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Abstract

Botrytis cinerea (grey mould) is the causal agent of grey rot in strawberries. Worldwide, it 
causes substantial pre- and postharvest losses (40 - 60%), attacking over 1,400 crops. To 
combat this phytopathogenic fungus, synthetic preservatives including potassium sorbate (PS) 
are used, and other barrier technologies have been investigated. Avocado seed acetogenins 
(ASAs) have been studied for their antibacterial activity but not for their antifungal effect. The 
effect of ASAs against mycelial growth and conidia of B. cinerea in vitro is unknown. 
Therefore, the aim of the present work was to investigate the antifungal effect of a crude 
avocado seed extract enriched with acetogenins (Avosafe®) against mycelial growth and 
conidial germination of B. cinerea in vitro. Twelve Avosafe® treatments were tested using an 
agar extract dilution method. The minimum inhibitory concentration (MIC) and the antifungal 
effect of Avosafe® on mycelial growth and conidial germination were tested after 96 and 5 h 
of incubation at 18 ± 1°C, respectively. An adjusted kinetic Gompertz model was used to 
determine the growth phase in which Avosafe® affected mycelial growth and conidial 
germination. Avosafe® at a concentration of 7,500 mg/L directly affected the stationary phase 
of the developing fungus with no significant differences (p > 0.05) with typical usage level of 
PS (1,000 mg/L). The mean fungistatic concentration of mycelial growth (661 mg/L) was 
associated with a 78% reduction in the percentage of conidial germination, whereas its IC50 at 
this stage was 75.42 mg/L. Therefore, Avosafe® could be a possible alternative as natural 
fungistatic agent against B. cinerea in processed food products such as strawberry purée.
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Introduction

 Botrytis cinerea Pers., also known as grey 
mould, is the causal agent of grey rot in strawberries, 
an important disease causing pre- and postharvest 
losses worldwide (León et al., 2014). It causes serious 
damage to the production process, by destroying 60 to 
70% of the fruits (Sánchez, 2014). Infections of the 
flowers and fruits are caused mainly by aerial conidia 
which develop in mature fruits postharvest, and could 
overwinter in dead plant tissues and debris (Braun 
and Sutton, 1988; Ilhan and Karabulut, 2013). The 
main losses occur postharvest with a maximum 
incidence of 89% (Ugolini et al., 2014). 
 Presently, there is a growing consumer and 
industrial demand for novel antimicrobials of natural 
origins (Nazir et al., 2017). Potassium sorbate (PS) is 
commonly used as a synthetic food additive, and is 
the most effective antimicrobial in the food industry 

