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INTRODUCTION

Chicken meat is highly appreciated in 
Brazil and worldwide. It is mainly due to its high 
nutritional quality, wide availability, better cost-
effectiveness compared with other animals. In addition 
to its flavor and versatility of consumption chicken 
meat has reduced religious restrictions. Preparation is 
much appreciated in cooking and in the food industry 

(EMBRAPA, 2022). This food is present in the daily 
diet of Brazilian people with its per capita consumption 
in 2021 leading to 45 kg/inhabitant (ABPA, 2022).

The Brazilian poultry sector has expanded a 
lot following the global trend of a gradual increase in the 
consumption of chicken meat. Its economic relevance is 
undeniable since Brazil is the second-largest producer of 
chicken in the world, behind only the United States, with 
more than 14 million tons produced in 2021, of which 
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ABSTRACT: The domestic and international market is increasingly seeking for foods with reduced chemical additives. The viability using a 
versatile product as mechanically separate meat (CMS) to produce safety food is necessary to expand the product market. Hansenula wingei 
strain was selected, a yeast known as a killer toxin for poultry CMs application. The first part of this study consisted of defining the best growth 
condition for yeast, static or agitation, as well as the time either growth. The result obtained was the medium without agitation and 108 hours of 
growth at room temperature. The extract was subjected to the atomization drying process and the pulverized extract obtained was evaluated in 
vitro for minimum inhibitory concentration (MIC) tests for Salmonella sp, Staphylococcus positive coagulase, E. coli and mesophilic bacteria. 
Proximal composition, which the most relevant values to be analyzed were directed to total proteins that were 4.26g% (± 0.66) and 4.37g% (± 
0.01) for agitation and unrestrained system, respectively. In the result of MIC, dry extracts were efficient in controlling the growth of all tested 
bacteria, including Salmonella spp. In the in situ tests, in which mechanically separated meat was raw materials to determine the antimicrobial 
factor action against food pathogens the concentration of 0.083g/ml of dry extract in its raw form obtained an inhibition factor as satisfactory as 
healing salts traditionally applied by the carneous industry. The viability of its growth and concentration for drying, can be considered a viable 
antimicrobial  with good prospects for bio-conservative action.
Key words: bioconservative, antimicrobial, toxin killer, biocontrol, foodborne pathogens, poultry meat. 

RESUMO: O mercado nacional e internacional busca cada vez mais por alimentos com reduzido teor de aditivos químicos. Estudar a 
viabilidade de um novo método de conservação natural de um produto tão versátil como a carne mecanicamente separada (CMS) se faz 
necessário para expandir o mercado do produto, seguindo as tendências das demandas alimentares dos consumidores atuais. Portanto foi 
selecionada uma cepa de Hansenula wingei, uma levedura conhecida pela produção de toxina killer para aplicação em CMS de aves. A 
primeira parte deste estudo consistiu em definir qual a melhor condição de crescimento para a levedura, consistindo este em ser estático ou 
em agitação, bem como o tempo no qual haveria o maior pico de crescimento da mesma. O resultado obtido foi o meio sem agitação e com 
108 horas de crescimento a temperatura ambiente. Na sequência o extrato foi submetido ao processo de secagem por atomização e o pó obtido 
foi avaliado in vitro para testes de concentração mínima inibitória (MIC) para Salmonella sp, Staphylococcus coagulase positivo, E. coli e 
Mesofilos aeróbicos e definição de sua composição proximal, a qual os valores mais relevantes a serem analisados eram direcionados para 
proteínas totais que foram 4.26g% (±0.66) e 4.37g% (±0.01) para sistema com agitação e sem agitação, respectivamente. Como resultado de 
MIC, os extratos secos mostraram-se eficientes no controle do crescimento de todas as bactérias testadas, inclusive Salmonella spp. Nos testes 
in situ, no qual a carne mecanicamente separada foi a matéria prima testada para determinar a ação fator antimicrobiano contra patógenos de 
alimentos a concentração de 0.083g/ml do extrato seco, em sua forma bruta, obteve um fator de inibição tão satisfatório quanto aos sais de cura 
aplicados tradicionalmente pela indústria cárnea e pela viabilidade de seu crescimento e concentração por secagem, pode ser considerado um 
antimicrobiano viável e com boas perspectivas para ação bioconservante.
Palavras-chave: bioconservador, antimicrobiano, toxina killer, biocontrole. patógenos alimentares, carne de aves.
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a third was exported, generating a national income 
of more than 7.5 million dollars (EMBRAPA, 2022).

