlling fungal diseases in tropical fruits. However, in order to develop 
applications on a field-scale, it is necessary to show that these biocontrol agents are innocuous to humans. In this study, 
three common toxicity studies were carried out to measure the safety of their use in food products: acute oral toxicity in 
adult Wistar rats, chicken embryo lethality and skin irritation studies in rabbits using concentrations of 1 and 10 mg of 
microbial extracts and the administration of 3 and 6 x 108 cel/mL of live cells for each one the tested strains used for each 
model. The rats showed no toxic symptoms and none died during testing. The extracts and strain cells under study did not 
produce a life-cycle interruption in chicken embryos. For the skin irritation studies in rabbits, the substance being studied 
produced no skin alteration in the animals. With these results it was concluded that the lyophilized extracts in 
concentrations of 1 and 10 mg, as well as the cells of the studied strains in concentrations of 3 and 6 x 108 cel/mL, were 
safe in the studied models. Therefore, their use in controlling postharvest diseases in tropical fruits is possible. Their 
efficiency in controlling plagues in fields and their possible effects on humans, however, require further study.  

 

1. Introduction  

Mexico is one of the most important fruit exporters
1
, nonetheless, 

postharvest losses of up to 40% have been reported at a national 
level, with an estimated loss of 932,692.79 dollars in tropical fruit 
caused primarily by phytopathogenic microorganisms (fungi and 
bacteria).

2 
Other sources report postharvest losses representing up 

to 25% of total production in industrialized nations and more than 
50% in developing nations.

3
 These losses generate a major 

economic impact due to the costs of production, harvest, transport 
and storage.

4
 Traditionally, damage caused by microorganisms has 

been controlled by synthetic pesticides. However, due to the acute 
and chronic effects to human health, 

5,7
 as well as in animals, fauna, 

pollinators, natural enemies, terrestrial and aquatic invertebrates, 
8.9

 the reduction of their use has gained global importance. This has 
led to the search for other alternatives, namely green technologies 
for the control of pathogens as in the case of biological control.

10.11
 

Biological control is an emerging technology that consists in using 
microorganisms such as yeasts and bacteria that present 
antagonistic effects towards other microorganisms to control 
diseases caused by phytopathogens. Biological control, therefore, 
represents an alternative to the use of harmful chemical substances 
by being highly compatible with the environment and human 

health.
10.4.12.13

 Bacteria that show antagonistic properties and are 
under widespread study, such as the genus Bacillus, a species that 
includes various strains with biocontrol activity: Bacillus subtilis, 

Bacillus amyloliquefaciens, Bacillus licheniformis, Bacillus pumilus, 

among others.
14-17

 These microorganisms have the capacity to form 
spores, these act as microparasites competing for nutrients and are 
able to secrete metabolites such as enzymes and lipopeptides; 
Bacillus sp. UM96 inhibits the growth of phytopathogens such as 
Botrytis cinerea through production of chitinase.

18,19
 In particular, 

the lipopeptides produced by Bacillus spp., such as fengicins, 
surfactin and iturins (iturin A), bacilomycin D and micosubtilin, have 
shown their effectiveness for suppressing the growth of 
phytopathogens.

 20-30
 At the same time, the utilization of certain 

species of yeasts have been widely studied.
 4,10,31-34

 Some yeasts 
have been reported to be effective for controlling pathogens 
postharvest in citrus fruit:

35
 Debaryomyces hansenii, Cryptococcus 

laurentii, Meyerozyma guilliermondii and Meyerozyma caribbica in 
mango,

36,37
 Rhodotorula mucilaginosa y Candida famata in 

papaya,
38

 Candida magnus y Candida sake in grape
39

 Rhodotorula 

glutinis in apple,
40

 Rhodosporidium paludigenum in pear,
41

 among 
others. Yeasts inhibit phytopathogenic fungi through different 
action mechanisms such as the production of lytic enzymes,

 37,38,42
 

parasitism,
 36

 induced resistance,
 43

 competition for nutrients and or 
space, 

33,36,37,43
 and the formation of microbial biofilms.

 37,44,45
 It is 

important to understand the action mechanisms of the antagonist 
microorganisms and their metabolites for their best use and 
selection of new effective antagonists.

 4,10,33,46
 Relevant literature 

reports the effective use of these biocontrol agents in agriculture 
during harvest and postharvest, however, the introduction of these 
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agents are subject to approval by regulatory authorities such as the 
FDA (Food and Drug Administration); to this end it is necessary to 
evaluate the toxic effects and thereby ensure the safety of such 
products.