(Mohammadzadeh et al., 2018). It inhibits mould 
growth, prevents spoilage, and preserves the 
freshness of the products at a concentration of 1,000 
mg/kg (Quispe, 2010; Dehghan et al., 2018). 
However, various studies have shown that increased 
PS intake (> 25 mg/kg) may lead to cytotoxic and 
genotoxic effects by producing mutagenic 
compounds, and inducing chromosomal aberrations, 
sister chromatid exchange, and DNA breakage 
(Dehghan et al., 2018).
 Consumers often require safe foods and 
additives, which can impact their nutrition intake and 
health (Bonciu, 2018). This can be achieved by using 
plant extracts and natural bioactive compounds with 
antifungal properties, among other approaches 
(Redondo-Blanco et al., 2020). In this context, 
avocado seeds and peels have an equivalent or even 
greater content of bioactive compounds than the pulp 
(Rodríguez-Sánchez et al., 2019). This food waste 
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represents a potential source of molecules with 
applications in the food, pharmaceutical, and 
cosmetic industries (Wang et al., 2010).
 Previous reports have shown that the crude 
extracts from different avocado tissues exhibit 
antimicrobial activity against yeast (Rodríguez et al., 
2011), fungal spores (Leite et al., 2009), fungal 
vegetative cells (Domergue et al., 2000), and 
bacterial vegetative cells (Lu et al., 2012). 
Persenone-C, persenone-A, and persenone-B 
contained in avocado seeds inhibit Clostridium 
sporogenes endospore germination and vegetative 
cell growth (Rodríguez et al., 2013). C. sporogenes 
endospore germination has been shown to be 
completely inhibited by semi commercial avocado 
seed oil enriched in acetogenins (Pacheco et al., 
2017).
 So far, 9 lipid molecules have been identified 
in Avosafe® and was detected by HPLC-PDA/ELSD 
to be of food grade and contain a total acetogenin 
concentration of 94.74 (w/w) of its organic solids; 
these acetogenins are biosynthesised by the 
polymerisation of acetyl and propionyl subunits 
including AcO-avocadyne (17%), avocadenyne 
(4%), avocadene (25%), AcO-avocadiene (2%), 
persediene (2%), persenone C (4%), persenone A 
(23%), persin (14%), persenone B (9%), and other 
constituents (5.23%) (Rodríguez-Sánchez et al., 
2019). Avosafe® inhibits Gram-positive bacteria and 
has higher efficacy toward spore-forming bacteria 
(C. sporogenes, C. perfringens, Bacillus subtilis, and 
Alicyclobacillus acidocaldarius) because of its 
double bonds and aromatic rings, which are 
inhibitory properties against Gram-positive bacteria 
(Villarreal-Lara et al., 2019). To our knowledge, this 
is the first study that shows the control of Listeria 
monocytogenes by avocado acetogenins in a 
refrigerated food matrix, strengthening their potential 
use as a natural antimicrobial food additive 
(Villarreal-Lara et al., 2019). However, there are no 
reports on the effects of Avosafe® on conidial 
germination of Botrytis cinerea with known 
chemical identity. Therefore, the aim of this work 
was to test a crude avocado seed extract enriched in 
acetogenins (Avosafe®) against mycelial growth and 
conidial germination of Botrytis cinerea by agar 
extract dilution assay.

Materials and methods

Crude avocado seed extract preparation
 The Monterrey Institute of Technology and 
Higher Education in Monterrey, Mexico donated 
semi commercial avocado seed oil rich in 

acetogenins (Avosafe®) for this experiment. From 
this product, a working solution was prepared with 
0.4% propylene glycol (PG) (v/v) (Sigma-Aldrich, 
USA). Sterile distilled water and avocado seed 
extract were subsequently added with 0.033% Tween 
20 (v/v) (CTR, México). Different concentrations of 
Avosafe® (T1 = 50, T2 = 100, T3 = 250, T4 = 500, T5 
= 1,000, T6 = 2,000, T7 = 2,750, T8 = 5,000, T9 = 
7,500, T10 = 10,000, T11 = 12,000, and T12 = 661 
mg/L) were prepared from the working solution, and 
they were added to a culture medium of potato 
dextrose agar (PDA) (CTR, México) (Moreno et al., 
2012; Pacheco et al., 2017). In addition to these 11 
treatments, two controls were included: a positive 
control (PC) with 1,000 mg/L PS, and a negative 
control (NC), which only had PDA and/or Czapek 
medium. The mean fungistatic concentration (661 
mg/L) was calculated by plotting the inhibitor 
concentration against the percentage of activity using 
the linear (y = mx + n) or parabolic (y = ax2 + bx + c) 
equation in this activity. Since y = 50, x was 
converted to IC50 value using the Microsoft Excel 
functions. After calculation, the IC50 was included as 
a new treatment (T12) to determine its activity against 
conidial germination.

