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Abstract Nitrates have an insignificant toxicity. They are considered virtual toxic substance 

because they convert into nitrogen, which have a toxic potential well known. Milk 

contaminated with nitrates must be severely restricted. 

Objectives of our research took into account the wholesomeness of milk to determine 

nitrates and nitrites. Sixty samples of raw milk (15 samples per season) were taken into 

consideration, to see the level of nitrites and nitrates from processed milk for consumption. 

To study the remanence of nitrates and nitrites in the finished product 60 samples of cheese 

were also analyzed. 

Following the conducted research, no evidence has exceeded the maximum permissible 

limit for nitrates and nitrites which is max. 10 mg/ liter milk. For samples of cheese were not 

found values above 10 ppm that is the maximum permissible limit for nitrates and nitrites in 

cheese. Nitrates are concentrated in cheese 1.3 times. The content of nitrites in the cheese 

falls by 1.9 times, from 0.03367 mg/ l in milk to 0.01728 mg/ kg in cheese. 
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Introduction 

Nitrates and nitrites added to food can cause 

formation of cancerous N-nitroso compounds, whereas 

exposure to perchlorate is especially emphasised as an 

important risk factor for newborns’ health. (SUNGUR 

[17]) Some epidemiological studies linking intake of nitrate 

and nitrite with gastric cancer in humans indicated a 

positive correlation. (SIMION & al [16]). 

The main sources of contamination of milk are: water, 

placing fraudulent ammonium nitrate in milk and nitric acid 

used to remove “Stone Milk” on pasteurizers with plate. 

Nitrites from milk are highly toxic, especially for children. 

Nitrites concentrations grow 5-10 times in severe heat 

treatment, therefore, to feed infants and children separation 

techniques through semi-permeable membrane were 

developed. (ŢIBULCĂ [21]). 

Water polluted with nitrates and nitrites can get into 

milk especially during cleaning operations of equipment 

and containers. The main source of water contamination  

is the ammonium nitrate used as basic chemical fertilizer  

in agricultural practice (SINDILAR [18], JIMBOREAN  

& al [11]). 

Nitrates and nitrites get in animals through feed and 

water. Nitrogen is absorbed  by plants in  the  form of either  

ammonium (NH4+) or nitrate  (NO3-), and  its accumulation 

is influenced by a series of factors that are  depending on 

the species, cultivar, age and soil conditions (SIMION & al 

[16]). Although animals can ingests large amounts of 

nitrates and nitrites, organic tissues contain relatively small 

amounts, due to rapid metabolism and excretion in the 

urine. Additionally, in ruminant a large part of nitrates 

and nitrites is subject to changes by ruminal microflora. 

(BONDOC [2], COSTIN [7]). The nitrate may naturally 

present in milk and the level of it depends on the quality of 

feeding materials (i.e. water, feeds) of cows. (TOPÇU [19]). 

Nitrogen content in milk is very low. According to 

Walker, milk content in nitrogen is between the values of 

20 and 40 mg nitrate/ liter. This variation in the analytical 

data is determined by nature of the feed consumed. 

(WALKER [23]).  

In preparations of milk in 2006, the Brasov area, the 

average content of nitrite was 0.009 g/ kg and ranged from 

not detected to 0.64 mg/ kg, and the average nitrate 

content was 0.95 mg/ kg and ranged from not detected and 

12.95 mg/ kg. (CRISTEA [4]). 

In some countries may be added nitrate in the milk 

used to prepare cheese to prevent bloating caused by 

coliform, but mainly to prevent latter bloating produced by 

some clostridia. Part of the nitrate is removed in the whey 

and some are converted intoharmless compounds in the 

maturation process. (COSTIN [6], JIMBOREAN [10])  

In addition, the residual quantity decreases gradually 

during maturation (GUŞ [8], BONDOC [2]). 

In Brazil, the use of these additives is permitted at 

maximum levels of 50 mg/kg. The basis of the previously 

validated method is the quantitative reduction of nitrate to 

nitrite through cadmium column and spectrophotometric 

determination after nitrite diazotation with sulphanilic 

acid/alpha-naphtol reagent. From all samples analyzed,  

38 (88.37%) showed neither a nitrate nor nitrite detectable 

content; 5 samples (11.63%) presented nitrate, 4 of them 

being above the tolerated level and only one (2.33%) 

showed detectable nitrite, however below the permissible 

limit. The majority of samples did not show nitrate or nitrite 

at detectable levels. However, though probably safe from a 

toxicological point of view, the results can implicate an 

increased risk of bacteriological contamination. (SERAPHIM 

[15]). In other researches, the highest level of nitrate  

and nitrite was found in green cheese (17.52 mg/kg and 

respectively at 21.16 mg/kg) obtained from sheep milk. 

(TUDOR & al [20]). 

Objectives of our research are to assess the level  

of nitrites and nitrates from processed milk for their 

consumption and remains detectable in the final product: 

cheese. 

 

Materials and Methods 

Cheese preparation 

Cheeses have the primary feature of the technological 

process to obtain curd which, after maturation and 

slicing, is subjected to scalding temperature of 72-74°C 

(BANU [1] CODOBAN [5], COSTIN [6], ŢIBULCĂ [22], 

JIMBOREAN [10]). 

Curd preparation involves the following: milk 

reception, cleaning and standardization of milk, milk 

pasteurization and cooling, preparation for coagulation 

which consists of adding calcium chloride (clotting ability 

of milk increases, it adds 10 to 20 g/100 liters of milk) and 

selected cultures of lactic bacteria (Lactococcus lactis ssp. 

lactis, Streptococcus thermophilus and Lactobacillus 

casei). Lactococcus lactis ssp. lactis is a regular agent of 

milk spontaneous acidification, hydrolyzing lactose into 

lactic acid. Streptococcus thermophilus produce a weak 

acidification and a specific flavor. Lactobacillus casei is a 

proteolytic bacteria and plays a role in cheese maturation. 

(BANU [1], CODOBAN [5], COSTIN [6], ŢIBULCĂ 

[22], JIMBOREAN [10]). Pasteurization is able to 

destroy essential microflora, enzymes and pathogens in milk. 

It should be noted that inactivation level of microorganisms 

depends on the amount of microorganisms, growth phase 

and other factors. (CIPROVICA [3]). 

The coagulation of milk takes place at 32 ... 35°C, for 

30-40 minutes. Processing the curd is then made, and the 

resulting curd maturates at 18-26°C for 6 ... 10 hours after 

a pH 4.8 to 5.0 is achieved in curd. Mature curd is cut into 

slices having a thickness of 0.3 to 0.5 cm and a width of  

3-6 cm and is scalded at 72 ... 74°C for 50-60 s in brine with 

10-12% salt. The slurry is allowed to air in molds, and is 

maturated. Storage is done at 4 ... 6°C and φ = 85-90%. 

(GUZUN [9]). 
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Experimental design 

The reference method for the determination of nitrite 

in milk is Griess method. The reference method for nitrates 

is colorimetric method with meta-xylenol. This method 

determines total nitrogen. Nitrate content is calculated by 

the difference between total nitrogen and the nitrite 

determined by Griess method and expressed in equivalent 

nitrate. (JIMBOREAN & al [12], MUREŞAN [14]). 

Determination of nitrate and nitrite is done through 

the following methods: determination of nitrate with 

diphenylamine (nitrates form with diphenylamine a blue 

colored complex; color intensity is proportional to the 

concentration of nitrates in the analyzed sample and is 

measured colorimetrically); the method for determining the 

indole nitrite (nitrite formed with indole in sulfuric acid 

medium, a pink-colored complex; the intensity of the color 

is proportional to the nitrite concentration in the sample to 

be analyzed and is measured colorimetrically). In case of 

dispute the method used is to reduce nitrate to nitrite in 

cadmium copper environment. The reagents used must be 

of quality for analysis or of equivalent quality. Water must 

be distilled or of equivalent purity, free of nitrates and 

nitrites. (ŢIBULCĂ [21]). 

 

Results and Discussions 

NO3
¯ and NO2¯ limits for milk and measures to be 

taken are: 

For NO3
¯: 

 lack NO3
¯, but correlated with NO2¯ it is freely admitted 

in consumption; 

 up to 10 mg/ liter is allowed in consumption without 

restrictions; 

 from 10 mg/ liter to 100 mg/ liter is excluded from food 

for children under one year and is admitted for adults; 

 more than 100 mg/ liter is excluded from consumption 

and is processed in fermented cheese products. 

For NO2¯: 

 lack NO2¯ but correlated with NO3¯ is freely allowed 

freely in consumption; 

 less than 10 mg/ liter is allowed without restrictions in 

consumption; 

 more than 10 mg/ liter, regardless of the amount of 

NO3¯ is excluded from consumption and is processed in 

fermented chesses. (BONDOC [2]) 

The determined levels of nitrates and nitrites in raw 

milk are shown in Table 1.  

 

Table 1. Variation of nitrates and nitrites content in raw milk 

Crt. 

No 
Season 

Samples/ 

season 

Nitrates                                    

NO3
¯, mg/1 

Nitrites                                       

NO2
¯, mg/l 

0-0.05 0.051-0.1 > 0.1 0-0.05 0.051-0.1 > 0.1 

1. A 15 3 12 - 10 5 - 

2. W 15 - 14 1 8 7 - 

3. Sp 15 4 11 - 13 2 - 

4. Su 15 1 14 - 13 2 - 

TOTAL 60 8 51 1 44 16 - 

% 100 13.3 85 1,7 73.3 26.7 - 

legend: A/ autumn; W/ winter; Sp/ spring; Su/ summer. 
 

 
Of the 60 milk samples investigated no evidence has 

exceeded the maximum permissible limit for nitrates and 

nitrites which is max. 10 mg/l milk. Nitrates had an 

average (±) of 0.0623 ± 0.004678 mg/l and a coefficient 

of variation of 58.16%. The determined values ranged 

between 0.001 and 0.3 mg/l. Statistically analyzing the 

nitrates variation, per seasons, shows the following: 

- In autumn, nitrates, had an average (±) of 0.05287 ± 

0.006306 mg/l and a coefficient of variation of  

46.19%. The determined values ranged between 0.001  

and 0.092 mg/l. 

- In winter, nitrates, had an average (±) of 0.08867 ± 

0.01547 mg/l and a coefficient of variation of 67.57%. 

The determined values ranged between 0.057 and 0.3 mg/l. 

- In spring, nitrates, had an average (±) of 0.0552 ± 

0.004762 mg/l and a coefficient of variation of  

33.41%. The determined values ranged between 0.001 and 

0.092 mg/l. 

- In summer, nitrates, had an average (±) of 0.0007488 ± 

0.05247 mg/l and a coefficient of variation of 5.53%.  

The determined values ranged from 0.05 to 0.061 mg/l. 

Nitrites had an average (±) of 0.03367 ± 0.003034 mg/l and 

a coefficient of variation of 69.81%. The determined values 

ranged between 0.0 and 0.08 mg/l. Statistically analyzing 

the nitrites variation, per seasons, shows the following: 

- In autumn, nitrites, had an average (±) 0.036 ± 

0.007024 mg/l and a coefficient of variation of  

75.56%. The determined values ranged between 0.01 and 

0.08 mg/l. 

- In winter, nitrites, had an average (±) of 0.05 ±  

0.004781 mg/l and a coefficient of variation of 37.03%. 

The determined values ranged between 0.02 and 0.08 mg/l. 
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- In spring, nitrites, had an average (±) of 0.02667 ± 

0.00504 mg/l and a coefficient of variation of 73.19%. The 

determined values ranged between 0.01 and 0.07 mg/ l. 

- In summer, nitrites, had an average (±) 0.022 ± 

0.004995 mg/l and a coefficient of variation of 87.94%. 

The determined values ranged between 0.0 and 0.06 mg/l. 

In Romania it is forbidden the use of nitrite in milk 

and milk products. Nitrites and nitrates are not toxic in their 

normal concentrations in food. Exceeding certain limits, 

however, have serious repercussions on the human body 

(COSTIN [7]). 

A large study whose results were presented by Şindilar 

(ŞINDILAR [18]) included a total of 210 milk samples, of 

which 95 samples of collected milk, where nitrates had 

limits of variation between 0 and 7.5 mg NO3
-/l, with an 

average of 2.7 NO3
-/l. 

The limits of variation of nitrate and nitrite in studied 

cheese samples are shown in Tables 2 and 3. 

As shown in table 2 values of nitrate were recorded 

as follows: 

• 93.3% of cheese samples had values of nitrate between 

0-0.1 ppm; 

• 6.7% of cheese samples had values of nitrate between 

0.11 to 1 ppm. 

