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ABSTRACT 

In Chihuahua, north Mexico, the berries of Solanum elaeagnifolium (trompillo or silverleaf nightshade) have been used 
in the manufacture of artisanal filata-type asadero cheese. Solanum elaeagnifolium is a wild plant that possesses prote-
ases in its fruit; those enzymes exhibit general proteolytic activities, which are useful in traditional asadero cheesemak-
ing as a rennet substitute. These type of cheese is softer than those made with rennin or chymosin due to their water 
content and proteolysis. Thus, the aim of this work was to explore microbiological susceptibility of asadero cheese 
made with an extract from ripe berries and compared with those elaborated with commercial rennet. Crude extract of 
such fruit was obtained by salting out with ammonium sulfate (40%). Cheeses were obtained by a standardized process 
only changing the enzyme, packaged in plastic bag or vacuum bag and storage at 4˚C - 6˚C. The study included the 
analysis of spoilage bacteria (total aerobic count, yeasts and molds), indicators of hygiene (total coliforms and E. coli) 
and fecal contamination (fecal coliforms) after 1, 7, 14, 21 and 28 days of production. Although cheese made with S. 
elaeagnifolium had lower microbial growth, the aerobic count and yeasts and molds count of all cheese samples show-
ing a 28 days shelf life. Total coliforms, in limits beyond the established ones by the Mexican legislation for human 
consumption with no effect of the enzyme type used for production, as well as for fecal coliforms. Differences were 
detected just for packaged method, suggesting that good manufacturing practices take place not the plant coagulant. 
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1. Introduction 

In Chihuahua Mexico, asadero cheese is produced and 
consumed along the state. It is a fresh cheese of stretched 
curd type, pleasantly tangy white cheese, and production 
is typically a home-based enterprise. The cheeses with 
these characteristics, especially stretchability, are mem- 
bers of the pasta filata group and include Mozzarella, 
Provolone, and Kashkaval [1]. 

The berry of the Solanum elaeagnifolium Cav (silver- 
leaf nightshade) or so called trompillo in Mexico, is used 
as a rennet substitute in the production of asadero cheese. 
Chihuahua’s natives use the trompillo as a coagulating 
enzyme source [2]. S. elaeagnifolium is a deep-rooted, 
native perennial, which rarely reaches a height of more 
than 3 feet; leaves are alternate and entire. Leaf margins  

are normally wavy. Flowers are typical of the nightshade 
family, potatoes, peppers, and tomatoes [3]. The fruit, 
initially spherical, green and fleshy, becomes yellow to 
orange at maturity. 

Trompillo is a wild plant that possesses proteases in its 
berry; those enzymes exhibit general proteolytic activi- 
ties, which are useful in traditional asadero cheesemak- 
ing, reported since about one century [4]. Plant coagu- 
lants share biochemical features with chymosin, the en- 
zyme of the rennet. Both, chymosin and plant coagulants 
cleave the Phe105-Met106 bond of the milk protein 
κ-casein, but plant coagulants are more proteolytic and 
have broader specificity on αs1- and β-caseins than chy- 
mosin [5-7]. However, it is possible to obtain cheeses 
with adequate functional properties with S. elaeagni- 

Copyright © 2013 SciRes.                                                                                  FNS 



Microbiological Quality of Asadero Cheese Manufactured with  
a Plant Based Coagulant from Solanum elaeagnifolium 

76 

folium berries as an enzyme source. Several authors have 
reported the use of plant’s enzymes (cardosins from Cy- 
naras) in different handmade cheeses and showed that the 
sensory characteristics of those cheeses are similar or 
better than cheeses manufactured with commercial rennet 
[8-10]. Similar cheeses to asadero cheese have a shelf 
life of 6 wk, but usually develops an off-flavor and loses 
textural integrity by 4 wk, potentially due to the lack of 
salt and high moisture that allow the outgrowth of unde- 
sirable bacteria [11]. 

Cheese is a complex and dynamic microbial ecosystem 
characterized by the presence of a large variety of bacte- 
ria, yeasts, and molds. Some microorganisms, including 
species of lactobacilli or lactococci, are known to con- 
tribute to the organoleptic quality of cheeses, whereas the 
presence of other microorganisms may lead to spoilage 
or constitute a health risk [12]. The microbial safety of 
foods continues to be a major concern to consumers, 
regulatory agencies and food industries throughout the 
world. Many food preservation strategies have been used 
traditionally for the control of microbial spoilage in 
foods but the contamination of food and spoilage by mi- 
croorganisms is a problem yet to be controlled adequa- 
tely. There is no information about effect of S. elaeagni- 
folium on the microbial safety of asadero cheese. The 
aim of this work was to explore microbiological suscep- 
tibility of asadero cheese made with an extract from ripe 
berries and compared with those elaborated with com- 
mercial rennet. 