Isolation and identification of Botrytis cinerea
 Botrytis spp. were isolated from strawberries 
showing symptoms of grey mould. The fruits were 
obtained from a local market in Hermosillo, Sonora, 
Mexico. The pathogens were isolated and identified 
according to Ugolini et al. (2014) and Moreno et al. 
(2012). Isolates with high similarity of morphologi-
cal and taxonomic characteristics to B. cinerea as 
reported by Pescador (2010) were selected. The 
selected isolate was sub-cultured onto PDA for 
isolation and purification (Moreno et al., 2011). 
Additionally, strawberries at a commercial maturity 
no. 6 (NOM, 2002) were artificially inoculated with 
the isolate to verify its pathogenicity (based on 
Koch’s postulates) by the agar extract dilution 
method.

Preparation of bioactive compounds
 The evaluation of the antifungal activity was 
carried out using the technique of extract dilution in 
agar as proposed by Moreno et al. (2011), which 
consisted of making a homogeneous mixture of the 
extracts. Sterile Avosafe® concentrations (50 - 
12,000 mg/L) were put into 125 mL flasks, and 
sterile PG (0.4%) and Tween 20 (0.03%) were added 
as vehicles. Consecutively, sterile PDA was added 
(40 - 50°C), and 20 mL of the solutions was poured 
into Petri dishes in triplicate, which were later 
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inoculated with B. cinerea in the same way. Each of 
the controls was prepared accordingly; PDA + 
inoculum (negative control; NC); PDA + PG 0.4% 
and Tween 20 0.03% + inoculum (control vehicles); 
PDA + PS + inoculum (positive control; PC).

Minimum inhibitory concentration
 The biological activity of semi commercial 
avocado seed oil rich in acetogenins was determined 
through the minimum inhibitory concentration 
(MIC) test according to Pacheco et al. (2017). Eleven 
different concentrations of Avosafe® (50 - 12,000 
mg/L) added to PDA cultures were tested using PS 
(1,000 mg/L) as a PC. The MIC was determined with 
the absence of mycelial growth and the conidial 
germination of the fungus (Moreno et al., 2012). The 
lowest concentration of Avosafe® resulting in a 
significant decrease in mycelial growth and/or 
conidial germination (> 90%) was considered the 
MIC.

Antifungal test of mycelial growth
 A 4.7 mm disc of a colony of B. cinerea 
incubated for 168 h in PDA was placed in the centre 
of the Petri dishes with PDA containing different 
concentrations of Avosafe® and controls. The 
inoculated plates were incubated (Felisa, Guadalaja-
ra, Mexico) at 18 ± 1°C for 96 h. Mycelial growth 
was measured every 12 h with a vernier calliper 
(Mitutoyo, Houston, USA). The bioassays were 
performed in triplicate, and the results of mycelial 
growth and percentage of growth inhibition were 
calculated according to Bazie et al. (2014) using Eqs. 
1 and 2:

Mycelial growth (%) = (diameter of the growth of the 
fungus in the treatment / diameter of the negative 
control) × 100               
             (Eq. 1)

Inhibition (%) = 100 – growth (%)            (Eq. 2)

The experimental mycelial growth data were 
adjusted to the kinetic Gompertz model according to 
Velásquez Vélez et al. (2013) using Eq. 3:

            (Eq. 3)

where, D0 = diameter at time zero (mm); Dt = 
diameter of the colony at one time (h); A = maximum 
growth of the fungus in the stationary phase (mm); 
Vmax = maximum growth rate (mm/h); λ = lag phase 
of the fungus (h); T = time (h); and e = 1/In.

Antifungal test of conidial germination
 For this evaluation, a colony of B. cinerea 
incubated for 168 h was used to prepare a conidial 
suspension. Ten millilitres of 0.1% Tween 80 was 
added to cover the colony; the surface was scraped 
with a sterile triangular Drigalski handle (avoiding 
the agar). The suspension was filtered using 
Whatman No. 1 paper, and serial dilutions [100 μL of 
the solution and 900 μL of sterile water at pH 3.5 
(strawberry pH)] were made. The suspension 
concentration was adjusted to 2 × 108 spores/mL 
using a Neubauer chamber and microscope. A 
volume of 10 μL of the final suspension was added to 
a concave slide pre-added with 100 μL of PDA with 
the treatments and controls. They were covered with 
a coverslip and placed into Petri dishes, allowing 
them to incubate for 5 h at 18 ± 1°C.
 The formation of the germinative tube in the 
conidia was observed under a microscope 
(BARSKA, Houston, USA) at 10× with a black and 
white filter. The percentage of conidial germination 
was determined by randomly selecting 100 conidia. 
Conidial germination was considered when the 
length of its germ tube reached half the size of the 
conidia. The percentage of conidial germination was 
calculated according to Plascencia et al. (2003) and 
Bazie et al. (2014) using Eq. 4:

Conidial germination (%) = ( number of germinated 
conidia / total number of conidia) × 100    
             (Eq. 4)

The experimental data of the germinated conidia 
against the time evaluated were adjusted via a kinetic 
model reported by Plascencia et al. (2003) using 
Eq. 5:

S= Smax / [1 + ((Smax - S0) / S0) exp–kt]               (Eq. 5)

where, S = percentage of germinated conidia after a 
certain time (h); Smax = maximum percentage of 
germinated conidia when t → ∞ (%); S0 = initial 
percentage of germinated conidia (%); and K = 
germination speed (1/h).

Statistical analysis
 A completely randomised design was used to 
analyse the effect of Avosafe® against B. cinerea. 
The dependent variables were mycelial growth and 
conidial germination, and the independent variables 
were the different concentrations of Avosafe® and 
controls. Means of the kurtosis and omnibus tests 
determined the normality of the data. They were 
analysed through a one-way analysis of variance 

Ln( ) =Aexp (-exp (Vmax*e/A) (λ-t) +1)    D0
Dt
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(ANOVA). When significant differences were 
detected, they were compared using Tukey-Kramer's 
multiple means comparison methods. The statistical 
package Statistical 2010 was used to determine the 
kinetic parameters. The analyses were performed in 
triplicate, with a confidence level of 95%, using the 
statistical package of NCSS 2007/GESS 2006.

Results and discussion

 During the isolation of B. cinerea, a white 
cottony mass was observed macroscopically, which 
later changed to olive brown or diffused grey, 
producing discoidal black sclerotia. Microscopically, 
flat ovoid conidia, uni-, and multinucleated with a 
size of approximately 8 to 10 µm representing 
colourless septate mycelia, which developed 
conidiophores with a size of 15 - 25 µm were 
observed. These are the typical B. cinerea macro- 
and micromorphology as reported by Pescador 
(2010) and Apolonio-Rodríguez et al. (2017). 
Following Koch's postulates and the experimental 
principles proposed by Fredricks and Relman (1996), 
it was observed that the artificially inoculated 
strawberries presented typical symptoms of B. 
cinerea disease Pescador (2010) and 
Apolonio-Rodríguez et al. (2017). Therefore, the B. 
cinerea was isolated, and a monosporic culture was 
obtained. The isolated B. cinerea was re-inoculated 
onto healthy strawberries to observe the development 
of the disease, and since a similar disease was 
observed, the B. cinerea was re-isolated, and a 
monosporic culture identical to the initial culture was 
re-obtained.

Antifungal test of mycelial growth
 During the mycelial growth of B. cinerea, all 
the treatments (T1 - T11) showed significant 
differences (p < 0.05) when compared with PS 
(Figure 1). It was observed that the Avosafe® 
treatment had the same fungistatic but not fungicidal 
effect as PS, which is a preservative used to extend 
the shelf life of processed products, and inhibited the 
growth, development, and pathogenicity of B. 
cinerea. The highest percentages of inhibition 
occurred with T9, T10, T11, and PS (73%). However, 
T11 (70%) did not present significant differences 
from T10 (67%), and the inhibition percentages of T9 
and T10 (65%, respectively) were similar (p > 0.05), 
thus this concentration was chosen as the MIC to 
determine the average IC50. Since T11 showed a 
greater percentage of inhibition than T9, the kinetic 
parameters of mycelial growth were estimated to 
determine which of the treatments exerted the  