 

Table 2. Variation limits of nitrates content in pressed cheese samples investigated 

Crt. 

No 
Season Samples 

Nitrates, ppm 

0-0.1 % 0.11-1 % 1.1-10 % > 10 % 

1. A 15 14 93.3 1 6.7 - - - - 

2. W 15 9 60 6 40 - - - - 

3. Sp 15 14 93.3 1 6.7 - - - - 

4. Su 15 15 100 - - - - - - 

Total 60 52 86.7 8 13.3 - - - - 

legend: A/ autumn; W/ winter; Sp /spring; Su/ summer 

 
Table 3. Variation limits of nitrites content in pressed cheese samples investigated 

Crt. 

No 
Season Samples 

Nitrites, ppm 

0-0.01 % 0.011-0.1 % 0.11-10 % > 10 % 

1. A 15 8 53.3 7 46.7 - - - - 

2. W 15 4 26.7 11 73.3 - - - - 

3. Sp 15 8 53.3 7 46.7 - - - - 

4. Su 15 8 53.3 7 46.7 - - - - 

Total 60 28 46.7 32 53.3 - - - - 

legend: A/ autumn; W/ winter; Sp /spring; Su/ summer 
 

 

As shown in table 3 of nitrite values were recorded as 

follows: 

 46.7% of cheese samples had values of nitrite ranging 

from 0 to 0.01 ppm; 

 53.3% of cheese samples had values of nitrite ranging 

from 0.011 to 0.1 ppm. 

No evidence had values > 10 ppm that is LMA for 

nitrates in cheese, according to Reg. EC 1881/2006. 

Statistically, nitrates had an average (±) of 0.08 ± 

0.005797 ppm and a coefficient of variation of 56.13%. 

The determined values ranged between 0.0012 and  

0.36 ppm. 

Statistically analyzing the nitrates variation, per 

seasons, shows the following: 

 Infall, nitrates, had an average (±) of ± 0.004898 

0.06721 ppm and a coefficient of variation of 28.22%.  

The determined values ranged between 0.0012 and  

0.078 ppm. 

 In winter, nitrates, had an average (±) of ± 0.008054 

0.06873 ppm and a coefficient of variation of 45.39%. 

The determined values ranged between 0.0014 and  

0.11 ppm. 

 In spring, nitrates, had an average (±) of 0.1139 ± 

0.01823 ppm and a coefficient of variation of 62.01%. 

The determined values ranged between 0.068 and  

0.36 ppm. 

 In summer, nitrates, had an average (±) of ± 0.005988 

0.07021 ppm and a coefficient of variation of 33.03%. 

The determined values ranged between 0.0012 and 0.11 ppm. 

Statistically, nitrite had an average (±) of ± 0.002279 

0.01728 ppm and a coefficient of variation of 102.16%.  

The determined values ranged between 0.0 and 0,066 ppm. 
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Statistically analyzing the nitrite variation, per 

seasons, shows the following: 

 In fall, nitrites, had an average (±) of ± 0.009867 

0.003567 ppm. The determined values ranged between  

0.0 and 0.04 ppm. 

 In winter, nitrites, had an average (±) of 0.01867 ± 

0.005257. The determined values ranged between 0.0 and 

0.066 ppm. 

 In spring, nitrites, had an average (±) of ± 0.004916 

0.0268 ppm and a coefficient of variation of 71.04%. 

The determined values ranged between 0.0 and 0.05 ppm. 

 In summer, nitrites, had an average (±) of ± 0.003416 

0.0138 ppm and a coefficient of variation of 95.87%.  

The determined values ranged between 0.0 and 0.04 ppm. 

No evidence had values > 10 ppm that is LMA for nitrates 

and nitrites in cheese. 

KORÉNEKOVÁ, (2010), in one of his studies on 

Emmental cheeses, obtained the mean NaNO2 content in 

untreated and in pasteurized milk of 0.2 and 0.1 mgkg-1, 

respectively and the mean NaNO3 content of 0.9 and  

0.9 mgkg-1 respectively. He also mentioned that the milk 

with nitrate added had the mean content of 81.2 mgkg-1 

NaNO3. The final product had a markedly decreased 

content of nitrates (3.3 mgkg-1 NaNO3) and nitrites  

(0.2 mgkg-1 NaNO2) when compared with the values in 

cheese during maturation (11.3 mgkg-1 NaNO3; 0.4 mgkg-1 

NaNO2). The results of his study showed that a 

considerable quantity of nitrates passed into the whey 

and that nitrates were added to the milk to prevent the 

blowing defect of hard cheese by micro organisms. 

(KORÉNEKOVÁ [13]). 

 

Conclusions 

From the 60 investigated milk samples no evidence 

has exceeded the maximum permissible limit for nitrates 

and nitrites which is max. 10 mg/l milk. Nitrates had an 

average (±) of 0.0623 ± 0.004678 mg/l. The determined 

values ranged between 0.001 and 0.3 mg/l. Nitrites had an 

average (±) of 0.03367 ± 0.003034 mg/l. The determined 

values ranged between 0.0 and 0.08 mg/l. 

Following statistical analysis of the values obtained 

regarding nitrate for raw milk samples and cheese final 

product we found statistically significant differences  

*** (p <0.001) for fall and winter samples and statistically 

significant * (0.01 <p < 0.05) for samples of spring and 

summer. Overall, registered statistical difference was 

significant * (0.01 <p <0.05). 

During processing nitrate concentrate into cheese  

1.3 times (from 0.0623 mg/l in milk to 0.08 mg/kg in 

cheese). 

Following statistical analysis of the values obtained 

regarding nitrite for raw milk samples and cheese final 

product we found statistically significant differences  

*** (p <0.001) for samples taken in winter distinctively 

statistically significant ** (0.001 <p <0.01) for the summer 

samples and statistically significant * (0.01 <p <0.05)  

for samples of autumn and spring. Overall, registered 

statistical difference was very significant *** (p <0.0001). 

During processing of nitrite, content in cheese 

decreases by 1.9 times, from 0.03367 mg/l in milk from 

0.01728 mg/kg in cheese. 
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Abstract 
 
The aim of this study was to develop a new assortment of high-quality cream cheese, with a high amount 

of biologically active compounds, namely a spreadable cheese from goat milk with addition of Aloe vera 
microcapsules and essential oils of thyme and oregano. The research was focused on the testing and 
optimization of an appropriate manufacturing recipe for this new product. Two assortments were made: one 
with Aloe vera microcapsules and thyme essential oil and the other one with Aloe vera microcapsules and 
oregano essential oil. For each assortment two different concentrations of Aloe vera and essential oils were 
tested. The obtained products were analysed for organoleptic, physico-chemical (fat, protein, total dry matter, 
sodium chloride and acidity) and microbiological parameters. In terms of consumer preferences, the cream 
cheese with 3% microcapsules of Aloe vera gel and 0.018% thyme essential oil was the most appreciated in terms 
of commercial aspect, consistency, and taste. We concluded that the addition of Aloe vera microcapsules 
improves the sensory characteristics and leads to an increase nutritional value of the finished product. Also, the 
addition of essential oils (thyme and oregano) ensured a stable quality during storage. 

 
Keywords: Aloe vera; essential oils; goat milk; spreadable cheese 
 
 
Introduction 
 
Essential oils (EO) are extracted from aromatic plants containing a variety of natural, biologically active 

components with antimicrobial and antioxidant properties (Amatiste et al., 2014; Hamedi et al., 2014; Yousefi 
et al., 2017, Khorshidian et al., 2018). Antimicrobial properties of essential oils against various microorganisms 
(L. monocytogenes, E. coli O157:H7, Aspergillus ochraceus ZMPBF 318, Penicillium spp.) have been reported 
in various studies (Kotzekidou et al., 2008; Yahyazadeh et al., 2008; Čvek et al., 2010; Jeong et al., 2014). 
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The oregano and thyme essential oils have significant antibacterial effects, due to the presence of their 
phenolic compounds, like carvacrol and thymol (Sakkas and Papadopoulou, 2017). In a study released by Burt 
and Reinders (2003), including four essential oils (oregano, thyme, bay and clove bud) the oregano and thyme 
oils showed the greatest antibacterial effect against Escherichia coli O157:H7. Various studies related to the 
antioxidant property of oregano essential oil, showed that it has strong antioxidant activity due to its high 
thymol and carvacrol content (McKay and Blumberg, 2006). 

Thyme essential oil is one of the ten more important essential oils due to its proven antimicrobial, 
antimycotic, and antioxidant effects. Many studies have shown that thymol and carvacrol, its main 
constituents, are responsible for these properties. According to regulation (EC) no. 1334/2008 thyme essential 
oil is on the list of essential oils generally recognized as safe for ingestion.  

Aloe vera is known as a perennial herb belonging to the Liliaceous family. It contains a large variety of 
nutrients and bioactive compounds, such as flavonoids, terpenoids, (Boudreau and Beland, 2006; Harlev et al., 
2012) fatty acids, mono-and polysaccharides (pectins and hemicelluloses), tannins and sterols. It also contains 
a variety of enzymes, minerals (calcium, chromium, copper, iron, magnesium, manganese, potassium, 
phosphorus, sodium, and zinc) and vitamins (A, C, E, β-carotene, B1, B2, B3, B6, choline, B12 and folic acid) 
(Sahu et al., 2013; Rodrigues et al., 2018; Marzanna et al., 2019). Aloe vera is used in the food industry as a 
functional ingredient (Kazhal and Samira, 2015). 

Microencapsulation may be defined as a packaging technology used for separating and storing materials 
in microscopic capsules, for later release under controlled conditions. The material that provides protection 
and controlled release of the bioactive compound is called coating material. In general, these matrices are 
natural or synthetic polymers (Cock and Castillo, 2013). 

Goat milk has high nutritional properties and lower allergenic effect as compared with cow’s milk, 
especially in non-sensitized children, which led to an increased interest in goat’s milk as a functional food 
(Albenzio and Santillo, 2011; Hassan, 2014). Spreadable cream cheeses are fresh cheeses produced by 
coagulating milk, cream or whey with acid, a mixture of acid and rennet, or a combination of acid and heat 
(Brčina et al., 2017). Fresh cheeses are characterized as slightly acid, soft, homogeneous products that are white 
in colour and smooth-textured (Frau et al., 2014). 

This study aimed to evaluate the effect of essential oils (i.e. thyme and oregano) and microcapsules with 
Aloe vera incorporation in a spreadable goat cheese product. This would enhance its nutritional value and 
functional properties by increasing its contents in bioactive compounds and will improve its quality and 
organoleptic properties. 

 
 

Materials and Methods 
 
Materials 
 

Three successive cream cheese trials were carried out. Goat’s milk was obtained from a local farm. The 
composition of the goat milk used was determined with an Ekomilk M apparatus (model Milkana KAM98-2A 
Bulteh 2000 Ltd, Stara Zagora, Bulgaria) and the mean values (±) of three replicates for all batches were as 
follows: 3.85 ± 0.07% fat, 3.78 ± 0.02% total protein, and 8.75 ± 0.05% non-fat dry matter. Titratable acidity 
was recorded as Thörner degrees (T°) according to the Thörner method (16.5±1 T°), and pH was measured 
with a pH meter (HI 99161, Hanna Instruments, Limena, Italia) (6.71±0.02). Dry plant material of two 
commercial plants (thyme and oregano) was used in this study to obtain essential oils. Starter cultures, 
including the mesophilic strains Lactococcus lactis subsp. lactis and Lactococcus lactis subsp. cremoris (Lyofast 
MO 142), were used. Powder animal rennet was obtained from Chr-Hansen’s Laboratories (Copenhagen, 
Denmark). Using species-specific primers, a PCR assay was performed to certify the presence of goat milk and 
to detect possible undeclared cow milk addition into the bulk milk used for cheese production experiments.  
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Preparation of microcapsules with Aloe vera gel  
The matrix encapsulation or microencapsulation was accomplished using a laminar flow through a 

nozzle and an additional vibration of the nozzles or liquid (Cock and Castillo, 2013). To obtain the gel from 
Aloe vera leaves, they were quickly processed in order to avoid oxidation. 

The Aloe vera gel was obtained by removing the shell, followed by a thermal treatment (72 °C for 12 
sec.). Finally, the gel was chopped and homogenized. For the chemical determinations, extraction of the 
compounds with methanol was performed. 

Microencapsulation was proposed as a successful strategy to improve the Aloe vera stabilization, to make 
easier their handling during cream cheese processing and to ensure its bioavailability when they are used as dairy 
food bioactive compounds. Thus, another objective of this study was to encapsulate bioactive compounds 
contained in Aloe vera gel in order to obtain microcapsules usable as natural food additives. 