2. Materials and Methods 

2.1. Sample Collection 

Wild trompillo’s fruits were obtained from fields in Cd. 
Juárez, Delicias and Rodrigo M. Quevedo, Chihuahua 
State, Mexico. Ripe yellow fruits were stored at −20˚C. 
Commercial Chymosin (Rennin Laczyme-20, Enmex, 
Mexico) was used. Bovine milk was supplied by the De- 
partment of veterinarian science, Autonomous University 
of Ciudad Juarez. 

2.2. Enzyme Extract 

The berries of S. elaeagnifolium were macerated and 
homogenized 1:3 with 0.1 M acetate buffer (pH 5.2), 1% 
Polyvinylpolypyrrolidone (PVPP) was added to prevent 
oxidation. Supernatant was recovered at 2000 × g for 5 
min at 4˚C. Crude extract was obtained from the super- 
natant by salting out with ammonium sulfate (40%), pel- 
let was recovery at 2000 × g for 5 min at 4˚C, and solubi- 
lized in acetate buffer pH 5.2, to obtain a protein concen- 
trate extract (CE). Extract’s protein was quantified by 
Bradford method [13] and stored at −20˚C until used. 

2.3. Preparation of Cheeses 

Asadero cheeses were obtained by a standardized process, 
just changing the enzyme source. Fresh milk pasteurized 
at 63˚C during 30 min was acidified by citric acid (10%) 
addition until 34˚D were reached and warmed to 32˚C. 
Calcium chloride (0.02%), Lactic culture DMS® Delvo- 
Tec MT-53X/54Y DSL (Latococcus lactis subsp lactis l, 
Latococcus lactis subsp cremoris and Streptococcus ther- 
mophilus) were incorporated according to the manufac- 
turer’s instructions. Commercial rennet (CR) or CE was 
added at equivalent proportions. Incubation was held at 
32˚C for 40 min. The coagulum formed was cut with a 
spatula into small cubes of about 1 cm3, and maintained 
at 35˚C until milk’s whey reached 34˚D. Whey was re- 
moved and sodium chloride was added (1.4%). Curd was 
melted at 60˚C - 63˚C until it formed elastic strands; 
these were dried at ambient temperature, 15 min each 
side. The strips were rolled, weighed and divided into 
samples of 10 g. The samples were packed in both seal- 
able polyethylene bag or in vacuum sealable bag and 
stored at 4˚C - 6˚C until analysis. 

2.4. Evaluation of Manufacture Practices 

Different levels of care in the process were considered 
because of the implications of the artisanal manufacture 
of asadero cheese. Cleanup actions were implemented, 
sanitation and control of pollution sources. Process A, 
surface cleaning was performed on tables, utensils and 
equipment, using commercial cleaning agents. The per- 
sonnel was wearing gown and cap. Process B, the proc- 
ess further A, surfaces were sanitized with a quaternary 
ammonium solution 200 ppm. Staff was wearing gown, 
cap and gloves. Process C, as well as the process used in 
A and B, plus the utensils were immersed in chlorine 
solution 50 ppm and flamed; aluminum foil was used for 
draining cheeses. Process D, plus all the practices men- 
tioned above, was denied entry to people to the area of 
the cheese making, room ventilation was closed, utensils 
were sterilized during the whole process and staff was 
wearing gown, cap, gloves and masks [14]. 

2.5. Microbiological Analysis 

The milk was analyzed for the total coliforms content, 
before and after pasteurization. The asadero cheese sam- 
ples made with CR or CE, packaged in resealable plastic 
bags and bags under vacuum were analyzed for spoilage 
bacteria (total aerobic count, yeasts and molds), indica- 
tors of hygiene (total coliforms) and fecal contamination 
(fecal coliforms), according to standardized procedures 
of the Bacteriological Analytical Manual [15]. Bacterio- 
logical tests were performed on days 1, 7, 14, 21 and 28 
storage. Yeast and molds were analyzed until day 28 and 
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35. In determining fecal coliform Most Probable Number, 
a confirmatory test was conducted for the presence of 
Escherichia coli. The microbiological evaluation results 
of the two types of cheese were compared using the Stu- 
dent t-test (p < 0.05) using the statistical program SPSS 
15.0 (Statistical Package for Social Sciences, SPSS Inc. 
Chicago, Ill.). 

3. Results and Discussion 

3.1. Analysis of Microorganisms in Milk 

The total coliform limit for pasteurized milk should be 10 
CFU/mL at the production plant and 20 CFU/mL at the 
point of sale, as provided by the Mexican legislation [16]. 
No pasteurized milk from this study was 35,000 CFU/mL 
and <3 CFU/mL for pasteurized. The counts were con- 
ducted in the 1:10 dilution and the value found for total 
coliforms in pasteurized milk was lower than the limit set 
in the Mexican standards and are consistent with the re- 
sults determined by others [17,18]. This result is impor- 
tant because it implies that there is no contamination 
prior to experimental treatments. 