According to the OECD-FAO (2022) 
Agricultural Outlook relative to market projections, 
global poultry meat consumption is expected to 
increase by 16% by 2031, which means that poultry 
farming will continue to be the main driver of poultry 
production growth meat. On a per capita basis, these 
robust growth rates in poultry consumption reflect the 
significant role it plays in the national diets of several 
populous developing countries, including China, India, 
Indonesia, Nigeria, Egypt, South Africa, Malaysia, 
Pakistan, Peru, the Philippines and Vietnam.

Among several ways to market chicken 
meat, mechanically deboned meat (MDM) has been 
widely spread due to its inexpensive cost, nutritional 
value and is used as a potential sustainable source 
of meat protein for food applications (PAGLARINI 
et al., 2022). Furthermore, MDM is easy to obtain 
and industrialized products such as emulsified 
and restructured meat products (e.g.; sausages, 
hamburgers, and nuggets), maintaining flavor and 
being useful for home cooking (PAP et al. 2022). 

The international market is strict upon 
Brazilian poultry meat, imposing different standards 
for its import, mainly in the Middle East. Among the 
most common requirements are distinctive slaughter 
practices (e.g., halal – geared towards folks with 
Islamic religious affiliation), reduced microbial loads, 
and the use of chemical additives (UBABEF, 2013). 
Thus, many Brazilian industries have been trying to 
adapt to this reality to stay competitive.

To reduce microbial load, in addition to 
Good Manufacturing Practices (GMPs), the food 
industry can make use antimicrobials if it does not 
incur irregularities in the process (BRASIL, 2000). 
Meat quality monitoring methods are defined by Food 
and Agriculture Organization (FAO) and include good 
hygiene and manufacturing practices (GHPS, GMPs), 
HACCP and other rules and food safety regulations. 
Despite the constant concerns, the microbiological 
safety guarantee systems must receive more attention 
in different countries, being the interest in the food 
degradation  important as it leads with disease 
development and may result in serious damages to 
human health (FAO, 2019). Temperature is one of the 
critical factors that may limit the deterioration of meat 
and meat products during processing, transportation 
and storage. It is known that increased temperature 
promotes the growth of bacteria, enzymatic activities 
that lead to economic losses. The deterioration of meat 
can be controlled by decreasing the temperature 
to 4 °C soon after slaughter for storage, and this is 

also the case for processed meat products effectively 
controlled by rapid freezing due to the development of 
microcrystals (REBEZOV et al., 2021).

According to BENSID et al. (2022), 
antimicrobials are substances of natural, semisynthetic, 
or synthetic origin that may be naturally present 
in food or may be added to delay or prevent the 
proliferation and growth of spoilage and pathogenic 
microorganisms (bacteria, yeasts, and, molds), 
and thus ensure food safety and quality. However, 
consumers have increasingly demanded high-quality 
foods with fresh flavor, minimally processed, and 
using fewer chemical preservatives. Therefore, to meet 
this demand, bio-preservatives has been investigated 
and shown potential to provide effective antimicrobial 
activity while reducing negative effects to health (YU 
et al., 2021).

Bioconservation or biocontrol refers to the 
controlled use of microbiota or its antimicrobial product 
to extend the shelf life of a product or ensure its safety 
(CALAZANS et al., 2021). This field of biotechnology 
has already made several advances in recent decades. 
Among these are the natural antimicrobials widely 
used in the industry, such as Nisin, a bacteriocin used 
to preserve dairy products, lact acid bacteria (STRACK 
et al., 2020). In agriculture and food industries, the 
interest is to apply yeast killer toxins as bioprotective 
agents which prevent the growth of competing 
microorganisms (STAROVIČ, 2020). 

Killer toxins are one of these antimicrobial 
products used as biopreservatives. They are 
extracellular proteins produced by yeasts that can 
inhibit the growth of other sensitive microorganisms 
(FERREIRA, 2019). Yeasts with a killer factor 
have been extensively applied in vivo to control 
fungal growth in vegetables and fermentative musts, 
including those of the genus Hansenula (FONTANA 
et al. 2017). Given the growth in research and market 
needs, we decided to use a strain of Hansenula 
wingei (Hw) to produce antimicrobial and analyze its 
characteristics, as well as its potential application in 
dry form as a biopreservative in poultry MDM.