  
Extraction of thyme and oregano essential oils 
For the flavouring process of the cream cheese, thyme and oregano essential oils were isolated by hydro 

distillation, using a Clevenger type apparatus. Fifty grams of dried and minced leaves were weighed and added 
into a distillation flask together with 750 ml of distilled water. The distillation process was performed during 
three hours. The yield was calculated as millilitres of essential oils per 100 g dry plant material (thyme or 
oregano). The obtained essential oils were dried using anhydrous sodium sulphate and stored in sealed vials at 
6-8 °C until analysis. 

 
PCR analysis of raw goat`s milk 
To identify possible undeclared addition of cow milk into goat bulk milk used for cheese production 

experiments, PCR assays were performed on samples collected from bulk milk under sterile conditions and 
transported at 4 °C. For the recovery of the somatic cells required for DNA extraction, the milk samples were 
centrifuged at 3000g for 10 minutes. DNA extraction from the cell pellet was performed with the DNesay 
Blood & Tissue kit (Qiagen), according the manufacturer instructions. Milk somatic cells recovered from the 
samples were digested in 90 µl of ATL solution and 10 µl of proteinase K, by incubation at 56 °C. Subsequently, 
200 µl of AL solution and 200 µl of absolute alcohol were added to each tube. The lysate was transferred to the 
purification columns and centrifuged at 8000 rpm for 1 min. The columns were subsequently washed with 
AW1 and AW2 solutions respectively. After centrifugation the DNA from the column filter was eluted in 50 
µl of AE solution. DNA concentration and purity were spectrophotometrically evaluated.  

To certify the presence of goat milk and an eventual undeclared cow milk addition into the bulk milk 
used as raw material we amplified two different size fragments from goat and cow mitochondrial DNA 
(cytochrome B gene).  

PCR amplification was performed with a commercial kit (2X Green Master Mix, Fermentas) in 25 µl 
reactions, containing: 12.5 µl - 2X reaction mixture (Taq polymerase, buffer, MgCl2 and dNTP), 6.5 µl sterile 
water, 2 µl of common-sense primer specific for cytochrome B of both species and 1 µl of each antisense primer 
specific for goat or cow. PCR amplification was performed in a thermocycler, under the following conditions: 
predenaturation – 95 °C for 3 minutes 1 cycle, followed by 35 cycles at 94 °C - 1 minute, 58 °C - 1 minute, 72 
°C - 1 minute.  

To differentiate the presumptive amplification products obtained in the amplification reactions, the 
samples were migrated in 2% concentration agarose gel, in 1X TBE buffer and 1X Gel Red Nucleic Acid Stain 
Gel, at 75 V for one hour. The gel image was analysed using a UV transilluminator system. 

 
 

  



Jimborean MA et al. (2021). Not Bot Horti Agrobo 49(1):12001 

 

4 
 

 

 

 

 

 

Cream cheese manufacturing 
Three fresh cheese making trials were carried out during three successive weeks. In each trial, cheese was 

made in one vat. Goat’s milk, obtained from a local farm, was pasteurized at 63-65 °C for 20-30 min. After 
pasteurization, the milk was cooled at 30 °C and each milk vat was inoculated with starter culture containing 
about 1 UC/100 l at the rate of 1% (3.5 × 106 cfu/g). After inoculation 20 g/100L of CaCl2 was added. Milk 
was fermented in a thermostatically controlled incubator for 1 hour at 31°C. When pH reached ≤ 6.5 (6.46), 
commercial rennet was added under stirring conditions in all vats. The mixtures were incubated at 25-28 °C 
for about 12 hours. The curd was set in cheese-cloths and was pressed in a ripen chamber for draining at 16-18 
°C. After drainage, the curd was cooled to 10 °C.   

Cream cheese with Aloe vera gel microcapsules and essential oils was made by blending and cooling at 
10 °C. During this procedure the cream cheese (90%) was salted (0.4% w/w) and mixed with sour cream (20% 
fat), 10% proportion. Two concentration of Aloe vera microcapsules (7% and 3%) mixed with thyme/oregano 
essential oil in ratios of 0.0072% and 0.018% were used. Then, cream cheese samples were packaged in plastic 
cups (250 g) and stored in the refrigerator at 2-6 °C for 21 days until analysis.  

The control cream cheese (M) was produced without essential oils and Aloe vera addition. The samples 
were coded as follows: P1C1-7% Aloe vera microcapsules and 0.0072% thyme essential oil, P2C2-3% Aloe vera 
microcapsules and 0.018% thyme essential oil, P1O1-7% Aloe vera microcapsules and 0.0072% oregano 
essential oil, P2O2-3% Aloe vera microcapsules and 0.018% oregano essential oil. 

   
Physicochemical and microbiological analysis 
Physicochemical analysis was performed using cream cheese (two samples from each cheese making 

trial). The methods specified in the following standards were used to determine the fat, protein, total dry 
matter, and sodium chloride content of the spreadable cheeses: SR ISO 3433:2009, SR EN ISO 8968-1:2014, 
SR EN ISO 5534:2004, SR EN ISO 5943:2007 and SR ISO 1740:2008.  

The antibacterial activity of essential oils was tested on the following bacteria: Staphylococcus aureus 
ATCC 25923, Escherichia coli ATCC 25922 and Salmonella enteritidis ATCC 13076. The objective was to 
identify the minimum inhibitory concentration (MIC) and the minimum bactericidal concentration (MBC) 
in accordance with the National Committee for Clinical Laboratory Standards (NCCLS, 1997). The 
minimum inhibitory concentration (MIC) was determined by using 96-well microtiter plates. 

The microbiological determinations of the cream cheeses were performed using the following standard 
methods: SR ISO 16649-2: 2007 Microbiology of food and feed - Horizontal method for the enumeration of 
positive Escherichia coli beta-glucuronidase. Part 2: Colony enumeration technique at 44 °C using 5-bromo-
4-chloro-3-indolyl beta-D-glucuronate; ISO 6881-1: 1999 Microbiology of food and animal feeding stuffs - 
Horizontal method for the enumeration of coagulase-positive staphylococci (Staphylococcus aureus and other 
species) - Part 1: Technique using Baird-Parker agar medium. 

 
Sensory evaluation 
A fifty-member sensory panel (aged 21-50 years, women, and men) evaluated one cream cheese of each 

type at the end of the manufacturing process. The cream cheeses were evaluated for appearance (creamy white), 
colour (white colour such as cream - degree of whiteness, low-yellow colour), consistency (Low-hard/High-
easy to spread on a cracker, creamy feeling of fullness in the mouth) and taste (fresh sourness-reminding of 
yoghurt). A five-point hedonic scale was used for appearance, colour, consistency, smell, and taste, ranging from 
0 (poor) to 5 (very good). 

    
Data analyses 
Data analysis was carried out using Minitab statistical software (version 16.1.0;LEAD Technologies, 

Inc., Charlotte, NC, USA) by one-way ANOVA with Tukey's post-hoc test, at a 95% confidence level (p < 
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0.05). Statistical significance of the effects was interpreted as follows: p ≥ 0.05NS, not significant; p < 0.01**, 
very significant; p < 0.001***, extremely significant. 

 
 
Results and Discussion 
 
PCR analysis of raw goat`s milk 
A reference cow DNA sample was used to differentiate goat milk from cow milk (Figure 1, sample R1). 

In this case, a specific 274 bp fragment was obtained, which denotes the presence of mitochondrial cow DNA. 
In the case of DNA samples extracted and amplified from goat milk used in the preparation of the product, the 
presence of a single amplification product of 157 bp, specific for goat mitochondrial DNA (Figure 1, samples 
P1 and P2) was detected. 

 

 
Figure 1. Specific amplification products of the cytochrome B gene from goat’s and cow’s milk: L-ladder 
100bp; R1- cow DNA reference sample, 274 bp PCR product; P1 and P2 - DNA samples amplified from 
goat milk used in the preparation of the product, 157 bp PCR product; CN-negative control. 
 
Aloe vera gel characterization 
In order to characterize the Aloe vera samples, the following determinations were achieved: 

determination of the total phenolic content by the Folin-Ciocâlteu spectrophotometric method (λ = 750 nm), 
determination of total flavonoid content by spectrophotometric method (λ = 500 nm), determination of 
antioxidant capacity by DPPH method (Williams et al., 1995), determination of vitamin C by titrimetric 
method (Deac et al., 2014). Results of the total phenolic, flavonoid, antioxidant capacity and vitamin C content 
from the Aloe vera gel, are presented in Table 1. 

 
Table 1. Aloe vera gel characterization 

Aloe vera gel 

TPC 

(mg GAE/100g) 

Flavonoids 

(mg QE/100 g) 

Antioxidant 

activity (%) 

Vitamin C 

mg/100 g 

20.68 0.248 3.81 7.04 

 
Determination of antimicrobial activity of essential oils and Aloe vera extract (minimum inhibitory 

concentration and minimum bactericidal concentration). 
The concentration that resulted in complete inhibition of the bacteria (MIC) was the concentration 

corresponding to the culture wells where the blue colour did not turn pink. Two repetitions for each sample 
were performed. The minimum bactericidal concentration (MBC) was achieved by inoculating on Mueller 
Hinton agar from the last three culture wells where bacterial growth was completely inhibited. The results 
obtained can be found in Table 2.  

In our trials, the antimicrobial activity of thyme essential oil against Staphylococcus aureus ATCC 
25923, Salmonella enteritidis ATCC 13076 and Escherichia coli ATCC 25922 was found to be lower than 
the antimicrobial activity of oregano essential oil. Based on these results, it was found that oregano essential oil 
had a higher antimicrobial activity than thyme essential oil (Olmedo et al., 2013; Carvalho et al., 2015) 
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Table 2. The susceptibility profile of bacteria (1.5 × 108 CFU/ml) to thyme and oregano essential oils 
(µl/ml)  

Samples 
Staphylococcus aureus ATCC 

25923 
Salmonella enteritidis 

ATCC 13076 
Escherichia coli 
ATCC 25922 

Thyme 
essential oil 

MIC 0.27±0.00 0.13±0.00 0.06±0.00 
MBC 0.27±0.00 0.13±0.00 0.06±0.00 

Oregano 
essential oil 

MIC 0.04±0.017 0.01±0.00 0.01±0.00 
MBC 0.04±0.017 0.01±0.00 0.01±0.00 

Gentamicin 0.24 0.24±0.00 0.05±0.00 

 
The susceptibility of tested bacteria (1.5 × 106 CFU/ml) to Aloe vera extract (mg/ml) is presented in 

Table 3. The minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) of 
the Aloe vera extract against microorganisms ranged from 37.79 to 56.58 mg/ml. The study revealed that the 
Aloe vera extract has a greater medicinal potential against Staphylococcus aureus and Escherichia coli. Similarly, 
in another study, gram-positive test organisms were found to be more susceptible to the sterile Aloe vera extract 
(Shahzad et al., 2009). 

 
Table 3. The susceptibility profile of bacteria (1.5 × 106 CFU/ml) to Aloe vera extract (mg/ml)  

Aloe vrea 
extract 

Staphylococcus aureus  
ATCC 25923 

Salmonella enteritidis  
ATCC 13076 

Escherichia coli  
ATCC 25922 

MIC 37.79±0.017 56.58±0.00 37.79±0.017 
MBC 37.79±0.017 56.58±0.00 37.79±0.017 

Gentamicin 
(μg/ml) 

0.05±0.00 0.05±0.00 0.05±0.00 

 
Determination of pathogenic microorganisms (coagulase-positive staphylococci and Escherichia coli) 

during storage highlighting the influence of essential oils and Aloe vera microcapsules on their evolution. 
Table 4 presents the results of the microbiological determinations of the spreadable goat cheeses.  
 
Table 4. Microbiological quality of the spreadable goat cheese assortments supplemented with Aloe vera 
microcapsules and essential oils  

Samples Staphylococcus aureus Escherichia coli 
P1O1 Absent Absent 
P2O2 Absent Absent 
P1C1 Absent Absent 
P2C2 Absent Absent 

Control sample Absent Absent 
P1C1-7% Aloe vera microcapsules and 0.0072% thyme essential oil, P2C2-3% Aloe vera microcapsules and 0.018% 
thyme essential oil, P1O1-7% Aloe vera microcapsules and 0.0072% oregano essential oil, P2O2-3% Aloe vera 
microcapsules and 0.018% oregano essential oil 

 
Physicochemical characteristics 
In this work the physicochemical and the sensory properties of all cheese samples were analysed. Cheese 

composition is shown in Table 5.  
The fat and protein content found in the present study is similar to those reported by other authors for this 

variety of cheese (Frau et al., 2014). No significant differences were found in all treatments in regards to 
moisture, total protein, salt, and fat content of the cheese samples during storage. The addition of thyme and 
oregano essential oils in cheese did not seem to affect those parameters after spreadable cheese manufacturing 
and during storage (Table 5). 
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The moisture and fat in dry matter content of all cheeses (control and Aloe vera/ essential oils) have been 
found to meet the mentioned standards (≤75% moisture and ≥ 40% FDM content) for fresh spreadable cheese 
(Aktypis et al., 2018). The results were similar to those found in commercial goat cheeses (Gambaro et al., 
2017), in French goat milk cheeses (Raynal-Ljutovac et al., 2011) and those found by Vieitez et al. (2016). 
Regarding the salt and total protein content no, significant differences were found among the examined 
cheeses. The protein content was found to be, almost, constant during their storage and ranged from 10.08 to 
10.84% (Table 5). 