3.2. Manufacture Practices 

The effect of Good Manufacturing Practices (GMP) in 
total coliform counts for cheese made with CE and com- 
mercial packaging in sealable plastic bag and under vac- 
uum packaging can be seen in Figure 1. The results re- 
flect a decrease of coliforms based on the process used A 
> B > C > D. The set of operations carried out in the 
process D proved to be the best in terms of quality 
healthcare for Asadero cheese making, which is consis- 
tent with the statement by related studies [17,19]. 

The incubation step is the period in which opportunis- 
tic microorganisms can grow and affect the final quality 
of cheese whether appropriate conditions exist. It is nec- 
essary to consider the cleaning and disinfection of all 
equipment used in the processing of cheese or any other 
food as well as having a HACCP plan [17]; although this 
is so difficult in the traditional and small cheese plant. 
An advantage of asadero cheese making is that one of the 
last stages is carried out at melt temperatures similar to 
pasteurization, so that this could be a control point if 
properly done. 

3.3. Total Coliforms Count 

The Figure 2 shows the total coliform counts in cheese 
made with CE and CR packaged in resealable plastic bag. 
The number of colonies tend to decrease over time in 
both treatments, without representing a significant dif- 
ference (p < 0.05) between them until day 21. At day 28, 
treatment with CE showed a decrease in the number of  

 

Figure 1. Effect of safe handling in different process of hand- 
made of Asadero Cheese. CRnv, Commercial rennet and 
plastic bag treatment without vacuum; CRv, Commercial 
rennet and vacuum bag treatment; CEnv, S. elaeagnifolium 
Concentrate extract and plastic bag treatment without va- 
cuum; CEv, S. elaeagnifolium Concentrate extract and va- 
cuum bag treatment. 
 

 

Figure 2. Total coliforms counts in Asadero Cheese during 
storage. CEnv, S. elaeagnifolium Concentrate extract and 
plastic bag treatment without vacuum; CRnv, Commercial 
rennet and plastic bag treatment without vacuum. Different 
letters represent difference statistically significant (p < 
0.05). 
 
coliform colonies (p < 0.05), compared with CR cheese. 
Similar results have been reported in related cheeses 
during ripening [11,18,20]. This behavior is caused by 
the development of starter cultures, as they at pH 4 and 5 
in dairy products inhibit the common and pathogenic 
flora, achieving lengthen the shelf life of product. More- 
over, some studies indicate that the starter culture has a 
competition for colonization sites and substrates, fer- 
mentation products (organic acids, hydrogen peroxide, 
etc.) inhibitory to many pathogens [21]. 

Furthermore, it has been shown that lactic bacteria as 
Lactococcus sp. Lactis, Streptococcus thermophilus and 
Lactobacillus, and others, produce bacteriocins capable 
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of inhibiting both gram positive and gram negative [11, 
22,23]. Therefore, the decreasing growth of total coli- 
forms along Asadero cheese storage may be due to lactic 
microorganisms development. 

3.4. Effect of Packaging on Fecal Coliform 

The results of cheese with CE packing under vacuum 
during the different storage days, can be seen in Figure 3. 
According to the Standard Mexican legislation the maxi- 
mum limit of fecal coliforms in cheese is 100 CFU/g [24]. 
This limit was exceeded on day one of storage, as shown 
in the graph, but tends to decrease with advancing stor- 
age time. The result shows a behavior similar to that de- 
veloped for total coliforms. From the seventh day of stor- 
age, the cheese in both types of packaging decreased 
fecal coliform count over that obtained on day one, rep- 
resenting count below the limits set by the legislation. 
This behavior has been reported in similar studies in dif- 
ferent cheeses, in addition to the discussed in the previ- 
ous section, this is attributing to inhibition by the starter 
cultures due to the substrate competition [11,21,25]. This 
trend is repeated in both packages, presenting a positive 
effect on vacuum packaging with lower microbial load 
present. This is because the vacuum packing limits the 
availability of oxygen. The cheese packed under vacuum 
was favorable for controlling coliform microorganisms, 
since lower counts were significantly different (p < 0.05) 
compared with cheese packed in sealable plastic bag, 
these results are consistent with microbiological studies 
conducted in different packaged foods [26]. 

Both cheeses made with CE and CR showed no 
growth of E. coli during the storage period. The presence 
of E. coli in foods such as cheese, involves a direct or 
indirect contamination, reflecting poor hygiene and in- 
adequate process, so that the product can be considered 
safe. 