Thus, this study analyzed physicochemically 
a fermentation product of Hw, determining its 
antimicrobial efficacy after the drying process and its 
potential as a biopreservative in poultry mechanically 
deboned meat (MDM), aiming to broaden the scientific 
debate on biocontrol in food.

MATERIALS AND METHODS

From a solid culture of Hansenula wingei 
CMRP4947 (Hw) on potato dextrose agar (PDA), a 
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pre-inoculum was standardized in McFarland Scale 
1 - about 3.0x107 yeasts/mL, from which an aliquot 
of 100µL was transferred to six 1L flasks with yeast 
medium broth. Afterward, a 3L aliquot was transferred 
to 500mL erlenmeyer flasks and incubated under 
agitation at 110rpm in a shaker, and the remaining 
3L statically, both at 25ºC for 148 hours. During 
incubation, a 3 mL aliquot of each growth condition 
(stirred and static) was aseptically collected, and 
these samples were subjected to absorbance reading 
by spectrophotometry at 600nm, 640nm, and 660nm. 
The readings were taken at 0, 24, 36, 48, 60, 72, 84, 
96, 108, 120, 132, and 148 hours.

After 148 hours incubation time, the 
crude extract of each growth condition (stirred and 
static) was centrifuged at 10,000 rpm for 10 minutes, 
and the supernatant separated from the precipitate. 
Then, the supernatant was filtered through 0.44-µm-
mesh membranes using a vacuum pump, while the 
precipitate was discarded. The crude extract was then 
dried by spray-dryer atomization, following: a feed 
flow rate of 0.7L/h, inlet temperature of 112 °C, air 
flow of 1.93m³/h, and 0.7mm nozzle. 

The proximal composition of the dry extract 
was determined by analyzing total carbohydrates by 
a phenol-sulfuric method adapted from DUBOIS 
et al. (1956), total proteins by the biuret method of 
GORNALL et al. (1949), moisture by the infrared 
method of INSTITUTO ADOLFO LUTZ (1985), 
and fixed mineral residue (ash) by 550 °C, with the 
results expressed as g/100 g (AOAC, 2000). Content 
of lipids, in turn, was determined by difference.

The effectiveness of the killer toxin after 
concentration by drying process was ensured by tests 
of minimum inhibitory concentration (MIC) against 
Escherichia coli, Salmonella spp., and Staphylococcus 
coagulase positive strains, using Hw dry extract diluted 
at a concentration of 0.25g/mL. As a negative control, 
1.5% lactic acid was used. These microorganisms were 
previously isolated from the poultry slaughter line 
where the MDM analyzed in this study is produced.

For MIC determination, the test bacterias 
were activated in BHI broth (38 °C/24-h) and 
inoculated in Mueller Hinton (MH) medium plates 
for 24-h additional growth and adaptation to the test 
medium. From this plate, colonies were diluted in 
MH broth at 0.5 McFarland scale (1.5x108 CFU/mL), 
and diluted again 100x for inoculum standardization 
to 1.5x106 CFU/mL.

Each well of a 96-well microplate 
was added with 100µL MH broth and, except for 
control and also 100µL test bacteria (1.5x105 CFU). 
Six aliquots of diluted extract were also added, 

namely: 50, 60, 70, 80, 90, and 100µL, which thus 
encompassed six concentrations of dry extract 
to be tested. The process determined the lowest 
concentration to fully inhibit the microorganisms 
tested. The concentrations comprised: 0.041g/mL, 
0.05g/mL, 0.058g/mL, 0.066g/mL, 0.075g/mL, and 
0.083g/mL.

All wells received a total of 300µL 
containing MH medium, inoculum, and extract. 
Bacterium were added to collum wells in triplicates.  
Increasing concentrations of dry extract of Hw were 
added to the rows wells at the following proportions: 
0, 50, 60, 70, 80, 90, and 100µL, plus control in 
added with lactic acid at 1.5% and without inoculum. 
Microplates were incubated at 37C/24H, followed an 
increase in the turbidity of the solution was observed, 
directly related to cell growth.

Chicken MDM was provided by a local 
abattoir and was previously analyzed in its quality 
control laboratory, following the current legislation 
(BRASIL, 2000). The analyses followed the 
guidelines of the seventh edition of the FDA Food 
Code (2022). For Salmonella spp., Staphylococcus 
coagulase-positive, as well as aerobic mesophilic 
microorganisms, all the results were within the 
standards. This preliminary analysis aimed to rule 
out potential cross-contamination or the influence of 
existing microorganisms.