 
Table 5. Physicochemical characteristics of spreadable goat cheeses  

Sample Fat 
(%) 

Protein 
(%) 

Moisture 
(%) 

Total dry 
matter (%) 

Fat in dry 
matter (%) 

Salt  
(%) 

Acidity  
(°T) Parameter 

Control 
sample 

19.68±0.042b 10.84±0.028a 68.20±0.325c 31.80±0.325a 61.90±0.481bc 0.411±0.031c 150±5.657a 

P1C1 19.07±0.156bc 10.08±0.057b 70.77±0.580a 29.23±0.580c 65.26±1.824ab 0.741±0.017a 158±5.657a 

P2C2 20.92±0.184a 10.40±0.042b 69.52±0.057c 30.48±0.057b 68.63±0.735a 0.684±0.016ab 155±1.414a 

P1O1 17.56±0.170d 10.29±0.141b 70.16±0.113ab 29.84±0.113bc 58.85±0.346c 0.694±0.007ab 157±1.414a 

P2O2 18.61±0.212c 10.40±0.099b 69.64±0.042ab 30.06±0.042bc 61.30±0.785c 0.635±0.004b 152±2.828a 

p 0.000*** 0.002** 0.003** 0.003** 0.001** 0.000*** 0.332NS 

Different letters in the same column indicate statistically significant differences at p < 0.05 (Tukey's test). Significance: 
p ≥ 0.05NS, not significant; p < 0.01**, very significant; p < 0.001***, extremely significant. 

 
Sensory evaluation of cream cheese 
Ratings for flavour and textural attributes of spreadable goat cheeses are presented in Figure 2 and Figure 

3, respectively. 
 

 
Figure 2. Sensory characteristics of control and spreadable goat cheese with thyme essential oil and Aloe 
vera gel microcapsules 
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Figure 3. Sensory characteristics of control and spreadable goat cheese with oregano essential oil and Aloe 
vera gel microcapsules  
 
As shown in Figures 2 and 3, the panellists found the differences in appearance, consistency, and colour 

between control, P1C1 and P2C2 cheese samples. 
However, the thyme/oregano spreadable goat cheese analogue with higher content of Aloe vera gel 

microcapsules addition was poorer in consistency and appearance as reflected by their lower score. The lower 
score in appearance and consistency of P1C1 and P1O1 was likely due to the denser microstructure which 
made the sample too hard. In addition, the lower score in taste and consistency of P1C1 and P1O1 samples 
might be due to the too soft feeling of the samples resulting from the high moisture level of the product (Liu et 
al., 2008). 

 In terms of consumer preference, the cream cheese sample with 3% Aloe vera gel microcapsules and 
0.018% thyme essential oil was the most appreciated (P2C2). Regarding cheese samples with the addition of 
oregano essential oil and Aloe vera gel microcapsules, the sample with 3% Aloe vera and 0.018% oregano 
essential oil was the most appreciated (P2O2) as appearance, consistency, and taste, compared to the sample 
with more microcapsules and less oregano oil. 

The cheese sample with 7% microcapsules and 0.0072% oregano essential oil, was more appreciated in 
terms of smell. The lower score in taste and consistency of the P1O1 sample was likely due to the denser 
microstructure which made the sample too hard (Jeon et al., 2012). 

 
 
Conclusions 
 
In this work, the influence of Aloe vera gel microcapsules and essential oils addition on physicochemical, 

microbiological, and sensory properties of spreadable goat’s cheese was investigated. The results highlighted 
that the best results, from a nutritional point of view, were obtained for the cheese samples with lower Aloe 
vera and higher thyme essential oil content. In addition, the spreadable goat’s cheese with oregano essential oil 
exhibited a more intensive antimicrobial activity against Salmonella enteritidis and Escherichia coli. The 
sensory analysis showed that the lesser Aloe vera gel microcapsules fortification of 3% resulted to an acceptable 
spreadable cheese, which kept its traditional taste and aroma. Based on the above, Aloe Vera and thyme essential 
oil could be successfully used as natural flavours in spreadable cheese manufacture providing also antimicrobial 
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and functional properties. Enrichment of dairy products with polyphenols from Aloe vera plants can positively 
influence their oxidative stability and it may contribute to a decline in the incidence of degenerative human 
diseases. 
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Abstract: The transition from adolescence to adulthood can be a challenging period for many students.
This period is associated with an increase in alcohol consumption (AC) which can develop a drinking
behavior or shape the preferences for certain alcoholic beverages. The purpose of this study was
to analyze the AC pattern among Romanian university students, by investigating the association
between taste and consumption, including preferences for special beer. A 30-item omnibus-type
questionnaire was distributed to undergraduate students and used to gather sociodemographic
data, alcohol expectancies, drinking motives and consequences, and special beer consumption.
Results showed a statistically significant relationship between the age of first alcohol use and the
existence of an alcoholic family member. The main reasons for AC are taste, sensation, relaxation,
and socialization. Both female and male students tend to drink occasionally, with a preference for
public places. Female students prefer a sweet taste, choosing special beers over the regular ones.
The students’ residence may also influence the choice of special beers. Understanding the students’
drinking behavior and taste preferences is essential to create useful strategies to discourage excessive
AC. Special beer, a growing segment in the beverage industry, could represent a healthier and safety
alternative to AC.

Keywords: alcohol; prevalence; Romanian university students; non-alcoholic beer; low alcohol beer;
public health

1. Introduction

The alcohol consumption (AC) among university students is different between coun-
tries, due to cultural differences, family socioeconomic status, level of education, social-
activity, health, and religious reasons [1–3]. Nowadays, students drink more than earlier
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generations, with increasing emphasis on binge drinking and drunkenness [4]. The transi-
tion from adolescence to adulthood, living apart from parents, with less parental support
can be a stressful time for students, often associated with an increase AC, up to dangerous
levels [5,6]. Multiple studies have reported heavy AC among university students as an
emerging issue, which is often associated with a significant risk of adverse psychological,
social, and physical health consequences, including injuries, unplanned sex, academic
failure, and alcohol related problems later in life [7–9]. Motives for alcohol use differ
between genders, so the adverse outcomes [10–12].

The sector of special beers: non-alcoholic beers (NAB) and low-alcohol beers (LAB) is
one of the fastest growing segments in the beverage industry. Their increased popularity is
mostly due to the beers’ rich fruity flavor and refreshing properties. Fruits, fruit juices, by-
products, and fruit extracts are often used to give special beer assortments various flavors,
tastes, and aroma [13]. Recent studies have shown that special beer gained recognition
also due to its potential health benefits, associated with the high content of phenolic
antioxidants and the low ethanol content. For special beers, the level of ethanol should be
below 2.5% alcohol by volume (ABV), and therefore, the associated health risks should be
much lower. Despite the fact that special beers represent a healthier option, the brewing
industry faces other challenges, such as ensuring the flavor stability of special beers, which
stimulates brewery technological innovations [14]. The drinking motives usually serve
as endorsers towards alcohol use, and represent, practically, the gateway through which
more distal factors such as alcohol expectancies, genetic factors, and personality features
are mediated [15,16].

AC is an ongoing problem and a multifaceted topic to research. As a consequence,
data interpretation must be carried out carefully and efficient actions must be taken, if
needed. Often, the combined intervention of public health organizations and education
specialists is required to create proper strategies for reducing AC among students. For
example, problematic drinking might be diminished by targeting the drinking motives
behind. Irrespective of the chosen strategy, the first most important step is to have an in-
depth understanding of the students’ perceptions, consumption patterns, and preferences.

In this context, the present study had two main objectives. First, we investigated
the drinking behavior among students in order to find gender, age, or residence patterns
and evaluate the associations between taste and consumption. Second, we assessed how
students relate to special beer (NAB and LAB) as an alternative to regular beer and if taste
preferences can shape the desire for special beer consumption.

2. Materials and Methods
2.1. Students Selection and Procedure

The current study was conducted in academic year 2018/2019 at the University of
Agricultural Sciences and Veterinary Medicine from Cluj-Napoca (Romania). Undergrad-
uate university students (18–24 years old) were recruited through posters, flyers, and
advertisements posted all over the university campus, email messages, personal commu-
nications, and social media. Also, the bachelor, master, and PhD students received an
email with a short description of the study and a link to the online questionnaire through
Google Drive. Eligibility criteria was restricted to participants who had consumed alcohol
in the past 12 months, thus abstinent students were excluded from the analysis. A 30-item
omnibus-type questionnaire was used to gather sociodemographic data, alcohol expectan-
cies, drinking motives, relevant information about participants’ families, questions about
special beer, and items related to health lifestyle/risks and AC. The types of questions
that were chosen for the self-report questionnaire included closed and open questions,
filter questions, multiple choice (single answer), selection list questions, and free text ques-
tions. The questionnaire design is presented in Table 1. The average time to complete the
web-based questionnaire was about 30 min. No identifiers such as name, identity number,
nor internet protocol address were recorded in order to preserve the anonymity of the
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participants. The answers of the questionnaire were downloaded in Microsoft Office Excel
format from Google Drive.

Table 1. Questionnaire design.

Questions Explanatory Variables

Q1–Q4 Sociodemographic characteristics: age, gender, the study program, residence;

Q5–Q13
Drinking habits and behaviours: the age of first alcohol use, reasons to drink
alcohol, drinking frequency, drinking places, period of highest consumption of
alcohol, the existence of an alcoholic family member;

Q14–Q16 Alcoholic taste preferences: the favorite alcoholic beverage, reasons/preferences
for alcoholic favorite drink, what tastes appeal most;

Q17–Q20
Risk factors associated with AC: negative consequences, driving under influence
of alcohol, drinking problems (altered states of health after drinking episodes,
violence-related problems, etc.);

Q21–Q30
Special beer consumption (NAB and LAB): frequency and motives of
consumption, sensory preferences, appealing characteristics,
expectation attributes.

2.2. Ethics

Ethics approval was obtained from the Faculty of Food Science and Technology, Uni-
versity of Agricultural Sciences and Veterinary Medicine Cluj-Napoca, Romania. Students
were informed that participation was voluntary and anonymous, no identifying infor-
mation was collected. Following the link, participants gave their informed consent to
participate. No financial or material incentive was provided for participation in the study.

2.3. Statistical Analysis

The participants of the study were naturally categorized in drinkers and non-drinkers.
All variables were analyzed considering drinkers’ preferences for different types of alco-
holic beverages. In order to analyze the existing relationship between targeted groups
of data one have used Chi square test (Phi and Cramer’s V). Here the Phi and Cramer’s
coefficients were used to measure the strength of an eventual association. Comparisons
between two ranked groups were assessed using Mann–Whitney–Wilcoxon rank sum
test. Ranked data was represented as median (quartile 1, quartile 3). Interactions between
variables was assessed using two-way ANOVA. All the analysis were performed with
SPSS 19.0 (Statistical Package for the Social Sciences, version 19.0. New York, NY, USA)
and R 4.0.1. The charts were created using Prism (v 6.01, GraphPad Software, San Diego,
CA, USA).

3. Results and Discussion
3.1. Characteristics of the Study Participants

In the present study, a total number of 1054 of records were received. After applying
the eligibility criteria, 1044 valid records were considered for analysis and constituted our
study group. The gender structure of the respondents is presented in Table 2. With respect
to age, the median age of responders was 21 years (ranging 18–24 years). The analyzed
sample was relatively homogenous concerning gender distribution (472 males (45%) and
573 females (55%)). Most responders have their residence in the urban area of Romania
(70.30%, of which 44.88% male, and 55.11% female). All responders were of Caucasian race.

3.2. Drinking Behavior and Taste Preferences

The first objective of our study was to characterize the drinking behavior among
students and to determine if age, gender, or residence could be associated with certain
consumption patterns.
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Table 2. Characteristics of the study participants.