3.5. Total Aerobic Count 

The aerobic microorganisms count for cheeses made with 
the two types of coagulant and packaged in resealable 
plastic bags are show on Figure 4. The trend for both 
treatments was increasing the UFC during storage. Both 
CE and CR cheeses had a higher count, especially at 21 
and 28 days. These results are considered as a normal 
process, some authors have found that most of the lactic 
acid bacteria in cheese, after 15 days of ripening, occu- 
pied the most aerobic count and that after a month have 
dominated the bacterial community [27,28]. This corre- 
late with the lower coliforms count, since has been dis- 
cussed that lactic acid bacteria growing in raw milk or 
cheese and tend to give a protective action against a large 
number of undesirable microorganisms. It should be  

 

Figure 3. Fecal coliforms in Asadero Cheese handmade with 
S. elaeagnifolium Concentrate extract, packaging under va- 
cuum (CEv) and no vacuum (CEnv). Different letters rep- 
resent difference statistically significant (p < 0.05). 
 

 

Figure 4. Aerobic mesophilics counts in Asadero Cheese. 
CRnv, Commercial rennet and plastic bag treatment with- 
out vacuum; CEnv, S. elaeagnifolium Concentrate extract 
and plastic bag treatment without vacuum. 
 
noted that the aerobic mesophilic count is not considered 
at this point as an indicator of spoilage, this microbial 
flora is part of the starter culture added (Lactococcus 
lactis subsp lactis, Lactococcus lactis subsp cremoris and 
Streptococcus thermophilus). This bacteria show an in- 
creasing growth throughout the asadero cheese shelf life 
and this is desirable for the cheese formation and to add 
acid flavor and sensory characteristics of the final prod- 
uct [29,30]. 

3.6. Yeast and Molds 

The trend of growth of yeast and molds in cheeses made 
with CE or CR is shown in Figure 5. Although the 
greatest growth observed was on CR cheese, it is within 
the safe limits allowed by Mexican law, which is 500 
CFU/g [24]. Cheeses of the two treatments were within  
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Figure 5. Molds counts in Asadero Cheese. CEnv, S. elaeag- 
nifolium Concentrate extract and plastic bag treatment with- 
out vacuum; CRnv, Commercial rennet and plastic bag treat- 
ment without vacuum. Different letters represent difference 
statistically significant (p < 0.05). 
 
the limits until 21 and 28 days of storage. CE Cheese still 
remained within the safe limit established by Mexican 
law at the day 35, different to the CR treatment that have 
increased molds, resulting different at 35 days (p < 0.05), 
which probably means that S. elaeagnifolium extract may 
have an anti-mold ability or produce cheese characteris- 
tics inappropriate for mold growth at the long term. In 
some reports with cheese similar to this study it was 
found that the cheese made from goat milk stored at re- 
frigeration (4˚C) remains unchanged from fresh and mi- 
croorganism deterioration after 35 days of storage [31, 
32]. Yeast and molds in foods often cause impairment, 
function as health indicators and behave as pathogens 
through the production of toxins, however in the case of 
ripened products made with molds, their presence has no 
a meaning health [12]. The mold on the surface of fresh 
cheeses suggests early deterioration and lack of freshness. 
Its microscopic development in food poses a risk in the 
production of toxic substances to the health of consumers 
[33]. This kind of microorganisms are most often found 
in soft cheeses, usually comprising the genera Alternaria, 
Aspergillus, Cladosporidium, Monilia, Mucor and Peni- 
cillium and yeasts Geotrichum candidum and Candida 
spp. [34,35]. 

4. Conclusions 

There were no differences between the two types of co- 
agulants in most microbiological parameters; there are no 
effects of the plant coagulant S. elaeagnifolium on the 
microbiological quality of asadero cheese during 28 days 
of shelf life. Coagulant plant tends to inhibit the mold 
growth until 35 days, however further investigation is 
recommended. Manipulation of pasteurized milk at room 
temperature is an important point of post-pasteurization  

contamination. The contamination with undesirable mi- 
croorganisms in the incubation step can result in a safety 
hazard for asadero cheese. The terms of packaging and 
storage temperature of finished product are also impor- 
tant. Good manufacturing practices remain crucial for 
obtaining an optimal hygienic quality product. Consider- 
ing that S. elaeagnifolium (Trompillo) is a weed with 
substantial distribution in northern Mexico, could be con- 
sidered as an industrial source of milk coagulant in the 
manufacture of different cheeses. Before a further appli- 
cation of S. elaeagnifolium extract in cheese, the sensory 
evaluation is recommended. Development of cost effec- 
tive isolation procedures that yield standardized extracts 
as well as safety and toxicology evaluation of this co- 
agulant requires a deeper investigation. 
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