 47 
Since the 1960’s, toxicity studies have developed as a 

requisite for all new products that reach the market, said studies 
are conducted in animals following well established protocols laid 
out by the Organization for Economic Cooperation and 
Development (OECD). In Mexico the biocontrol agents liberation 
and introduction is regulated by the NOM-070-FITO-1995.48 As 
studies and research on yeast and bacterial biocontrol agents have 
moved forward, there have also been reports, although scarce, 
about their toxicity as well as the toxicity of purified metabolites. 
The first research done on the toxicity of lipopeptides was 
conducted by Walton et al., (1949),

49 
in which Micosubtilin isolated 

from B. subtilis is tolerated by rats up to concentrations below 20 
mg/kg via subcutaneous injections. Korzybski et al., (1978)

50
 

demonstrated that Bacilomycin isolated from B. subtilis, caused 
toxic effects in rats in concentrations up to 75 mg/kg when 
delivered peritoneally. In more recent studies, it was shown that 
the lipopeptides from B. subtilis delivered to rats orally caused no 
toxicity.

 51,52
 Furthermore, studies on the toxicity of Bacillus 

extract—which contained lipopeptides—exist, and report dosis of 
up to 475 mg/kg not being toxic in rats.

 53
 Additionally, purified 

surfactin C delivered to rats orally, did not generate toxic effects, 
using up to 2500 mg/kg for 14 days

52
 and in another study, a daily 

500 mg/kg dosis of purified surfactin C did not cause genotoxicity 
nor teratogenic effects in fetuses.

54
 In the particular case of purified 

Iturin from Bacillus amyloliquefaciens IUB158-03 extracts, Kim et al. 
(2009)

52
 reported doses of up to 5000 mg/kg in rats causing no toxic 

effects. Additionally, Rodríguez et al., (2003)
55 

assessed the dermal 
irritation of a commercial product that contains live bacteria from 
Bacillus sphaericus in rabbits, and found no irritation. Also, in 
another study with B. thuringiensis, Mancebo et al., (2011)

56
 

showed the absence of toxicity and pathogenicity measured in rats 
when delivered orally, intranasally and intravenously, no deaths or 
signs of toxicity were found. The ecotoxicity of those lipopeptides 
has also been studied, in this way, Daravel et al. (2014)

57
 showed 

that pure lipopeptide compounds such as micosubtilin and surfactin 
in relatively high concentrations of 125 mg/L and 25 mg/L 
respectively, did not affect the development of lettuce plants. Even 
when there are no complete studies evaluating the toxicity of 
subproducts such as lipopeptides, it is necessary that every 
compound and biocontrol strain that is purporting to be used on 
fields or postharvest on farm products, count with formal 
toxicological studies that prove their safety in application and 
consumption. There are also no studies on the toxicity of hydrolytic 
enzymes produced by biocontrol yeasts. The objective of this study, 
therefore, is to demonstrate the low or non-existing toxicity of the 
extracts and cellular suspensions of five yeast cultures Meyerozyma 

guilliermondii L6D, Meyerozyma caribbica L6A2, Cryptococcus 

laurentii L5D, Candida famata, Debaryomyces hansenii and the 
bacterium Bacillus subtilis PLA10, through three different toxicity 
studies in different animal models, such as acute oral toxicity in 
murine, chicken embryo model and dermal irritation test in rabbits, 
in order to be in agreement with the NOM-070-FITO-1995.

48
 

2. Materials and methods 

2.1 Microorganisms, media and culture conditions 

The yeasts used in this study, M. guilliermondii L6D, M. caribbica 

L6A2,
36

 C. laurentii L5D,
37

 C. famata,
38

 D. hansenii
35,58

 and the 
bacterium B. subtilis,28 phytopathogenic fungi C. gloeosporioides 

and P. digitatum were isolated from the surface of the Ataulfo 
mango and Persian lime respectively. All of the previously 
mentioned strains form part of the strain repository of the Instituto 
Tecnológico de Tepic and are preserved in 40% glycerol at -80 ºC. 
The Staphylococcus aureus isolated from infection in the urinary 
tract was provided by the strain repository of the Universidad de las 
Américas Puebla and strains of Vibrio cholerae was donated by the 
Microbiology laboratory of the Benemérita Universidad Autónoma 
de Puebla and were used as positive controls for pathogenicity. 
Both strains were preserved in a nutrient broth with 20% glycerol at 
-80 °C. For their certification, S. aureus was grown in Mannitol Salt 
agar (Bioxon) and the strain of V. cholerae was grown in agar TCBS 
(Bioxon) at 35 ºC. Additionally, the biochemical tests miniAPI ID32 
STAPH 32500 and ID32 GN 32100 (BioMérieux®) were used for their 
identification. For the growth of the yeasts, a potato dextrose broth 
PDB (Bioxon) was used, inoculating every cryopreserved strain 
separately, they were incubated at 28 °C and 120 rpm for 24 h. In 
the particular case of D. hansenii, a YPD broth was used with 
incubation at 25 °C and 80 rpm for 24 h. For B. subtilis Pla10 a Luria 
Bertani broth was used with incubation at 30 °C and 120 rpm for 48 
h. For the growth of the pathogenic strains S. aureus y V. cholerae, a 
Nutrient broth was used with incubation at 35 °C and 150 rpm por 
12h to be in the log phase. All of the cultures were adjusted to 
3x10