Male Female

N % N %

Eligible respondents 472 45 573 55
Age
<20 67 14.19 74 12.91
20 76 16.10 102 17.80
21 106 22.67 151 26.35
22 80 16.95 146 25.48
23 66 13.98 57 9.95
24 52 11.02 25 4.36

>24 24 5.08 18 3.14
Residence

Urban 332 70.33 402 70.15
Rural 140 29.66 171 29.84

General drinking habits and behavior investigations within our study unraveled
interesting patterns among male and female responders. As presented in Figure 1a, male
students start consuming alcohol in their teenage years, half of the respondents beginning
to drink before the age of 16. Our results are in agreement with the 2018 World Health
Organization (WHO) global report on alcohol use, which states that in many countries
of the Americas and Europe, the AC starts before the age of 15 years. Global data are
worrying, as 50–70% of 15-year-old students use alcohol, with nearly no difference between
male and female [17]. It is suggested that drinking motives in young age may predict
drinking patterns later in life [18]. The study conducted by Hingson et al. emphasizes
the need to counsel adolescents about alcohol use and to implement efficient policies that
delay AC [19]. Another recent study suggests that it would be of interest to focus on the
training of specific skills among adolescents. In the case of males, it is probably more useful
to train skills such as assertiveness to help to resist peer pressure. For females, it could be
interesting to teach other ways of relating successfully with their colleagues, both favoring
the creation of social networks with peers who do not drink, such as training in social
and assertive skills, and encouraging reinforcing activities that do not involve the use of
alcohol [20]. In our study, we observed that for female students, the age of alcohol use
onset is postponed to 16–18 years.
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Figure 1. (a) The percentages of male and female students related to the age of their first alcohol use; (b) The main reasons
why male and female students are consuming alcohol.

When we correlated the age of first alcohol use to the existence of an alcoholic family
member, we found a statistically significant relationship (X2 = 20.64, p < 0.001). Adolescents
who started to drink at a very young age (12–16 years) were more likely to have had a
family member with alcohol problems (Table 3). When treating the age-intervals as ranked
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data we also observed a statistical significance (p < 0.001) with subjects having an alcoholic
family member having an earlier age of first drink (alcoholic family members median 14–16
(12–14, 16–18); no alcoholic family members median 16–18 (14–16, 16–18)).

Table 3. The interaction between gender, age of first drink and alcoholic member.

Gender
Age of First Alcoholic Drink

Total
12–14 14–16 16–18 18+

Fe
m

al
e Alcoholic

member

Yes
Count 15 38 35 15 103

% within Alcoholic member 14.6% 36.9% 34.0% 14.6% 100.0%

No
Count 33 130 197 110 470

% within Alcoholic member 7.0% 27.7% 41.9% 23.4% 100.0%

Total
Count 48 168 232 125 573

% within Alcoholic member 8.4% 29.3% 40.5% 21.8% 100.0%

M
al

e

Alcoholic
member

Yes
Count 45 49 24 7 125

% within Alcoholic member 36.0% 39.2% 19.2% 5.6% 100.0%

No
Count 82 144 91 29 346

% within Alcoholic member 23.7% 41.6% 26.3% 8.4% 100.0%

Total
Count 127 193 115 36 471

% within Alcoholic member 27.0% 41.0% 24.4% 7.6% 100.0%

To
ta

l

Alcoholic
member

Yes
Count 60 87 59 22 228

% within Alcoholic member 26.3% 38.2% 25.9% 9.6% 100.0%

No
Count 115 274 288 139 816

% within Alcoholic member 14.1% 33.6% 35.3% 17.0% 100.0%
Total Count 175 361 347 161 1044

% within Alcoholic member 16.8% 34.6% 33.2% 15.4% 100.0%

Additionally, there was a statistically significant interaction between gender and the
presence of alcoholic family members on the age of first alcohol use (p < 0.01, Phi and
Cramer’s V coefficients equals 0.15 for females and p < 0.05, Phi and Cramer’s V coefficients
equals 0.13 for males) indicating a weak association.

The first part of the Table 3 shows the age of the first drink amongst females having
or not an alcoholic family member. Most of the girls having an alcoholic family member
tend to start drinking between 14–16 years old (36.9%), while for the majority of those not
having an alcoholic family member this age is pushed to 16–18 years old (41.9%). Males
with alcoholic family member start drinking at 14–16 years old (39.2%), followed closely by
even younger age (12–14 years old, 36.0%), while those not having an alcoholic member
start drinking alcohol between 14–16 (41.6%).

It is known that individuals with first-degree relatives (mother, father, sister, brother,
son, or daughter) with an alcohol problem are two to seven times more likely to develop
alcohol problems at some time in their lives than people with nonalcoholic relatives [19,21].
Interestingly, studies including sibling/twin/adopted adolescents aged 12 to 19 years
reported that both genetic and environmental factors matter in the development of alcohol
use among teenagers, but to a different extent, depending on the time of onset, level of
alcohol use, and rates of growth [22,23].

When asked about the reasons for consuming alcohol, more than 70% of the total
responders of our study declared that they are consuming alcohol for relaxation, social-
ization or for its taste and flavor (Figure 1b). Interestingly, most male students drink to
relax or socialize, while most female students consume alcohol for the beverages’ taste
or flavor. Other studies have also shown that drinking motives can differ between male
and female students [24]. Among women, associations between drinking motives and the
hourly AC rate were observed, and also, interactions between drinking motives and the
impact of the number of friends on the hourly consumption rate [25]. Usually, the most
common declared drinking motives for both genders include social, enhancement, coping,
or conformity motives. A 2015 study confirms that fun, relaxation, and taste are important
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motivators for drinking among students. These motives negatively correlate with excessive
drinking, while fun was negatively associated with the intention to quit drinking [26]. In
turn, if escape, loneliness, social reasons, or recall of alcohol advertising were found to be
the main reasons for drinking, a positive association with excessive drinking was identified.

Next, we evaluated the AC frequencies and location among all responders (Table 4).

Table 4. The distribution of alcohol consumption frequency and location among male and female students.

Gender
Alcohol Consumption Frequency

Drinking LocationWeekly Once a Month/Once at 2 Months Occasionally Others

Male

20 11 27 5 Home 63
13 4 41 1 Clubs&Discos 59
74 13 250 1 Public places 338
3 0 8 0 Others 11

Female

13 14 57 8 Home 92
8 14 80 1 Clubs&Discos 103
27 29 308 5 Public places 369
4 0 3 2 Others 9

Concerning the AC frequency, we observed a general tendency for both male and fe-
male students to drink occasionally, with a preference for public places, such as restaurants
or bars. Our results are in agreement with Zadarko-Domaradzka et al., who found that
70% of the college students in the Carpathian Euroregion (Polish, Slovak, Romanian, and
Ukrainian) consume alcohol occasionally [27]. Regarding the consumption location, we
obtained a statistically significant difference between genders (X2 = 9.13, p < 0.03), with
Phi and Cramer’s V coefficients equals 0.17, showing a weak association. Also, in the case
of home, clubs & discos, and public places, a statistically significant relationship between
gender and different alcohol frequency was observed (Home: X2 = 8.05, p < 0.05, Phi and
Cramer’s V = 0.22; Clubs & Discos: X2 = 7.78, p < 0.05, Phi and Cramer’s V = 0.22; Public
places: X2 = 36.58, p < 0.001, Phi and Cramer’s V = 0.22). Therefore, we could observe
that there is a significant relationship regarding the frequency of consumption for the
women who choose to consume alcohol inside and the men that are choosing the same
type of location.

Gender differences remain one of the most reliable determinants of AC. Males drink
and are drunk more frequently than females. Males consume more often because of their
higher levels of social and enhancement motives, while women due to their higher levels
of coping motives and their lower levels of conformity motives [28].

Our results showed that AC was frequently associated with harmful incidence and
altered states of health (Figure 2). Worldwide, studies have reported the heavy AC among
college student population is associated with numerous negative consequences, such as
health issues (vomiting, headache, dizziness, etc.), physical and violence-related prob-
lems (assaults, driving under the influence of alcohol, car accidents, etc.), and other in-
juries [29–31]. Women drink to socialize, to relax, to improve their mood, or to escape
boredom, while males consume alcohol for image and reputation, they drink “to be cool”
and to be more popular among their friends [32–34]. The negative consequences of AC
are influenced by the body weight, the alcohol tolerance, the speed of consumption, the
metabolic rate, the level of hydration, and the food intake [35,36]. Generally, women
are more susceptible than men to react to heavy AC due to several reasons. Foremost,
women have less enzymes (alcohol dehydrogenase and acetaldehyde dehydrogenase)
used to metabolize alcohol, they have a higher body fat to muscle ratio, thus blood and
tissue concentrations of alcohol are higher in women, their body size is usually smaller,
so women have less water to diffuse the alcohol in their blood stream and, not least, the
female hormonal status tends to make women more vulnerable to experience the effects
of excessive AC [11]. Men are more likely to take risks while drinking, evidenced by a
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high rate of car crashes, drink driving over the legal alcohol limit, increased aggressive
behaviors, etc. [37,38].
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Regarding the favorite alcoholic beverage among college students, our study shows
that beer was preferred by male and wine by female (Figure 3a). When we analyzed the
consumption behavior, we found that sensory acceptance was the main selection criteria
for all the responders. Taste was one of the main features determining the beverage choices
(Figure 3b). The flavor of the alcoholic beverage is an important element in explaining
drinking behavior patterns, such as overconsumption. The constant consumption of a
specific type of beverage can be related to its chemosensory perception [39].
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Concerning the taste preferences, our study revealed that male students tend to prefer
bitter drinks, while female students prefer the sweet taste, choosing the special beers over
the usual ones. Preference for highly concentrated sweet solutions (sweet liking) has been
suggested to be a trait and state marker for alcohol dependence [40]. It is well known
that women prefer sweeter products, such as wine or flavored beer, instead of classic
beer [41]. The complexity of flavor in terms of the scent, the notes and the structure of
the wine are factors that may explain women choices. Moreover, women are interested
in a healthy lifestyle, and wine is associated with potential health benefits [42]. Beer
is an incredibly versatile beverage, served in various locations such as clubs, bars, and
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restaurants. Given this context, beer will always be in high demand, particularly for
male consumers. Moreover, the men’ preference for beer can be partially attributed to
advertising, as in many TV commercials men are the ones consuming beer.

3.3. Special Beer: Non-Alcoholic Beer and Low-Alcohol Consumption

Beer is obtained by fermentation of malted barley and it is one of the world’s most
popular beverage. A moderate beer consume can have positive effects on health [13,43],
due to the bioactive compounds from hops (Humulus Lupulus L.), such as: xantohumol,
isoxantohumol, humulone, 8-prenylnaringenin and lupulone, used for the bitterness and
aroma [44,45]. However, lager beer contains 4–5% volumes ethanol and studies have
demonstrated its hepatotoxic effects and its potential to promote different types of can-
cer [46]. As a reaction, the NAB and LAB market has enjoyed significant growth in the past
years, these beers becoming the mainstream option for more and more people.

To gain a more accurate insight with respect to special beer consumption among
students, the second objective of our study was to understand how Romanian students
relate to special beer (NAB and LAB) as an alternative to regular beer or other alcoholic
drinks. Results indicated that gender, age, sociodemographic data might influence the
preference for special beers, as summarized in Table 5.

Table 5. The preferences for special beers over high alcoholic beverages, classified based on gender, age, and students’
residence, along with the statistical interpretation.

Variables
Preference for Special Beers over High

Alcoholic Beverages p-Value
Total-Yes: 59.96% Total-No: 40.03%

Gender
X2 = 13.476

p < 0.001
Male 40.42% 52.15%

Female 59.58% 47.84%

Age
X2 = 4.129

p > 0.05
18–20 28.43% 22.52%
21–24 68.05% 41.37%
>24 3.51% 2.88%

Residence
X2 = 6.73
p < 0.05

Rural 29.23% 25.23%
Urban 65.50% 65.55%

No answer 5.27% 9.09%

In our study, the percentage of respondents who consumed a special beer at least
once was over 90% (93.86% in case of female and 91.80% for male). When asked if they
would choose special beers at the expense of high-alcoholic beverages, almost 60% of the
respondents responded affirmatively. Of this percentage, more than half was represented
by female students (59.58%), who are between 21–24 years old (68.05%) and live in an
urban area (65.50%).

As presented in Table 5, our study shows that gender can influence the preference for
special beers (X2 = 13.476, p < 0.001, Phi and Cramer’s V coefficients equals 0.12), as female
students are more willing to consume this sort of beer. Also, students living in the urban
areas of Romania are more likely to choose special beers compared to the students with
rural residence (X2 = 6.73, p < 0.05, Phi and Cramer’s V coefficients equals 0.08). However,
the choosing of special beers is not significantly influenced by age.