greatest fungistatic effect (Table 1) based on the four 
observed variables. Focusing on T9 inhibition in 
contrast to T11, T10, and PS, they did not present 
significant differences during the lag phase (λ); 
therefore, B. cinerea managed to adapt to the culture 
medium after 46 h as opposed to the negative control 
that managed to adapt to the culture medium in 26 h. 
T9 was more effective when using the lowest 
concentration of PS. However, for the maximum 
mycelial growth rate (Vmax), T9 did not present 
significant differences from T10 and T11, but T11 did 
not present significant differences from PS, and was 
associated with a reduction in the maximum growth 
rate of B. cinerea from 1.70 to 1.32 mm/h, in contrast 
with the NC, which presented a maximum growth 
rate of 3.38 mm/h, and was significantly different 
from the other treatments (p < 0.05). The growth of 
Vmax and the regeneration time of B. cinerea were 
closely related since a period of time would be taken 
by B. cinerea to continue its development. The T9, 
T10, and T11 were not significantly different; the PS 
delays the regeneration time (TG) by 52 min, thus it 
can continue its growth in contrast with the NC, 
where B. cinerea only had to wait for 21 min to 
continue its development. During the maximum 
growth of B. cinerea in stationary (A) phase, the T9 
stationary phase did not show significant differences 
with that of T10, T11, and PS, where B. cinerea only 
reached 27 to 30 mm in the culture medium; in 
contrast, when there was no preservative in the 
medium (NC), it achieved up to 94 mm (p < 0.05). 
This variable is very important because at this stage, 
the metabolic state together with the adaptation 
period of B. cinerea in the lag phase showed an 
increase in the size of hyphae, greater protein 
content, DNA, and biomass (Kavanagh, 2018). In 
addition, Estrada and Ramírez (2019) reported that 
during this phase, nutrients are depleted, and biomass 
growth occurs; the mycelium enters a phase of 
dormancy or cell death, where modified hyphae 
create conidiophores and the formation of conidia, 
enzymes, and other metabolites such as mycotoxins 
begins. Since T9 did not show significant differences 
from PS in these two phases (λ and A), we chose this 
concentration as the MIC. Avosafe® was shown in a 
study by Salinas et al. (2017) to be comparable to 
other lipophilic synthetic products such as Mirenat®.
 Figure 2 shows the kinetics of mycelial 
growth of B. cinerea in the presence of 7,500 mg/L 
Avosafe® (T9); this phase (A) occurred after 60 h of 
incubation at 18 ± 1°C, an inversely proportional 
sigmoid curve representing the lag phase, 
exponential phase, and stationary phase of B. 
cinerea. T9 increased 3.80 log with respect to 2.84 
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Treatment ASA 
(mg/L) 

λ 
(h) 

Vmax  
(mm/h) 

A 
(mm) 

GT  
(h) 

R2 
(%) 