8 
and 6x10

8
 cel/mL, using the McFarland turbidity standards 

and a spectrophotometer (Spectronic 20, Bausch & Lomb) at 600nm 
corresponding to a DO of 0.145 and 0.275 respectively. These 
concentrations were assessed in the acute oral toxicity test, DRAIZE 
skin irritation test (cited in the Official Mexican Standard NOM-039-
SSA-a-1993

59
) and chicken embryo lethality test.

60
  

2.1.1 Preparation of hydrolytic yeast enzyme extracts and 

lipopeptides from Bacillus subtilis Pla10. 

For stimulation of hydrolytic yeast enzyme secretion, the method 
described by Bautista-Rosales al.

57
 was used. First, C. 

gloeosporioides and P. digitatum were cultivated separately in 50 
mL of PDB. Each culture was maintained under stirred conditions 
(110 rpm) at 25 °C for 72 h until the appearance of mycelium. Each 
strain culture was sterilized at 121 °C for 20 min and then 
centrifuged at 1400 ×g for 10 min. Afterwards, each one of the 
yeasts M. guilliermondii L6D, M. caribbica L6A2, C. laurentii L5D, 

and C. famata were cultivated during 72 h at 28 °C (500 mL, PBD) in 
presence of 10% V/V sterile mycelium of C. gloeosporioides. Only D. 

hansenii grew with sterile mycelium presence of P. digitatum. The 
cultures were centrifuged at 1400 xg for 10 min and filtered 
through a nitrocellulose membrane with 0.20 µm pores. These 

extracts presented β-1, 3-glucanase, N-acetyl- β-D-glucosaminidase 
(Nagase) and chitinase activities.

35,36,37,38
 The supernatant fluid was 

precipitated with ethanol (10:1 V/V) for 3 h at -20 °C and was 
centrifuged (5 min, 11,400×g at 4 °C). The precipitate was recovered 
and lyophilized. In the case of B. subtilis, an inoculum of 20 µl from 
a recent culture of 250 mL of Luria Bertani broth, was incubated in a 
water bath at 30 °C and stirred at 120 rpm during 18 to 22 h. The 
culture was centrifuged at 10,000×g for 10 min. The supernatant 
fluid was filtered in a 0,20 µm nitrocellulose membrane. The 
clarified supernatant was extracted two times with Butan-1-ol (1/10 
of the broth’s volume). The layer of Butan-1-ol was removed and 
frozen at -70 °C for its subsequent lyophilization. The butanolic 
fraction contained the lipopeptides iturin and surfactin.

28
 All 

lyophilized samples were re-suspended in a PBS buffer solution (pH 
7.0, 1.0 M) at a concentration of 1 mg/L and 10mg/mL for their 
subsequent use in the animal and chicken embryo models.  
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2.2 Animals 

In the acute oral toxicity test, 100 Wistar Hannover female rats 
were used, with a body weight between 150 and 200 g, and 7-8 
weeks old. The animals were maintained in temperature controlled 
rooms at 22 ± 2 ºC and dark-light cycles of 12:12 h, housing four 
animals per cage in polypropylene compartments. The animals’ 
feeding consisted of a standard CMO-1000 diet for rats and water 
ad libitum. For the skin irritability test, 24 male New Zealand rabbits 
were used, their weights ranged between 2 and 2.5 kg and were 
placed in stainless steel cages. 24 h prior to experimentation, an 
area of the skin approximately 10 x 10 cm in size was shaven on the 
animals’ backs. 100 SPF (Specific Pathogenic Free) chicken embryos 
at 11 days of embryogenesis were used for the study with chicken 
embryos. Applicable standards and procedures for the handling of 
animals established by the vivarium as well as those established 
internationally were taken into account.

 59,61,62,63
 All of the studied 

animals were issue from the Claude Bernard vivarium of 
Benemérita Universidad Autónoma de Puebla.  