Because of the differences between males and females considering the reason for
consuming alcoholic beverages (especially in the case of the following categories: taste
and flavor and sensation (euphoria), relaxation and socialization) we decided to perform
subgroup analysis considering these three choices and determining if there was an associa-
tion in this case between gender and the choice of special beer. There was no association
between gender and the choice of special beer in the case of the taste and flavor subgroup
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(p = 0.549), nor in the case of sensation (euphoria) subgroup (p = 0.202) or the relaxation
and socialization subgroup (p = 0.156). This shows that it is possible that the preference
in choosing special beers over other alcoholic beverages might be heavily influenced by
one person’s reason for drinking the alcoholic beverage, which, in turn is associated with
their gender.

When we tested the association between gender, reasons for consuming alcoholic
beverages and the preferred taste, we found out that the majority of females preferring the
sweet taste are also consuming alcohol because of its taste and flavor. On the other hand,
males whose preferences are related to the sweet taste tend to consume alcohol for relax-
ation and socialization. According to the Chi square test’s values and to the significance
value for both males and females (p < 0.05), we may confidently conclude that there is a
significant relationship between the favorite taste and the reasons for alcohol consumption.

When asked if they like NAB, 51.86% of responders declared that they do not like it or
they have never consumed this type of beer. This high percentage could be explained by
the fact that NAB does not deliver a comparable emotional response to the consumers. In
order to be accepted by the consumers, a beverage needs to evoke a rich and emotional set
of positive associations [47]. While beer and wine are associated with positive emotional
responses, the non-alcoholic beer seems to evoke mainly neutral and negative responses
such as ration, consciousness, and disappointment [48].

The selection of non-alcoholic versus alcoholic drinks was recently investigated by
Blackwell et al., 2020. The results suggested that availability interventions to encourage
healthier selection, respectively choosing nonalcoholic rather than alcoholic drinks, may
be most effective when changing the relative availability of options, i.e., increasing the
proportion of non-alcoholic drinks and consequently decreasing the proportion of available
alcoholic drinks [49].

When asked what information they have regarding special beers, the majority of the
respondents were familiar with the low alcohol content of special beer (Figure 4a). However,
nearly 40% of students have no information about this beer segment. This student category
should be targeted by the awareness AC campaigns. By providing accurate information
about the benefits of consuming special beers, students might feel encouraged to consume
more special beers, reducing AC. Only a small percentage of responders, around 10%, are
aware of the nutritional properties of special beer.
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Concerning the health benefits of special beers, Wright et al. have shown that alcoholic
beverages, namely wine and beer, are considered healthier than soda or diet soda [50].
This demonstrates that the alcohol content is not the deciding factor when ranking the
healthfulness of a beverage. The same study indicated that the simple positioning of the
nutritional information on the label of a beverage, even to an alcohol beverage, significantly
influenced the consumers perception of its healthfulness.
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The functional and potential health properties of special beer have been extensively
reviewed in several studies [13,51,52]. While lacking high contents of alcohol, NAB and
LAB can be more nutritious and potentially functional than regular beer [13]. NAB and LAB
are a reliable source of vitamins, minerals, soluble fibers, polyphenols, and flavonoids [13].
The non-alcoholic beer fraction might improve bone health in postmenopausal women,
and the effects of beer on body hydration [53]. When ingested before physical exercises,
beer with lower alcohol content has a better rehydration effect, while alcohol-free beer
may even have a positive impact on electrolyte homeostasis [54] or gut microbiota [55].
Different studies have focused on the effects of moderate alcoholic and NAB consumption
on health and diseases, including cardiovascular disease, obesity, diabetes, cancer, cognitive
decline, osteoporosis, with promising results, nevertheless need further particular in-depth
investigations [13,56,57]. The consumption of NAB (0.9% ABV) also seems to have a
protective action over learning and memory abilities [58]. Franco et al., have examined
the effect of NAB on anxiety levels in a stressed population. Subjects rated their stress
levels lower after drinking NAB for 14 nights, compared to a control period when they did
not drink. All these studies came to the same conclusion: that drinking 330 mL of NAB
during evening meals on two weeks may decrease feelings of anxiety and stress. These
results are promising, but it must be stressed related research is still at an early stage [59].
A non-alcoholic beer component, β-pseudouridine, was found to be a potent protector
against the damage caused by radiation (radioprotective effect) [60,61]. Potential properties
of beers’ nonalcoholic fractions are presented in Figure 5.
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Finally, we wanted to understand how taste preferences can shape the desire for
special beer consumption. Thus, participants of our study were asked about the reasons for
choosing a special beer. Most students associated special beer consumption with relaxation,
sensory properties and refreshing attributes (Figure 4b). If special beer is chosen for these
reasons, public health organizations, along with brewers, could exploit this segment of beer
as a powerful instrument to combat heavy AC. Special beer consumption could contribute
to reduce alcohol related harm, delivering the same refreshing and sensorial benefits [62].

4. Conclusions

The participants in the study were not heavy social drinkers, the majority of students,
male and female alike, occasionally reporting AC. Even so, the reported consequences
of alcohol intake on health and academic performance were significant. Our results
show that AC frequency is related to the contextual influences (places, social contexts,
community/friendship, special moments). Most male students start consuming alcohol in
their teenage (14–16 years old), while female students are prolonging this period until the
first stage of adulthood. We were able to find a statistically significant relationship between
the age of first alcohol use and the existence of an alcoholic family member. Concerning the
taste preferences, male students tend to prefer bitter drinks, while female students prefer
the sweet taste, choosing the special beers over the usual ones. The students’ residence
may also influence the choice of special beers consumption over the normal ones.

To our knowledge, this is the first study to assess how students relate to special beer
as an alternative to the regular beer and how taste can influence the preference for certain
beers. The obtained results can serve and guide the Romanian brewers to improve the
aroma quality for special beers, to make them more attractive, especially for young people.
In Romania, and also in the EU, various strategies can be applied to improve the special
beer acceptability. Increasing the availability of NAB and LAB options in public spaces
could ease students to identify alternatives to regular beer. Also, in alcohol awareness
campaigns and advertisements, the image of drinking special beers (NAB and LAB) should
be promoted as a positive, energetic, and less risky experience in order to reach a larger
number of consumers.

Author Contributions: Conceptualization, L.C.S. and A.U.; methodology, M.A.J., L.C.S., C.R.P. and
E.M.; software, A.F., S.P. and A.U.; investigation, survey instrument, data collection, and validation,
M.A.J., L.C.S., T.E.C., M.T. and E.M.; graphic design, A.U.; writing—original draft preparation, L.C.S.
and A.U.; writing—review and editing, L.C.S., A.T., M.I., A.F., S.P. and A.U.; supervision, A.T. and
M.T.; funding acquisition, L.C.S. and A.U. All authors have read and agreed to the published version
of the manuscript.

Funding: This research was funded by the European Foundation for Alcohol Research (ERAB),
Belgium, project number Ref EA 15 45.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Acknowledgments: This paper was published under the frame of European Social Found, Human
Capital Operational Programme 2014–2020, project no. POCU/380/6/13/125171.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Rose, P.A.; Schuckman, H.E.; Oh, S.S.; Park, E.-C. Associations between Gender, Alcohol Use and Negative Consequences among

Korean College Students: A National Study. Int. J. Environ. Res. Public Health 2020, 17, 5192. [CrossRef]
2. Salanta, C.L.; Tofana, M.; Pop, C.; Coldea, T.; Mudura, E. Beverage Alcohol Choice Among University Students: Perception,

Consumption and Preferences. Bull. Univ. Agric. Sci. Vet. Med. Cluj-Napoca Food Sci. Technol. 2017, 74, 23. [CrossRef]
3. Sudhinaraset, M.; Wigglesworth, C.; Takeuchi, D.T. Social and Cultural Contexts of Alcohol Use. Alcohol Res. Curr. Rev. 2016,

38, 35–45.

http://doi.org/10.3390/ijerph17145192
http://doi.org/10.15835/buasvmcn-fst:12633


Int. J. Environ. Res. Public Health 2021, 18, 3307 12 of 14

4. Davoren, M.P.; Demant, J.; Shiely, F.; Perry, I.J. Alcohol consumption among university students in Ireland and the United
Kingdom from 2002 to 2014: A systematic review. BMC Public Health 2016, 16, 173. [CrossRef]

5. Chu, J.J.; Jahn, H.J.; Khan, M.H.; Kraemer, A. Alcohol consumption among university students: A Sino-German comparison
demonstrates a much lower consumption of alcohol in Chinese students. J. Health Popul. Nutr. 2016, 35, 25. [CrossRef]

6. Schwartz, S.J.; Petrova, M. Prevention Science in Emerging Adulthood: A Field Coming of Age. Prev. Sci. 2019, 20,
305–309. [CrossRef]

7. Htet, H.; Saw, Y.M.; Saw, T.N.; Htun, N.M.M.; Mon, K.L.; Cho, S.M.; Thike, T.; Khine, A.T.; Kariya, T.; Yamamoto, E.; et al.
Prevalence of alcohol consumption and its risk factors among university students: A cross-sectional study across six universities
in Myanmar. PLoS ONE 2020, 15, e0229329. [CrossRef] [PubMed]
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Abstract 

The probiotic properties and the viability of lactic acid bacteria of fermented dairy products can be improved by addition 
of bioactive compounds originating from natural sources (e.g. goji berries). This study aimed to evaluate how goji berries and 
honey affect the sensorial quality of yoghurt, the chemical properties, the viability of lactic acid bacteria (LAB) and the 
concurrent microflora development. Two types of yoghurts (yoghurt with goji berries and yoghurt with honey and goji berries) 
were developed. The addition of honey affected the entire yoghurt microflora including LAB, manifesting bactericidal effect. 
The addition of goji berries maintained the viability of LAB at probiotic levels (106-107 log CFU/ml) during 21 days of 
storage; compared to classic yoghurt, LAB viability decreased during storage at 103 log CFU/ml. Goji berries also improved 
sensory acceptance of consumers. The results obtained in this study collect information that enables the use of goji berries as 
enhancer of probiotic levels in yoghurt, while honey can provide bacteriostatic/bactericidal effect for contaminants.  

Keywords: consumer acceptance, chemical parameters, plant extracts, probiotic 

 
 
 
 
 
 
 
 
 
 

 

Introduction 

Fermented dairy products are popular because of the health 
benefits provided by the ingestion of probiotics generated by the 
consumption of these products (Butel, 2014; Goktepe et al., 
2006; Guarner and Schaafsma, 1998; Khalid, 2011; Sanders, 
2003; Wang, 2009). Among all of the fermented dairy products 
yoghourt is the most consumed (Cruz et al., 2010; Cruz et al., 
2013; de Oliveira, 2014; Saint-Eve et al., 2006), probably due to 
the positive perception on the market as being seen by the 
consumers as a functional dairy product containing living 
microorganisms like lactic acid bacteria (LAB), streptococci, 
bifidobacteria or their combinations, coming from the starter 
cultures, recognised as ingredients that promote human health 
(Davis, 2014; Goktepe et al., 2006; Kent et al., 2014; Khalid, 
2011; Ouwehand et al., 2015; Rastall et al., 2002; Sanders et al., 
2010). The market generated a need for fermented milk 
products that are fermented and processed in new conditions or 
enriched with bioactive compounds (Sun-Waterhouse et al., 
2013; Zamfir et al., 2006).  

Studies regarding the addition of different categories of 
bioactive molecules in yoghurt, including free-cell of probiotics, 
entrapped in different matrices and symbiotic forms (Brinques et 
al., 2011; Chavarri et al., 2010; Krasaekoopt et al., 2003; 
Lourens-Hattingh et al., 2001; Pinto et al., 2012; Stanton et al., 
2001) and a wide range of plant extracts with various active 

properties as red berries (Breme et al., 2014; Cruz et al., 2010; 
Ścibisz et al., 2012; Sun-Waterhouse et al., 2013), grape and 
grape seed extracts (Chouchouli et al., 2013; Coda et al., 2012; 
Karaaslan et al., 2011; Tseng et al., 2013), pomegranate peel 
extract (El-Said et al., 2014), tea extracts (Jaziri et al., 2009; Ye et 
al., 2012) could be easily found. Researchers attempted to make 
the yoghurt a better environment for LAB and a source of 
bioactive compounds by addition of valuable molecules (Breme 
et al., 2014; do Espírito Santo et al., 2011). 