Once received in the UTFPR laboratory, 
the MDM sample was divided into thirty-six 25-g 
portions, packed in sterile plastic bags. These sub-
samples were identified according to the inoculum, 
they would receive and their freezing time. Twelve 
out of the 36 samples were inoculated with an 
aliquot (previously standardized at 1.5x105 CFU/g) 
of Staphylococcus coagulase-positive, 12 with E. coli 
(representing aerobic mesophilic microorganisms), 
and 12 with Salmonella spp. Among the bacterial 
inoculated samples, three received a water and sodium 
nitrate solution at 0.03g/100g, which is the standard 
(P) to simulate the incorporation of curing salts into 
meat products in which MDM is used. Another six 
samples were inoculated with Hw dry extract, three 
under static (Hw1) and three under stirred (Hw2) 
systems. Samples under both conditions were diluted 
in sterile water (1:1), and the inoculum concentration 
in the extract was set to 83mg/g of MDM. Finally, the 
last three samples received no inoculum or treatment, 
making up the control (C).

MDM samples were frozen at -8 °C 
for up to 90 days, as required by MDM legislation 
(BRASIL, 2000). After 30, 60 and 90 days, 12 
samples were removed for analysis, one of each 
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treatment. Analyses were adapted from the following 
methods: Plate count method APHA 39.63:2015 
for Staphylococcus coagulase-positive, Plate count 
method APHA 08:2015 for aerobic mesophilic and 
ISO 6579 method for presence/absence of Salmonella 
spp in foods.

Statistical analysis was performed using 
the Biostat program (free software) in which 
quantitative descriptive analysis was carried out, 
and T test. 

RESULTS AND DISCUSSION

The results of spectrophotometric 
absorbance indicated turbidity in the medium due 
to yeast growth, i.e., the higher the absorbance is, 
the higher  the cell concentration is. Figure 1 shows 
the difference between a sample incubated under 
agitation and a sample in a static condition. The higher 
absorbance in samples under agitation from the first 
24 hours indicates greater turbidity, hence greater cell 
growth. In figure 1, it becomes clear the difference 
in absorbance readings between static (600E, 640E, 
660E) and stirred (600A, 640A, 660A) systems. 
Yeasts growth under agitation, as seen by the medium 
turbidity, is about twice that of yeasts under the static 
system. This result corroborated the data that Hw is a 
restrictively aerobic yeast. Therefore, under agitation, 

oxygen becomes more available to cells, increasing 
numerical growth. The analyses highlighted that the 
600-nm wavelength was the best to determine Hw 
growth, both for static and agitation systems.

Based on extract weight, average yield 
of 0.55% for crude extract under the static system 
and 1.13% for crude extract under agitation. Table 
1 shows the results of physical-chemical analyses. 
Significant differences between the means of growth 
systems were verified by the t-test.

Proximal composition results raised some 
questions. Differences in extract compositions do not 
account for the difference in drying efficiency, with 
the extract under agitation showing twice the yield. 
The main difference is related to carbohydrate and 
moisture contents. However, protein content, which 
is the key point of this study, showed no significant 
difference between both growth systems.

Ash contents agreed with the amounts of 
ammonium sulfate and sodium chloride inserted in 
the yeast culture medium. High ash contents (Table 
1) resulted in high concentrations of salts since the 
medium itself was rich in sodium sulfate, ammonium 
sulfate, and sodium chloride.

It was not possible to detect total lipids 
in the samples. The results were not conclusive in 
different methodologies tested. In this sense, more 
sensitive methods should be tested for analysis of 

Figure 1 - Growth curve of the yeast Hansenula wingei under static conditions and with agitation using 
the same culture medium and turbidity (absorbance) indicating its growth performed at different 
wavelengths (600 a 660 nm).
Growth under agitation (A) and static (E) systems.
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carbohydrates and proteins, once the methods used in 
this study may not have been the most suitable for the 
dry extract of Hw.