2.3 Acute oral toxicity test  

The acute oral toxicity test was conducted according to the 
methods in OECD Test Guideline 401. 96 rats were used (4 rats per 
extract and 4 for each cell culture). The animals were submitted to 
an acclimatization period of 3 days. On the start day of the test, the 
experimental groups were each formed with 4 animals. The positive 
control group was delivered V. cholerae and the negative control 
group was given sterile PBS. Each of the animals in the experimental 
groups were administered two concentrations (1 and 10 mg/mL) of 

lyophilized extracts and two 3×10
8
 and 6×10

8 
cel/mL cellular 

suspensions. The body weight of each animal was registered twice a 
week beginning on the first day of the study for a period of 14 days. 
During this period, food and water consumption were also 
registered. The daily observations of the animals included: changes 
in the skin and hair, eyes, mucous membranes, occurrence of 
secretions and autonomic activity such as tearing, poli-erection, 
pupil size, respiratory pattern, changes in gait, reaction to handling 
as well as the presence of clonic or tonic movements, stereotypes 
(e.g. excessive grooming, repetitive circling) or bizarre behavior 
(e.g. self-mutilation, walking backwards). At the end of the study, 
the average gain in weight in grams per day as well as the average 
of solids and liquids consumed per day was obtained in grams or 
milliliters. At the end of this study, one animal per group was 
selected and a macroscopic necropsy was performed, it included 
exams of the outer surface of the body, all holes and cranial, 
thoracic and abdominal cavities. It also assessed the morphological 
characteristics of the heart, kidney, spleen and liver.  
 
2.4 Draize skin irritation test  

The Draize skin test (described in 1944)
64

 cited in the Official 
Mexican Standard: NOM-039-SSA1-199358 was used. The extracts 
and cell cultures were delivered on the first day of the study. For 
each concentration, two rabbits were used applying a single 
solution directly on the back with the help of a sterile cotton swab. 
After application, a patch of surgical gauze with 4 layers and an 
elastic bandage was fixated thereon in order to prevent the animal 
from accessing the site were the test substances were applied.  The 
total observation period lasted 72 h and special attention was given 
to signs of edema and erythema at 4, 24, 48 and 72 h after 
removing the patches (using the value scale for skin lesions as 
described by Draize). The erythema values were averaged (Table 1) 

and added to the edema values (Equation 1) to calculate the 
Primary Dermal Irritation Index (PDMII). 

Primary dermal irritation index = x¯ of erythema + x¯ of edema Eq. 1 

Table 1. Classification of dermal responses (Draize Scale NOM-039-
SSA1-1993) 

Formation of erythema and flaking Grade 

No erythema 0 

Slight erythema (barely perceivable) 1 

Defined erythema  2 

Moderate to severe erythema 3 

Grave erythema (redness) and formation of pressure 
sores (minor and deep lesions) 

4 

Formation of edema Grade 

No edema 0 

Slight edema (barely perceivable) 1 

Minor edema (presence of borders with defined 
concrete elevations) 

2 

Moderate edema (affecting an area of 1 mm) 3 

Severe edema (affecting an area greater than 1mm) 4 

Primary irritation index: 0.0-1Non-irritant; 1.1-2 Slightly irritant; 2.1-5 Moderately 
irritant; 5.1-6 Severe moderated irritant; 6.1-8 severe irritant 

Based on this index for primary dermal irritation, values between 0 
to 5 are considered to be within the acceptance criteria for the safe 
use of these extracts and cells on humans. When values range from 
6 to 8, the product cannot be utilized on human skin due to it being 
considered as an irritant.  

2.5 Viability tests in chicken embryos 

The preferred inoculation route for this study is the charioallantoic 
membrane (MCA) utilized according to the technique described by 
Hitchner (1970),65 with embryos at 11 days of embryogenesis; for 
the inoculation, an artificial air chamber was formed, to achieve 
this, two holes were made; one on the thickest pole of the egg that 
possesses a natural air chamber and the other on one of the sides 
of the egg contrary to the embryo position as observed through a 
candling lamp. A syringe and needle was placed at the larger pole 
and a bit of air was extracted favoring the formation of the artificial 
chamber through separation of the MCA from the shell on the inner 
side. It is in this artificial chamber where the extracts or cells of 
each test strain are inoculated using an insulin syringe and a 
candling lamp as a guide so as to not perforate the MCA. Any 
embryo whose membrane was perforated was discarded. After 
completing the inoculation, the holes were covered with sterile 
tape. Afterwards, the embryos were incubated at 35 °C and their 
viability examined until completing 19 days of embryogenesis using 
a candling lamp at all times to observe and assure that the 
movement of the embryo and blood stream were in good condition. 
A dead embryo loses the circulatory function and stops moving. For 
this experiment, four embryos were given doses of lyophilized 
extracts as well as the cultures of the strains in question, using a 
total of 96 embryos. An additional four embryos were used as a 
positive control and four were used for the negative control.  