The nutritional impacts of LAB and health benefits still 
continue to arise the interest of scientists who discover new 
potentials as food and valuable ingredients. Systems that can 
emphasize the great potential of probiotics are of interest. 
Saccharides are a good source food for these valuable bacteria, 
being utilized mostly as probiotics (Rastall et al., 2002; 
Teitelbaum et al., 2002; Wang, 2009). The benefits brought by 
carotenoid consumption include reduction of cancer risk or 
cardiovascular diseases (Pintea et al., 2005; Pintea et al., 2011; 
Socaciu et al., 2000), improving vision (Pintea et al., 2011) and a 
healthy tan looking effect. 

Polyphenols possess strong antioxidant activities being free 
radical scavengers, electron donors and strong metal chelators 
(Andjelković et al., 2006), helping in the prevention of lipid 
peroxidation (Vodnar et al., 2014). Several reports have shown 
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The same technology was used for yoghurt with honey and goji 
berries; polyfloral honey 3% (w/w) was added before 
fermentation and goji berries in amount of 3%, 5%, and 7% 
(w/w) after fermentation. Goji berries and honey were purchased 
from a local market. 

 
Total phenolic content of goji berries 
Goji berries (2.5 g) were cut in small pieces, homogenized 

using a rotary magnetic stirrer with 10 mL distilled water, 
centrifuged at 3,000×g for 10 min. The supernatant was 
analyzed spectrophotometrically using Folin-Ciocâlteu 
method. Aliquots of 2.375 mL distilled water were mixed with 
0.025 mL extract, 0.150 mL Folin-Ciocâlteu reagent and 0.450 
mL Na2CO3 (7.5%). Absorbance was read at 750 nm (Biotek 
multiplate reader) after keeping the samples for 2 hours in the 
dark. Results were expressed as mg of gallic acid equivalents 
(GAE) 100 g-1 goji berries. 
 

Experimental design 
Two types of yoghurt were obtained in this study: yoghurt 

with goji berries (YG) and yoghurt with honey and goji berries 
(YHG). Classic yoghurt (YC) was the control sample. Goji 
berries were added in proportions of 3%, 5% and 7% (w/v) in 
classic yoghurt (YG3, YG5 and YG7) and in yoghurt with honey 
(YHG3, YHG5 and YG7). Samples codification and 
experimental design are shown in Table 1. 

Yoghurt with 3%, 5% and 7% goji berries (YG3, YG5, YG7) 
and yoghurt with honey (3%) and goji berries (YHG3, YHG5, 
YHG7), were sensory evaluated. Further studies (chemical and 
microbiological analysis) were conducted on classic yoghurt, 
yoghurt with 7% goji berries, and yoghurt with honey and 7% 
goji berries during a shelf life of 21 days at 4 °C. The samples 
were analyzed initial (i), in the 14th day of storage (m) and in the 
21st day of storage (f). Fat, proteins, lactic acid, lactose, glucose, 
fructose, sucrose, total sugars, total solids and solids non-fat 
were tested. Salmonella spp., Enterobacter spp. and Escherichia 
coli were determined as microbial contaminants and 
Streptococcus thermophilus and Lactobacillus bulgaricus as lactic 
acid bacteria. 

 
Sensory evaluation of yoghurt 
A 9-point hedonic test was used to determine consumer’s 

preference of yoghurt. Yoghurt with 3%, 5% and 7% goji 
berries (YG3, YG5, YG7) and yoghurt with honey (3%) and goji 
berries (YHG3, YHG5, YHG7) were sensory evaluated. A panel 
of 30 trained assessors (male and female) participated to this 
study. The response categories ranged from 1-extreme dislike, 
to 9-extreme like.  

that polyphenols prevent the proliferation of degenerative diseases, 
clearly improving the condition of oxidative stress biomarkers 
(Bunea et al., 2013; Chedea et al., 2010). 

Lycium barbarum (goji berries or wolfberries, Solanaceae 
family) represent a rich source of chemical, having health 
promoting properties: ocular neuroprotecti (Srinivasan, 2014), 
hepato-protective (Liu et al., 2015), antitumoral (How et al., 2014; 
Martínez et al., 2014), antioxidative and immunomodulatory 
effects (Xiao et al., 2012). These properties are related to the 
saccharides, caroteinoids and some phenolics in the soluble 
fraction (Bondia-Pons et al., 2014; Inbaraj et al., 2010; Wang et al., 
2010; Xiao et al., 2012; Yang et al., 2013). Honey contains 
phenolic acids and their derivates, flavonoids and hydrogen 
peroxide (Brudzynski, 2006; Brudzynski et al., 2011); it has high 
osmolarity, low pH and water activity (Voidarou et al., 2011). 
Thus, honey could provide good bacteriostatic or bactericide effect. 
Research showed that the redox potential can be reduced by 
supplementing yoghurt with bioactive compounds from natural 
sources (Perna et al., 2014; Zalibera et al., 2008). Moreover, the 
viability of LAB (L. bulgaricus and S. thermophilus) could be 
increased by reducing the redox potential with addition of 
bioactive compounds from natural sources (Zalibera et al., 2008). 

In this study it was investigated how goji berries and honey 
affected the sensorial quality, the chemical properties, the viability 
of lactic acid bacteria and concurrent microflora in yoghurt. Two 
types of yoghurt were obtained with different concentrations of 
goji berries and honey. 

 

Materials and methods 

Yoghurt preparation 
Whole milk was provided by UASVM farm together with 

an analysis bulletin (fat content - 3.87%; protein content - 
3.40%; crioscopic point: - 0.60 °C; non-fat dry matter - 9.10%; 
density - 1.0295 g/cm3). Classic yoghurt was prepared starting 
from whole milk (3.5% fat), pre-heated (homogenized) at 50-
65 °C (150-200 atm), pasteurized at 85-90 °C (maintained for 
20-30 min) and cooled at 45-48 °C. Starter mezophylic culture 
Lyofast Y450B (Sacco, Cadorago, Italy) containing 
Streptococcus thermophilus and Lactobacillus delbrueckii subsp. 
bulgaricus (ratio 1:1) was added (5 units at 250 L milk which 
correspond to 0.5 x 1012 CFU/ml) to start fermentation. The 
yoghurt was stored at 43-45 °C for 3 hours, pre-cooled at 18-20 
°C, cooled at 2-8 °C and stored at this temperature for further 
analysis (Jimborean and Ţibulcă, 2013). 

The classic yoghurt was supplemented with 3%, 5% and 
7% (w/w) goji berries, after the inoculation with starter culture. 

197 

Table 1. Experimental design-treatments and responses 

Treatments Responses Treatments Responses 
Sensory evaluation  Physicochemical and microbiological analysis  
YC (classic yoghurt) X YCi (classic yoghurt-initial) xx 
YG3 (yoghurt with 3% goji berries) X YG7i (yoghurt with 7% goji berries-initial) xx 
YG5 (yoghurt with 5% goji berries) X YHG7i (yoghurt with honey and 7% goji berries-initial) xx 
YG7 (yoghurt with 7% goji berries) X YCm (classic yoghurt-middle of storage-14th day of storage) xx 
YHG3 (yoghurt with honey and 3% goji berries) X YG7m (yoghurt with 7% goji berries-middle of storage-14th day of storage) xx 
YHG5 (yoghurt with honey and 5% goji berries) X YHG7m (yoghurt with honey and 7% goji berries-middle of storage-14th day of storage) xx 
YHG7 (yoghurt with honey and 7% goji berries) X YCf (classic yoghurt-final of storage-21st day of storage) xx 
  YG7f (yoghurt with 7% goji berries-final of storage-21st day of storage) xx 
  YG7f (yoghurt with 7% goji berries-final of storage-21st day of storage) xx 
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Identification of Escherichia coli 
The presence of E. coli was determined according to SR ISO 

7251/1996. 1.0 mL of the diluted sample was uniformly 
distributed into a sterile Petri dish and then TBX Agar (Oxoid, 
Basingstoke, UK) was poured and mixed. The incubation was 
made at 35 °C for 24 h. The results were expressed as Log 
CFU/ml. 

 
Identification of Staphylococcus aureus  
SR EN ISO 6888-2/A-1/2005 standard method was used. 

Briefly, 1.0 mL of the diluted sample was transferred to a sterile 
Petri dish covered with Baird-Parker agar (Oxoid, Basingstoke, 
UK) supplemented with Egg Yolk Tellurite Supplement (SR 
00540, Oxoid, Basingstoke, UK) and spread using a Drigalsky 
spatula. The results were expressed as Log CFU/ml. 

 
Statistical analysis 
Statistical analysis of data was performed by Minitab 

Statistical software version 16.1.0 (LEAD Technologies, Inc.). 
The analysis of variance was assessed by two-way ANOVA and 
significant differences among the means of samples were 
analyzed by Tukey’s test with a 95% confidence level. 

 

Results and discussions 

Total phenolic content of goji berries 
The total phenolic content (TPC) of goji berries water extract 

obtained in this study was 132.26 mg GAE 100 g-1 goji berries. The 
study of Hunaefi et al. (2012) reports that phenolic compounds 
are secondary metabolites that can interfere with the LAB 
fermentation process through their antioxidant properties.  

Donno et al. (2014) evaluated TPC of various cultivars of fresh 
goji berries and determined values ranging from 255.87 to 281.91 
mg GAE g-1 fresh weight (FW), while Medina et al. (2011) 
obtained higher values in dry goji berries extracted in ethanol (895 
mg GAE g-1 DW). Differences can be attributed to genotype, 
cultivars (Donno et al., 2014), extraction type, mainly solvent 
polarity (Medina et al., 2011) processing and method sensibility. 

 
Sensory evaluation by Hedonic test 
The sensory evaluation showed that the consumers preferred 

yoghurt with 7% goji berries (8.21 points on hedonic scale). 
Yoghurt with goji berries and honey was less accepted by 
consumers. Yoghurt with honey and 7% goji berries scored 7.4 
points, while yoghurt with honey and 3% goji berries scored the 
lowest 6.9 points on hedonic scale (Fig. 1). 

Chemical analysis of yoghurt 
10 mL of yoghurt were homogenized using a stomacher 

(Bagmixer®-100MiniMix®, Interscience, Arpents, France) before 
the chemical analysis, as sample preparation. 

The chemical content (fat, proteins, lactic acid, lactose, 
glucose, fructose, sucrose, total sugars, total solids and solids 
non-fat) of the yoghurt was determined using the MilkoScan 
FT2 analyser (Foss, Hillerød, Denmark). 

The method was based on a mathematic procedure that 
allowed splitting the interferogram in sinus functions, each one 
representing a wavelength. The interferogram was then 
introduced in a spectrophotometer and converted in a larger 
spectral image of the sample. The results were expressed as 
percentage. 

 
Determination of lactic acid bacteria in yoghurt 
Lactic acid bacteria in yoghurt with 7% goji berries and in 

yoghurt with honey and goji berries was initially determined, 
after the 14th day of storage and after the 21st day of storage. 
Yoghurt samples were ten-fold diluted, placed on MRS 
broth/M17 broth, (Oxoid, Basingstoke, UK) and incubated in 
anaerobic conditions for 72 h at 37 °C (L. bulgaricus) and for 
48 h at 37 °C (S. thermophilus). Plates containing 30 to 300 
CFU were counted. The confirmation was made by specific 
test (Gram affinity, colony aspect and catalase +). 

 
Determination of microbial pathogens in yoghurt 

Three strains of Gram negative bacteria (Salmonella spp., 
Enterobacter spp. and Escherichia coli) and one Gram positive 
strain (Staphylococcus spp.) were tested for yoghurts and 
aqueous extract of goji (5 g goji berries in 45 mL physiological 
serum). Honey was microbiological evaluated according to the 
same methodology as goji berries.  
 

Identification of Salmonella spp. 
The presence of Salmonella was determined according to 

SR ISO 6579/1997 method. For the pre-enrichment stage, the 
sample was suspended in Buffered Peptone Water 
(Laboratorios Conda, Madrid, Spain). For the enrichment 
stage, 1.0 mL of sample was inoculated on RVS broth (Merck, 
Darmstadt, Germany) and incubated at 42 °C for 24 h. The 
isolation was made by inoculating the bacterial suspension 
obtained in the enrichment phase on XLD Agar (Oxoid, 
Basingstoke, UK) and Brilliant Green Agar (modified 
CM0329, Oxoid, Basingstoke, UK). The incubation was made 
at 35-37 °C for 20-24 h (another 24 h if necessary). The 
confirmation was made on characteristic colonies using 
selective growth mediums. The results were expressed as colony 
forming units per gram (CFU 25 ml-1). 