TAN et al. (2018) obtained for total 
protein from Metschnikowia saccharicola value 
4.5g/100ml. RAGAVAN & DAS (2020) obtained 
values ranging from 0.56 to 48mg/100ml of total 
protein. Both authors working with purification 
of the killer fractions. Specifically in the material 
used in this research, as dry extract product of 
the fermentative process, a total of 4.26g% and 
4.37g% for HW growth with and without agitation, 
respectively (Table 1) 

From antagonism tests (MIC), observation 
of the turbidity of the wells, and indicated that the 
less cloudy, the greater the inhibition of bacteria 
tests. Different results were obtained between the 
dry extract under agitation and compared to the 
static system. When was tested the extract under 
agitation there was an inhibition of pathogen strains 
(Salmonella spp.) At the highest tested concentration 
of 0.083g/ml. While on the plate that dry extract was 
used in the static system, there was inhibition of the 
strains at smaller concentrations, such as Salmonella 
spp. at 0.066g/ml, and there was also inhibition 
of E. coli strain and partial  inhibition of positive 
coagulase Staphylococcus. The defined MIC, from 
these observations was 0.083g/ml, the highest tested 
concentration, but even knowing the protein content 
(4-6 %) of the extract, the content of the killer toxin, 
is still unknown, for which detailed tests should be 
performed in the future.

The concentrations used in the dry extract 
of Hw used in this research as numerical values 
with purified toxins are compared to that used in 
research carried out by RAGAVAN & DAS (2020) 
of probiotic yeast strains Yarrowia lipolytica VIT-
MN01, Kluyveromyces lactis VIT- Killer toxin 
producing MN02, Lipomyces starkeyi VIT-MN03, 

Saccharomycopsis fibuligera VIT-MN04 and 
Brettanomyces custersianus VIT-MN05. Among the 
five yeasts, three strains showed higher production 
of killer toxin. The maximum activity was obtained 
at concentration of 12 aU/mg against Saccharomyces 
cerevisiae strain, The results suggested that the 
killer toxin by these probiotics   can be used 
as an antimicrobial agent to control microbial 
contamination in the food industry. Metschnikowia 
pulcherrima yeast strains have strong biocontrol 
activity against several microorganisms. 

In a study carried out by BEDIR & 
KULEASAN (2021) specifically with purified 
killer toxin from this yeast, at concentrations of 1% 
and 2% in the formulations of beef meat balls, they 
obtained positive results for the control of microbial 
growth for total mesophilic aerobic bacteria, total 
aerobic psychrotrophic bacteria, coliform bacteria and 
Staphylococci/Micrococci. Conversely, RAGAVAN & 
DAS (2020) needed 50µL purified toxin killer to control 
E. coli development,  as it can be seen from these two 
groups cited, the concentrations of antimicrobials used, 
even starting from purified products, vary considerably, 
which is justified since the active principles are 
different in their mechanisms of action.

In research presented by RAGAVAN 
& DAS (2020) with purified killer protein, they 
obtained protease activity indicating that there was 
inhibition of bacterial growth, although they do not 
specifically indicate in this article which killer toxin 
was obtained. The results suggested that yeast killer 
activity can be chosen to control gram positive and 
gram negative bacteria. The great difference between 
the methodologies of RAGAVAN & DAS (2020) and 
this research group is that purification was not carried 
out to obtain the killer toxin, so the crude dry extract 
from the fermentation process was used, being a 
preliminary study of a potential antimicrobial action. 
ÇORBACI & UÇAR (2017) studied a killer toxin 

 

Table 1 - Proximal (partial) composition of dry extracts of Hansenula wingei submitted to two growth conditions, with agitation and 
static. 

 

 -------------------------Agitation (%)----------------------- --------------------------Static (%)--------------------------- 

Carbohydrates 5.72 (±0.31)a 4.4 (±0.7)b 
Proteins 4.26 (±0.66)b 4.37 (±0.01)a 
Moister 10.45 (±0.35)b 12.65 (±0.35)a 
Ashes 49.6 (±1.7)a 48.72 (±0.32)a 

 
a, b - Different lowercase letters in the same line (Tukey Test) indicate that samples are different from each other. (±) indicates standard 
deviation of the analyzes performed. 
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from Debaryomyces hansenii strains; however, they 
didn’t use purification processes of the fermented 
material, that is, they developed the research with the 
crude extract, and obtained positive results for the 
studied antimicrobial activity.

The antagonism (MIC) tests are 
concluded, the tests directly began in the MDM, for 
which they defined specific potential inactivation of 
Staphylococcus coagulase-positive and mesophyls 
in the presence of dry HW extract obtained from 
the HW1 and HW2 growth means during 90 days of 
freezing, that is, what is approved by the Brazilian 
legislation for MDM.