All experimentation, transportation and care of the animals were 
performed in compliance with the relevant laws and institutional 
guidelines according the Mexican norms NOM-062-ZOO-1999 
(Policy for specific techniques for production, care and uses of 
laboratory animals),

66
 NOM-003-ZOO-1994 (Policy criteria for 

laboratory operation for animal test approved in zoo sanitary 
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matter),67 NOM-051-ZOO-1995 (Policy for humanity in animal 
treatment and movement),

68
 NOM-033-ZOO-1995 (Policy for 

humanity animal treatment for domestic and wild animals 
sacrifice),

69
  NOM-087-ECOL-1995 (Requirements for all processes 

related with collection, storage and final animal and all biologicals 
generated during animal and other biological samples).

70
 All these 

norms are a requirement and establishment in the Bioterio Claude 
Bernard vivarium of Benemérita Universidad Autónoma de Puebla. 
At the same time this place has its own Bioethical committee who 
analyze each research protocol before any animal can be used. 

3. Results and Discussion 

3.1 Acute oral toxicity tests 

Acute oral toxicity tests imply the determination of a dosage that 
causes the death of 50% of the treated animals. In this type of test, 
if the substance being tested is toxic, the death of animals after 
testing can span from 14 days to several months depending on the 
case. If only toxic effects appear, these will show in the general 
characteristics of the animal: like a decrease in food and water 
consumption and therefore weight reduction. The animal’s 
behavior can also be affected, as well as its hair, mucous 
membranes, eyes, etc.

62
 Many studies have been conducted on the 

correlation between animal and human toxicity, coming to the 
conclusion that no animal responds to toxins exactly the same way 
as a human, however, most of the effects that various lab animals 
experiment with different substances manifest themselves in 
humans and vice versa. Therefore, it is necessary to evaluate 
different models to avoid false negatives.

71
 

 3.1.1 Body weight in Wistar rats 

The animals (rats) that received the extracts or the live cells orally 
showed no decrease in body weight during the study, in fact, they 
were able to gain in weight which oscillated between 1.72 ± 0.07 to 
1.94±0.13 g/day and was similar to the control group that was only 
delivered a PBS buffer solution. This is in contrast to the control 
groups that received the V. cholerae strain, where the rats died the 
third day (Table 2).  

3.1.2 Ingestion of food and liquids in Wistar rats 

The ingestion of food and liquids during the test phase, in which 
each of the experimental groups had similar values to the subjects 
in the control group can be observed in Table 3. The inoculated rats 

with V. cholerae stopped consuming food and water and died on 
the third day after the experiment was started. The other animals 
had apparently normal behavior after 14 days, demonstrating the 
safety of not only the metabolites produced by the studied strains, 
but also the direct inoculation of the live cells of each test strain. 
The results in weight gain and food and liquid ingestion, indicate 
that the metabolites of each of the studied strains, extracts or the 
cells themselves, did not contain any substances with any activity 
that would diminish the absorption of nutrients or block the 
digestion of liquids and/or food in these animals. These metabolites 
or their cells also didn’t show any inflammatory or enterotoxigenic 
effect that could have induced a gastroenteritis such as diarrhea. 
Even in the macroscopic analysis of the autopsies, no apparent 
change could be observed by plain sight. The possibility of an 
enterotoxigenic substance exists, however, its concentration is 
either so low that no evident effect is present or that these 
metabolites, if they have any activity in the gastrointestinal tract, 
could be sensitive to the stomach’s pH level and therefore become 
inactive when passing through this section of the animal; this last 
hypothesis is left for future investigation. With regards to the live 
cells of each strain, three possibilities exist: a) that they are 
inactivated by the stomach’s pH and do not reach the intestines in a 
viable manner, in which they have the opportunity to adhere to the 
intestinal epithelium and produce enterotoxigenic substances; b) 
that these strains do not contains adhesines that favor adhesion 
and colonization and therefore cannot affect the normal functions 
of the gastrointestinal tract or, c) even though they can survive the 
acidic pH of the stomach, adhere to and colonize the rats’ 
gastrointestinal tract, these are completely safe and their presence 
does not negatively affect these animals. This stands in contrast to 
V. cholerae, that adheres to the intestinal epithelium upon entry, 
colonizes it and favors the production of choleric toxins that, as is 
well known, foment the hypersecretion of liquids and electrolytes, 
in addition to blocking nutrient absorption which ultimately cause 
the animal’s death.