PS 1000 51.1 ± 1.4f 1.3 ± 0.0a 27.0 ± 3.4a 0.5 ± 0.0g 99.9 

T11 12000 47.2 ± 1.1ef 1.5 ± 0.0abc 25.9 ± 1.6a 0.5 ± 0.0def 99.9 

T10 10000 46.1 ± 0.5ef 1.6 ± 0.2bc 27.0 ± 1.2a 0.4 ± 0.0cdef 99.6 

T9 7500 45.6 ± 1.8ef 1.7 ± 0.2bcd 30.2 ± 1.2a 0.4 ± 0.0cde 99.8 

T8 5000 42.3 ± 0.9de 1.5 ± 0.0abc 37.4 ± 0.7b 0.5 ± 0.0defg 99.8 

T7 2750 37.1 ± 2.0cd 1.5 ± 0.0abc 46.4 ± 2.4c 0.5 ± 0.0efg 99.8 

T6 2000 32.7 ± 2.8bc 1.5 ± 0.1ab 47.7 ± 1.4c 0.5 ± 0.0fg 99.8 

T5 1000 32.3 ± 1.1bc 1.6 ± 0.1bc 44.9 ± 0.7c 0.4 ± 0.0cdef 99.6 

T4 500 32.4 ± 2.0bc 1.7 ± 0.0bcd 58.1 ± 1.5d 0.4 ± 0.0cde 99.9 

T3 250 30.8 ± 2.9ab 1.7 ± 0.1cd 57.8 ± 2.9d 0.4 ± 0.0cd 99.8 

T2 100 30.8 ± 2.8ab 1.9 ± 0.0d 68.2 ± 3.9e 0.4 ± 0.0bc 99.7 

T1 50 28.9 ± 2.2ab 2.2 ± 0.1e 67.0 ± 3.5e 0.3 ± 0.0b 99.6 

NC 0 25.98 ± 0.57a 3.38 ± 0.02f 93.77 ± 0.43f 0.21 ± 0.00a 99.57 
 1 

Table 1. Estimated kinetic parameters of the mycelial growth of Botrytis cinerea on 
potato dextrose agar following 96 h of incubation at 18 ± 1°C using the modified 
Gompertz model.

ASA = avocado seed acetogenin; ʎ = lag phase of the fungus (h); Vmax = maximum growth 
rate (mm/h); A = maximum growth of the fungus in the stationary phase (mm); GT = genera-
tion time; PS = potassium sorbate; and NC = negative control (potato dextrose agar). Values 
are mean ± standard deviation of triplicates (n = 3). Means followed by different lowercase 
superscripts are significantly different (p < 0.05).

Figure 1. Growth inhibition percentage of Botrytis cinerea on potato dextrose agar following 96 
h incubation at 18 ± 1°C. MG = mycelial growth (mm); %GI = percentage of growth inhibition; 
NC = negative control; and PS = potassium sorbate. Values are mean ± standard deviation of 
triplicates (n = 3). Means followed by different lowercase superscripts are significantly differ-
ent (p < 0.05).
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log of NC, and 4.21 log of PS, achieving a reduction 
of 0.96 log during this phase. Avosafe® showed a 
similar inhibition of Listeria monocytogenes by 
decreasing the initial concentration (1 log) to 
undetectable levels within 22.3 h after inoculation, 
and maintaining undetectable counts until the end of 
the experimental period (Salinas et al., 2017).  
Listeria monocytogenes possesses sex and vegetative 
cells that are even more resistant than B. cinerea cell 
wall. Millán et al. (2001) and Quispe (2010) showed 
that PS stops microbial growth by inhibiting the 
dehydrogenases involved in the oxidation of fatty 
acids, causing the accumulation of B-unsaturated 
fatty acids that are intermediate products in lipid 
metabolism. Another mechanism of action is 
associated with the double bonds of PS, which 
interfere with the catalytic activity of the enzymes 
responsible for microbial growth, thus becoming an 
effective fungicide (Lück and Jager, 2000). 
Avosafe® contains potent bioactive molecules that 
are exclusively present in avocado seeds; 
AcO-avocadene and persenone A are the major 
compounds with double bonds, where a terminal 
methylene confers greater potency to avocado lipid 
derivatives than a terminal acetylene group 
(AcO-avocadenyne). This group possesses a terminal 
acetylene that increases the antimicrobial activity 
four-fold as compared to AcO-avocadene, which has 
a terminal methylene, an acetyl moiety, and multiple 
unsaturated bonds (two to three) in the aliphatic 
chain. Some persenones, including the most potent 
antilisterial acetogenins (persenone C and A), also 
feature a trans-enone group (Pacheco et al., 2017; 
Salinas et al., 2017; Villarreal-Lara et al., 2019; 
Rodríguez-Sánchez et al., 2019).