Table 2 displays the results of inoculated 
MDM microbiological analyses. The control is 
inoculated samples with test microorganism, but 
without treatment with HW extracts. Standard refers 
to samples inoculated and treated with curing salt. 
And, Hw1 and Hw2 refer to samples inoculated and 
treated with dry extract of Hw from static and stirred 
systems, respectively.

The absence of typical Salmonella sp. 
colonies in selective and differential culture medium 
is related to the freezing temperature, as their growth 
is inhibited even in ranges considered as low as 2 °C, 
but hardly at freezing temperatures (BONNET et al., 
2020). Mesophiles grew more expressively than did 
typical Staphylococcus colonies. This difference may 
be largely due to the known cold shock proteins in 
E. coli (ZHOU et al., 2021; PHADTARE, 2004). The 
antimicrobial action of Hw dry extract was more evident 
through counts of aerobic mesophiles (Table 2).

All the treatments differed for microbial 
counts, mainly at 30 days. The differences between 
counts at 30 and 60 days were mostly due to the cell 
death of microorganisms that could not survive under 
freezing temperature for long. Counts at 30 days and 
that of control were below the inoculum, the former 
being 1.5x105 and the latter 2.3x104. This also points 
to the negative effect of freezing on bacteria, mainly 
due to cell lysis by the formation of water crystals 
(MADIGAN et al., 2019). Differences were observed 
between treated and control samples, as well as between 
those treated with Hw dry extract from the static system 
and the other treatments. Based on that, we may 
conclude that the dry extract from static fermentation 
of Hw had better antimicrobial action than the curing 
salts traditionally used by the meat industry. Thus, our 
finding imperatively reinforces the potential of this 
extract to be used as a biopreservative in MDM.

Table 3 compares the inhibition factor of 
Hw dry extracts with the standard used for curing 
salts, by comparing microbial counts of treatments 
with that of control. The use of cure salt in this 
experiment was a way of indicating the efficiency 
of HW extracts, since curing salt is notoriously 
known for its bacteriostatic and preservative action 
in the meat industry (USDA, 2020). The higher the 
percentage, the stronger the inhibition of microbial 
growth. For Staphylococcus counts, the standard 
treatment used in the industry had similar efficacy to 
that with dry Hw extract from the static system. For 
mesophilic counts, the same extract had much higher 
efficacy in all counts. Therefore, Hw dry extract from 

Table 2 - Counts of colonies of microorganisms inoculated in poultry MDM (in CFU/g). 
 

-------------------------------------------------------------------------Staphylococcus------------------------------------------------------------------------- 

 30 Days 60 Days 90 Days 
Control 1.2x10⁴ <10 <10 
Standard 3.5x10² <10 <10 
Hw1 5x10² <10 <10 
Hw2 3.5x10³ <10 <10 
----------------------------------------------------------------------------Mesophiles--------------------------------------------------------------------------- 
  30 Days 60 Days 90 Days 
Control 2.3x10⁴ 2.8x10³ 3.5x10³ 
Standard 8.7x10³ 1.4x10³ 1.2x10³ 
Hw1 2.9x10³ 8.2x10² 6.9x10² 
Hw2 7.1x10³ 6.7x10² 7.1x10² 

 

Control = No treatment; Standard = curing salts treatment; Hw1 = treatment with static dry extract; Hw2 = treatment with agitation dry 
extract. 
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the static system has an inhibiting action equal to or 
greater than that of curing salts traditionally used as 
antimicrobials in the meat industry.

Overall, when comparing our findings 
with the parameters expressed by JONES, et al 
(2011) for potential biopreservatives, dry Hw extract 
can be considered as: non-toxic and regulated, as it 
is produced by a GRAS-recognized strain; low cost, 
because growth medium, process, and drying used 
are cheap and raw material is easily found; effective 
at low concentrations, as both MIC value and MDM 
test proved to be effective at an 8.3% concentration; 
without medical applications, as no publications were 
found proposing Hw extract for medical uses. Lastly, 
the sensory impact of Hw dry extract use in foods and 
its effectiveness after a long-term cooling or freezing 
must be further evaluated.

CONCLUSION

It is feasible to dry the early broth from 
growth of Hansenula wingei through spray dryer in 
parameters in this study and its use as in vitro and in 
situ antimicrobial, and it presented as effective as the 
curing salts used by the meat industry. However, it 
is necessary to research more about the constitution 
of this possible killer factor and future studies about 
purification and further clarification of its structure.
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