 72,73 

 

3.1.3 Evaluation of the signs and symptoms of toxicity 

 
The assessment of the signs and symptoms of toxicity as well as the 
general level of activity and reflexes showed normal parameters, at 

no stage did the administering of the studied substances generate 
anatomic-structural changes in the experimentation animals or the 
general level of activity and/or reflexes in the animals of each 
group. Similar characteristics were found with the control group 
that was only giving the sterile PBS solution. In summary, no toxic 

Table 2.  Average values and standard deviation in weight gain expressed in grams/day in the Wistar rat groups treated with lyophilized 

extracts and live cells of biocontrol agents 

 

Strain/ 

Treatment 

 

C. laurentii L5D 

g/day
X
 (SE*) 

M. 

guilliermondii 

L6D 

g/day (SE) 

M. caribbica 

L6A2 

 g/day (SE) 

C. famata 

g/day (SE) 

D. hansenii 

g/day (SE) 

B. subtilis 

PLA10 

g/day (SE) 

1 mg 1.79±0.08 1.79±0.07 1.84±0.13 1.94±0.13 
10 mg 1.79±0.14 1.81±0.17 1.81±0.17 1.91±0.39 1.72±0.07 1.88±0.17 

3x108 cel/ml 1.86±0.11 1.74±0.03 1.77±0.06 1.79±0.06 1.80±0.15 1.88±0.15 
6x10

8 
cel/ml 1.88±0.15 1.74±0.03 1.72±0.07 1.80±0.18 1.91±0.39 1.87±0.17 

Control (+): Died on the third day 

Control (+): V. cholerae; Control (-): PBS sterile X: Arithmetic Average; SE: Standard Deviation 
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symptoms were observed in the experimentation groups with the 
delivered dosages, neither with the extracts nor the cells of the cell 
cultures of the strains in question. These results indicate that the 
live cells as well as their metabolites had no negative effects, 
whether over the nervous system or over organs and tissue that 
could affect the animals’ normal behavior.  

 

3.1.4 Mortality in Wistar Rats 

The main parameter measured in the acute oral toxicity studies is 
death. During the test study, and with the administering of 
lyophilized extracts in concentrations of 1 and 10 mg as well as live 
cells of the cultures of each one of the studied strains with 
concentrations of 3x108 y 6x108 cel/mL, death did not occur in the 
treated animals; contrary to what happened with the positive 
control group that was inoculated with V. cholerae, where these 
died on the third day. Furthermore, these animals stopped 
consuming food and drink after 8 h of having delivered the bacterial 
control. In the macroscopic autopsies, no evidence of pathological 
alterations in the organs analyzed could be found in each of the 
groups treated with lyophilized extract or live cells of the studied 
strains, showing similar characteristics to the negative control 
group. Therefore, the need to carry out histopathological studies 
was not discarded. Reports about the toxicity of biocontrol agents 
and of the metabolites that exercise a biocontrol function, such as 
hydrolytic enzymes, are scarce. Nonetheless, hydrolytic enzymes, 
produced by biocontrol yeasts have the capacity to hydrolyze 
essential components of the cellular wall of fungi and bacteria, β-1, 
3-glucanase hydrolyzes β-1-3-glucan, chitinase hydrolyzes chitin and 
nagase hydrolyzes N – acetyl – β – D – glucosamine,36 considering 
that these substrates are not from cells or human tissue, it is not 
possible that these cause lysis or structural damage. Fuentes-Silva 
(2006)

74
 reports that enzymes such as plant β-1-3-glucanase, have 

manifested the capacity to induce allergic reaction in humans, in 
comparison with this study, no symptoms of gastric allergies in the 
animals related to the delivered dosages were registered. In regard 
to reports of lipopeptide toxicity produced by Bacillus, similar 
experiments have shown a close relationship with the results of our 
work. Sahnoun et al., (2014)

53
 assessed the toxicity of crude 

lipopeptide extracts produced by Bacillus subtilis SPB1 through 
determination of LD50 in rats, no abnormal behavior, nor toxic 

symptoms in any of the treated animals was observed, clearly 
demonstrating that the extracts are not toxic. Ayed et al., (2015)

75
 

assessed the acute oral and subchronic toxicity in rats of a mix of 
lipopeptides produced by Bacillus majovensis A21. The results 
showed that the delivery of 400 mg/kg, did not cause any bodily 
changes in the rats as well as no toxic alterations. This represents a 
great advantage, since the lipopeptides from the strain B. subtilis 
PLA10 would be applied in the form of extracts, not purified, in such 
a way, that even when in this study pure compounds were 
assessed, the purified extracts contain smaller quantities then the 
amount that they reported, thus making the extracts safer. There 
are cases in which the extracts are less toxic then the pure 
compounds, as is the case with acetogenins of Annona muricata, 
where the anticancer compound is more potent, but also more 
toxic, supporting the safe use of the complete extract from this 
plant.