 Characteristic charge-remote fragmentation 
is a phenomenon of unsaturated fatty acids, and the 
presence of abundant fragments corresponded to the 
cleavage of the carbon-carbon single bonds adjacent 
to every existing unsaturated bond on its side of the 
unsaturation (vinylic cleavage, C=C-) for spectra of 
AcO-avocadiene B. This results reflected the 
occurrence of vinylic cleavage, which confirmed the 
presence of two double bonds (C12 - C13 and C16 - C17) 
for AcO-avocadyne and AcO-avocadene, reflecting a 
type of cleavage (acetylenic C-C- and vinylic 
cleavage, respectively). The fragment generated 
from a carbon-carbon single bond suggested allylic 
carbon-carbon cleavage (C=C-C-) on the side of the 
unsaturated bond (Salinas et al., 2017; 
Rodríguez-Sánchez et al., 2019).
 Salinas et al. (2017) showed that the activity 
of Avosafe® was comparable to that of the lipophilic 
synthetic product (Mirenat®); this product is within 
the formulated products based on LAE® (ethyl 
lauroyl arginate), intended for food preservation with 
high antimicrobial activity against all kinds of 
moulds and yeasts at very low doses. Its mechanism 
of action is on the cytoplasmic membrane of 
microorganisms, altering their metabolic processes, 
and inhibiting their normal cycle without producing 
cell lysis. Therefore, T9 was the best treatment for the 
following tests.

Antifungal test of conidial germination
 T9 was used as the minimum fungistatic 
concentration (MFC), and T12 was used as the IC50 
(661 mg/L) of mycelial growth to determine the 
effect on conidial germination. The conidia content 
in Czapek agar between T9 and T12 was not different 

Figure 2. Kinetics of mycelial growth of Botrytis cinerea on potato dextrose agar following 96 
h of incubation at 18 ± 1°C; (A) negative control, potato dextrose agar; (B) positive control, 
potassium sorbate; and (C) is T9 = 7,500 mg/L Avosafe®.
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(p > 0.05) (Table 2), where conidial germination was 
inhibited by 82 and 78%, respectively. The conidia 
were observed under a digital microscope for 5 h 
(Figure 2), and germination was considered when the 
germ tube of the conidia was more than half of the 
conidial length. There were no differences in the 
MFC and IC50 of mycelial growth, achieving up to 
82% inhibition in conidia, and obtaining an IC50 of 
75.42 mg/L for conidial germination; while PS 
inhibited 90% of conidia, presenting differences (p < 
0.05) with other treatments. The initial percentage of 
germinated conidia (S0) did not show significant 
differences with PS and other treatments. When the 
germination speed (K) started, there were significant 
differences between PS and other treatments; 
therefore, Avosafe® retains even more of the 
germination speed than PS, similar to Leite et al. 
(2009), who studied Colletotrichum gloeosporioides, 
and showed a higher percentage of inhibition over 
the germination of conidia, and to González et al. 
(2015), who identified a peroxiredoxin-5 
mitochondrial precursor, two peroximal dismutases, 
and two superoxide dismutases in dormant cells. This 
suggests that the stress resistance of conidia may 
develop strongly during the early stages of 
germination (Van Leeuwen et al., 2013). In addition, 
a related phenomenon that may affect this process 
was as explained by Choquer et al. (2007). Botrytis 
cinerea induces oxidative shock to plant cells during 
early stages of the infection process, accumulating 
hydrogen peroxide in the germ tube, which could 
also explain how peroxiredoxin and catalase 
enzymes are downregulated during the germination 
process to maintain high levels of hydrogen peroxide 
in the germ tube during germination. During this 
phase (S0), it was suggested that stress resistance of 
the conidia develops in the first stages of germination 
if these enzymes are affected; no significant 
difference (p > 0.05) was found among T9, T12, and 