76
 

3.2 Viability in chicken embryos 

Chicken embryos are a biological model utilized in a wide range of 
toxicological studies due to their easy use, rapid development, early 
embryogenesis and sensitivity to substances and pathogenic 
microorganisms so that the virulence factors of a microorganism 
are directly reflected in the development of embriogenesis.

77
 These 

grow under controlled conditions and small variations of these 
result in abnormal development or even death; that characteristic 
makes them highly appreciated in toxicity studies since any change 
in their environment offers immediate answers of the toxic effects 
of the substances under study.78 For our experiments, the 
lyophilized extracts in concentrations of 1 and 10 mg as well as the 
live cells of the cultures of each one of the studied strains in 
concentrations of 3x10

8
 y 6x10

8 
cel/mL, inoculated in the chicken 

embryos, did not cause interruption of embryogenesis; these 
stayed alive similar to those embryos inoculated with a sterile PBS 
solution for 19 days, even with a dosage of 6 x108 cel/mL. The 
embryos inoculated with Staphylococcus aureus a 3x10

8
 cel/mL did 

not survive more than 36 h after being inoculated. In this manner, it 
can be affirmed that the strains analyzed in this study lacked the 
capacity to invade tissue and therefore could not cause damage in 
embryo development.  

3.3 Skin irritation tests in rabbits with extracts and live cells of 

biocontrol agents  

Table 3. Ingestion of foods and liquids in Wistar rats.  

Strain/ 

Treatment 

 C. laurentii 

L5D 

M. 

guilliermondii 

L6D 

M. caribbica 

L6A2 

 

C. famata 

 

D. hansenii B. subtilis 

PLA10 

 

1 mg SI g/day 54 48 60 57 55 60 

LI mL/day 60 50 70 50 50 65 

10 mg SI g/day 61 54 67 57 66 58 

LI mL/day 65 55 60 60 50 50 

3x10
8 

cel/ml SI g/day  59 58 63 54 50 60 

LI mL/day 60 55 50 55 50 50 

6x10
8 

cel/ml SI g/day 63 53 55 57 66 68 

LI mL/day 65 55 60 60 50 50 

Control (+): Died on the third day 
Control (-): IS:62 g/day; IL: 55 ml/day 

    IS: Solid intake; IL: Liquid intake; Control (+): V. cholerae; Control (-): Solution de PBS sterile 
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In the case of studies determining skin irritation and skin corrosion, 
the traditional test method is the Draize test, (1944),69 which 
consists of qualitative values of the degree of inflammation or 
redness caused on the animal’s skin after applying a chemical or 
biosynthetic product. Skin irritation tests in rabbits are currently 
readily utilized due to them being models in which the skin 
irritation of pharmaceuticals—that can be used on sensitive skin 
such as that of babies—is tested. Cosmetics that are applied to 
sensitive tissues of the face and that could produce some irritation 
of the skin or dermatitis or even hypersensitivity (allergies) are also 
assessed. For our experiments, the lyophilized extracts in 
concentrations of 1 and 10 mg, as well as the live cell cultures of 
each of the studied strains with a concentration of 3x10

8
 and 6x10

8
 

cel/mL did not generate changes in any of the assessed times of the 
rabbit skin, measured during 72 h (Table 4) and (Table 5). In 
general, the areas of the skin maintained their normal base 
condition and showed no change. The measurements of skin 
irritation in skin of experimental rabbits for each of the assessed 
concentrations had a value of zero, also, the value for the Primary 
Skin Irritation Index was also zero. Therefore, it is considered that 
the extracts and cells of the biocontrol agents subject to study in 
this investigation cause no irritation in skin. These results were 
compared with those of the positive control where the lowest 
concentration was used (S. aureus 3x10

8 
cel/mL). This strain showed 

irritation 24 h after its application and the substance according to 

the Draize scale was considered to be an irritant after obtaining a 
value of 6 on the Primary Irritation Index. In figure 1, the positive 
effect of S. aureus, the negative control (PBS) and the effect of an 
extract and a strain of C. laurenti, that is similar to the effects 
observed for the other extracts and tested strains, is shown. Due to 
the dramatic increase in the number of people affected by this 
pathology, the phenomenon of skin allergies has gained importance 
globally. Genetic predisposition, environmental conditions, and the 
frequency of exposure to allergens are the main characteristics 
observed that appear to participate in an important way to 
sensitization. In the case of allergies caused by hydrolytic enzymes, 
a few were reported to be produced by plants, a reduced group 
being responsible for triggering type I immediate hypersensitive 
reactions. A representative of this class of allergens is β-1,3-
glucanase of H. brasiliensis of plant origin, related to the latex 
allergy.

79
 Even when scant information about the allergenic 

properties of hydrolytic enzymes produced by plants is available, 
there are no reports of studies that relate microbial enzymes with 
allergies in humans. On the other hand, among the few studies on 
lipopeptide skin irritation, there is one conducted by Hwang et al. 
(2005),

80
 where the dermal skin irritation index in rabbits of 

surfactin produced by Bacillus subtillis complex BC2121 was 
studied. This studied placed surfactin on the Draize scale as a non-
irritant with a scale value of 0.125. In our study, the lyophilized 
extracts used that contained lipopeptides such as surfactin and  

Table 4. Dermal irritation index of lyophilized extracts of biocontrol agents in rabbit skin according to the Draize Scale 

Strain Evaluation (H) IID* Classification 

C. laurentii L5D 4, 24, 48, y 72 0 No irritante 

M. guilliermondii L6D 4, 24, 48, y 72 0 No irritante 

M. caribbica L6A2 4, 24, 48, y 72 0 No irritante 

C. famata 4, 24, 48, y 72 0 No irritante 

D. hansenii 4, 24, 48, y 72 0 No irritante 

B. subtilis PLA10 4, 24, 48, y 72 0 No irritante 

Control (+) 4, 24, 48, y 72 6 Irritante 

Control (-) 4, 24, 48, y 72 0 No irritante 

              Control (+): S. aureus; Control (-): Solution sterile isotonic saline; Dose: (10mg). 

Table 5. Primary dermal irritation index of live cells of biocontrol agents in rabbit skin according to the Draize Scale 

Strain Evaluation (H) IID* Classification 

C. laurentii L5D 4, 24, 48, y 72 0 No irritante 

M. guilliermondii L6D 4, 24, 48, y 72 0 No irritante 

M. caribbica L6A2 4, 24, 48, y 72 0 No irritante 

C. famata 4, 24, 48, y 72 0 No irritante 

D. hansenii 4, 24, 48, y 72 0 No irritante 

B. subtilis PLA10 4, 24, 48, y 72 0 No irritante 

Control (+) 4, 24, 48, y 72 3 Irritante 

Control (-) 4, 24, 48, y 72 0 No irritante 
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Iturin28 derived from B. subtilis PLA10 did not cause inflammatory 
or erythemateous reactions in the skin of treated rabbits, therefore 
the dermal irritation index acquired a value of zero, placing it 
according to the Draize scale as a non-irritatant substance. It is rare 
for individuals of the general population that are exposed to these 
substances to become sensitized. In fact, within the general 
population, the prevalence of sensitization to fungal enzymes, for 
example, has been reported to be as low as 1% and as high as 
15%.

81
 

 

4. Conclusions 
 

According to the results found in this study, we can conclude that 
the different delivered doses of lyophilized extracts (1 and 10 
mg/mL) and live cells of M. guilliermondii L6D, M. caribbica L6A2, C. 

laurenti L5D, C. famata, D. hansenii, and B. subtilis, did not show 
any toxicity after the delivery of high doses of more than 600 
million cells. This number is more than a 100 times higher than the 
amount of cells that a fruit treated with these microorganisms 
could have or 100 times more than the metabolites that could be 
applied to them for phytopathogenic biocontrol. This is supported 
by the lack of deaths in both models (rat and chicken embryo), toxic 
symptoms, or any type of change in the rest of the studied 
parameters, such as body weight, microscopic analyses of organs 
and tissues in the studied rats. These same products in the studied 
concentrations had no effect on rabbit skin. These type of products, 
due to their low toxicity and high biodegradability in the 
environment, low toxicity to plants and animals, are considered 
green products that will reduce the use of synthetic chemical 
products, providing a more sustainable form of agriculture and with 
less toxic effects to humans and the environment.  
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1.	Substance	Preparation

or +

2.	Substances	administration	

a)	Acute	oral	toxicity	test

b)	Draize skin	irritation	test	

c)	Chicken	embryo	lethality	test

Extracts	
Cell	

cultures

Microorganisms

Weight	gain		

Irritation	index

Viability

3.	Toxicity	evaluation

Evaluation of the toxicity and pathogenicity of biocontrol agents 
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