PS for S0. It also presented the highest percentage of 
inhibition for germinated conidia; the Smax for the 
maximum percentage of x-time germinated conidia, 
PS showed greater inhibition, and was significantly 
different from T9 and T12.
 Avosafe® stopped the start of germination 
speed (K), thus affecting some signalling pathways 
responsible for the germination process of B. cinerea 
conidia; germination induction by rich media is 
weakly dependent on BMP1 (gene essential for 
pathogenicity). Induction by carbon sources requires 
BCG3 (mutant), cAMP, and BMP1 (host surface 
recognition and penetration ability of germinated 
conidia). Additionally, induction by contact with 
hydrophobic surfaces depends on BMP1 
(Doehlemann et al., 2006), so Avosafe® may affect 
this gene. Therefore, Avosafe® could cause a delay 
of up to 0.30 min represented by an R2 of 97.6% 
(Table 2), which predicts a good adjustment of the 
kinetic model used.
 According to these results, it can be 
hypothesised that the lipophilic nature of acetogenins 
may easily allow Avosafe® to penetrate the cell 
membrane of conidia because of its double bonds, 
similar to PS, which interfere with the catalytic 
activity of the enzymes responsible for growth, 
attributing to its fungistatic effect. This stabilises free 
radicals through the donation of an electron by 
hydrogen molecule, thus resulting in an increase in 
the membrane permeability and then in cell lysis 
(Figure 3); structurally, a second OH- group at C-4 in 
the aliphatic chain of AcO-avocadene, as compared 
to a trans-enone group in persenones, could confer 
the former a higher polarity against B. cinerea, 
showing that Avosafe® had good bioactivity 
(Villarreal-Lara et al., 2019). Furthermore, PS 
mechanisms of growth inhibition on fungi are due to 
the presence of a carboxyl group (-COOH) and the 
number of carbon atoms in their structure 
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Table 2. Estimated kinetic parameters of percentage, inhibition, and germination of 
conidia of Botrytis cinerea on Czapek agar following 5 h incubation at 18 ± 1°C.

ASA = avocado seed acetogenins; %G = percentage of germination; %I = percentage of inhibi-
tion; Smax = maximum percentage of germinated conidia when t → ∞ (%); S0 = initial percentage 
of germinated conidia (%); K = germination speed (1/h); PS = potassium sorbate; and NC = 
negative control (potato dextrose agar). Values are mean ± standard deviation of triplicates (n = 
3). Means followed by different lowercase superscripts are significantly different (p < 0.05).

Treatment ASA 
(mg/L) %G %I Smax  

(%) 
S0  

(%) 
K  

(1/h) R2 

PS 1000 10c 90c 13.43 ± 2.12a 0.01 ± 0.01a 1.69 ± 0.31b 98.6 

T9 7500 18b 82b 20.97 ± 2.03b 0.19 ± 0.11a 1.29 ± 0.19a 97.8 

T12 661 22b 78b 23.84 ± 1.85b 0.29 ± 0.16a 1.32 ± 0.20a 97.6 

NC 0 94a 6a 98.61 ± 2.37c 0.77 ± 0.23b 1.60 ± 0.11ab 99.5 
 1 
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(Mohammadzadeh et al., 2018). These results agree 
with those determined for endospores of Clostridium 
sporogenes (Doyle et al., 2001) and vegetative cells 
of L. monocytogenes (Salinas et al., 2017). Botrytis 
cinerea could be affected by AcO-avocadenyne, 
AcO-avocadene, and persenones. Pacheco et al. 
(2017) showed its antimicrobial activity against C. 
sporogenes endospore germination with high 
inhibitory zones.

Conclusions
 Avosafe® showed a fungistatic effect 
against B. cinerea which reduced its mycelial growth 
under in vitro conditions, and mainly affected its 
stationary growth phase. The inhibition percentage of 
conidial germination was very similar to that found 
with potassium sorbate. Therefore, Avosafe® could 
be a natural alternative in the control of B. cinerea. 
However, further studies are needed to test other 
inhibition techniques and evaluate the use of 
Avosafe® as a preservative in a food matrix.
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