 
Identification of Enterobacter spp. 
The presence of Enterobacter was made according to SR-

ISO 21528-2/2007 method. Briefly, 1.0 mL of the diluted 
sample was transferred to a sterile Petri dish. Aliquots of 15 mL 
of Violet Red Bile Glucose Agar (Lab M Ltd., Lancashire, UK) 
were poured over the sample and maintained at 45±1 °C. In 
order to ensure semi-anaerobic conditions, another 15 mL of 
VRBGA agar were poured into the Petri dish. Incubation was 
made at 35 °C for 24 h. The results were expressed as Log 
CFU/ml. 

 

Fig. 1. Graphical representation of the sensory evaluation of 
yoghurt, according to the hedonic scale 
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In general, fruity yoghurts are popular among consumers 
(Kailasapathy et al., 2008). Senaka Ranadheera et al. (2012) also 
reported a higher preference of yoghurts supplemented with 
fruits. No previous report evaluated the sensory attributes of 
fruity yoghurt supplemented with honey. In this study the 
addition of honey influenced negatively the consumer’s 
perception. 

 
Chemical evaluation of yoghurts 
Chemical analysis evaluated the effects of fortification and shelf 

life stability on yoghurt (Table 2). The effects of yoghurt type, 
storage time and crossed treatment interaction on chemical 
properties were analyzed by two-way ANOVA and Tukey’s test. 
Significant differences were observed in chemical attributes 
dependent on yoghurt type, storage time and cross treatment 
interaction (Table 3). 

Sucrose had the highest percentage of contribution of yoghurt 
type (2.32%, p<0.001); sucrose accumulated in yoghurts towards 
the end of shelf life. The quantity of sucrose increased during 
storage for all types of yoghurt. Sucrose from honey was solubilized 
in yoghurt and lead to high values of sugars (Tewari et al., 2004) 
(Table 2). This increase might occur due to efflux of intracellular 
carbohydrates associated with the disaccharide metabolism and 
can be observed in case of LAB. The lowest percentage 
contribution on yoghurt type was determined for total solids 
followed by fructose, total sugars and solid non-fat. 

An increasing tendency for glucose and fructose was observed 
until the 14th day of storage because saccharides from honey and 
goji berries were solubilized. This can be also explained by the fact 

that lactose was decomposed by lactic acid bacteria. Moreover, 
LAB have the ability to decrease the carbohydrates content by 
fermentation process. 

Storage influenced the content of lactic acid with a 
contribution of 99.96%. The content of lactose decreased and 
lactic acid increased during storage (lactose is decomposed into 
lactic acid). Lactic acid showed insignificant differences in relation 
to yoghurt type, but a direct contribution to storage time and an 
increasing tendency was found towards the end of shelf life (Table 
3). 

Storage time influenced significantly the content of total solids, 
solids non-fat, fructose (99.98%), total sugars (99.97%) and 
glucose (99.91%). Lactic acid bacteria consumed glucose and 
fructose resulting in low quantities at the end of the storage. In case 
of yoghurt with 7% goji berries, glucose decreased from 2.06% to 
1.32%, while fructose decreased from 3.45% to 2.35%. In yoghurt 
honey and with 7% goji berries, glucose decreased from 2.01% to 
1.31% and fructose from 3.40% to 2.31%. Classic yoghurt showed 
a similar decreasing tendency for glucose and fructose, from 1.96% 
to 1.32% and from 3.45% to 2.35%, respectively. 

Solid non-fat, total solids and total sugars increased until the 
14th day of storage and decreased in the 21st day of storage; the type 
of yoghurt had little influence on these parameters. The total sugar 
content for yoghurt with 7% goji berries ranged from 4.17% 
(initial) to 8.72% in the 14th day of storage and decreased at 6.99% 
in the 21st day of storage. The same tendency was observed in case 
of total solids and solid non-fat (Table 2). The higher amount of 
total solids (including fat and protein content) was found in 
yoghurts in the 21st day of storage. 

Table 2. Results of the physicochemical evaluation of tested yoghurts 

Sample Fat (%) 
Proteins 

(%) 
Lactic acid 

(%) 
Lactose 

(%) 
Sucrose 

(%) 
Glucose 

(%) 
Fructose 

(%) 
Total sugars 

(%) 
Total solids 

(%) 
Solids non-fat 

(%) 
YCi 4.51±0d 3.66±0f 0.61±0.01cd 4.77±0a 0.04±0.01e 0.00±0f 0.20±0f 4.14±0g 13.84±0i 9.24±0h 
YG7i 4.50±0d 3.73±0e 0.61±0bcd 4.72±0.01b 0.02±0e 0.03±0e 0.24±0e 4.17±0f 13.96±0g 9.31±0g 
YHG7i 4.52±0.01d 3.67±0.01f 0.60±0.01d 4.74±0b 0.02±0e 0.00±0f 0.21±0f 4.15±0.01fg 13.90±0h 9.25±0h 

YCm 4.32±0e 4.18±0.01b 0.63±0bc 3.82±0d 0.35±0.01ab 1.96±0c 3.45±0.01a 8.76±0.01a 20.91±0.01a 16.40±0.01c 
YG7m 4.20±0f 4.22±0a 0.63±0.01bc 3.65±0.01f 0.27±0d 2.06±0a 3.45±0.01a 8.72±0.01b 20.85±0.01c 16.56±0.01a 
YHG7m 4.22±0.01f 4.23±0.01a 0.63±0b 3.76±0.01e 0.35±0a 2.01±0b 3.40±0.01b 8.74±0.01ab 20.88±0.01b 16.49±0.01b 
YCf 5.51±0.01a 4.14±0.01c 1.17±0.0a 3.87±0.01c 0.30±0c 1.32±0d 2.35±0c 7.13±0.01c 20.16±0.01d 14.46±0.01f 
YG7f 5.42±0.01c 4.08±0.01d 1.17±0.0a 3.82±0.01d 0.27±0d 1.32±0d 2.31±0d 6.99±0e 20.06±0.01f 14.56±0.01d 
YHG7f 5.46±0.01b 4.13±0c 1.17±0.0a 3.87±0c 0.33±0b 1.31±0d 2.31±0d 7.04±0.01d 20.13±0.01e 14.52±0.01e 

*Values are presented as mean ± standard deviation of three replicates; Different letters within columns indicates statistically significant differences at p<0.05 (Tukey’s 
test) 
1) YCi (classic yoghurt-initial); YG7i (yoghurt with 7% goji berries-initial); YHG7i (yoghurt with honey and 7% goji berries-initial); YCm (classic yoghurt-14th day of 
storage);  
2) YG7m (yoghurt with 7% goji berries-14th day of storage); YHG7m (yoghurt with honey and 7% goji berries-14th day of storage); 
3) YCf (classic yoghurt-21st day of storage); YG7f (yoghurt with 7% goji berries-21st day of storage); YHG7f (yoghurt with honey and 7% goji berries-21st day of storage) 
 

Table 3. Effects of yoghurt type, storage time and their first-degree interaction on fat (%), proteins (%), lactic acid (%), lactose (%), sucrose (%), glucose (%), fructose (%), 

total sugars (%), total solids (%), solids non-fat (%) and their percentage contribution 

Factor Fat (%) Proteins (%) 
Lactic acid 

(%) 
Lactose (%) Sucrose (%) Glucose (%) 

Fructose 
(%) 

Total sugars 
(%) 

Total solids 
(%) 

Solids non-fat 
(%) 

Yoghurt type (YT) 
YC 4.8a 4.0b 0.8a 4.2a 0.2a 1.1c 2.0a 6.7a 18.3a 13.4c 
YG 4.7c 4.0a 0.8a 4.1c 0.2b 1.1a 2.0a 6.6c 18.3b 13.5a 
YHG 4.7b 4.0a 0.8a 4.1b 0.2a 1.1b 2.0b 6.6b 18.3a 13.4b 
SD/Contribution (%) ***/0.34 **/0.12 n.s./0 ***/0.72 ***/2.32 ***/0.05 ***/0.01 ***/0.01 **/0.001 ***/0.02 
Storage time (ST) 
Initial 4.5b 3.7c 0.6c 4.7a 0.0c 0.0c 0.2c 4.2c 13.9c 9.3c 
Middle stage of storage 4.2c 4.2a 0.6b 3.7c 0.3a 2.0a 3.4a 8.7a 20.1b 16.5a 
Final stage of storage 5.5a 4.1b 1.2a 3.8b 0.3b 1.3b 2.3b 7.0b 20.9a 14.5b 
SD/Contribution (%) ***/99.48 ***/98.59 ***/99.96 ***/98.98 ***/96.33 ***/99.91 ***/99.98 ***/99.97 ***/99.98 ***/99.98 
YT x ST 
SD/Contribution (%) */0.17 ***/1.26 n.s./0.01 ***/0.29 ***/1.30 ***/0.04 ***/0.01 ***/0.02 ***/0.02 ***/0.003 

1) Different letters indicates statistically significant differences at p<0.05 (Tukey’s test) 
2) Significant differences (SD) are denoted by asterisks: *p<0.05; **p<0.01; ***p<0.001; n.s. p≥0.05, non-significant 
3) YC (classic yoghurt); YG (yoghurt with 7% goji berries); YHG (yoghurt with honey and 7% goji berries) 
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Crossed treatment interaction revealed significant differences 
in the content of sucrose (1.30% contribution, p<0.001) and 
proteins (1.26% contribution, p<0.001), while the smallest 
percentage of contribution was determined in case of solids non-fat 
(0.003%, p<0.001) and fructose (0.02%, p<0.001). 

 
Lactic acid bacteria 
Lactic acid bacteria concentration remained at probiotic value 

level (106-107 Log CFU/ml) (Shiby et al., 2013) in yoghurt with 
7% goji berries addition during storage and decreased in yoghurt 
with honey and 7% goji berries (Table 4). 

S. termophillus concentration decreased during storage in all 
yoghurt types because of its sensitivity to lactic acid. A slight 
maintenance of S. termophillus concentration was observed during 
the first week of storage. One of the most important properties of 
lactic acid bacteria is their ability to decrease the carbohydrates 
content by fermentation. Until the 14th day of storage, lactic acid 
bacteria had sufficient carbohydrates to synthesize lactic acid 
(Tables 2 and 4); in the 21st day of storage, lactic acid bacteria 
viability decreased and once with it the ability to metabolize 
carbohydrates. 

The growth of probiotics/prebiotics and yoghurt starter 
culture in the presence of fruit juices is strain specific (Vinderola et 
al., 2002). The data presenting the growth and viability of 
lactobacilli in this particular medium is scarce (Kailasapathy et al., 
2008; Vinderola et al., 2002). 

The production of lactic acid by Lactobacillus is influenced by 
the medium pH. Chookietwattana (2014) reported that at an 
initial pH of 6.5 the lactic acid production was high, whereas at a 
pH of 5.0/5.5 the production of lactic acid was prohibited. 

The same evolution in lactic acid bacteria concentration was 
observed by Michael et al. (2010), while Rotar et al. (2007) 
reported a significant decrease of the viable germs to 103 log 
CFU/ml at the end of the storage period in classic yoghurt. 

 
Microbiological evaluation of yoghurt 
Salmonella spp. and Staphylococcus spp. were absent in all types 

of yoghurt (Table 3). Contamination with E. coli was determined 
in goji berries yogurts. In the 14th day of storage the yoghurt with 
goji berries resulted positive for contamination. The presence of E. 
coli was noted in case of yoghurt with honey and goji berries in the 
21st day of storage. 

The presence of Enterobacter was detected in the 21st day of 
storage for yoghurt with honey and goji berries. The initial levels of 
Enterobacter spp. in goji berries was 1.6x10³ log CFU/ml; these 
values were reduced in the 21st day of storage at 0.4x10² log 
CFU/ml, proving bacteriostatic effect by adding honey. 
Salmonella spp. and Staphylococcus spp. were absent in all types of 
yoghurt (Table 3). Contamination with E. coli was determined in 
goji berries. In the 14th day of storage the yoghurt with goji berries 
resulted positive for contamination. The presence of E. coli was 
noted in case of yoghurt with honey and goji berries in the 21st day 
of storage. Literature reports the bactericide/bacteriostatic effect of 
honey (Brudzynski et al., 2012; Brudzynski et al., 2011; Voidarou 
et al., 2011). 

 

Conclusions 

The addition of goji berries (7%) improved the sensory quality 
of classic yoghurt and increased the consumer’s acceptance. 
Quality parameters (chemical parameters) were maintained 
during storage. Goji berries improved the lactic acid bacteria 
evolution and maintained the prebiotic value of yoghurt during 
storage. Concurrent microflora (contaminants) appeared when 
goji berries were added. The results obtained in this study collect 
information that enables the use of goji berries as enhancer of 
probiotic levels in yoghurt. 
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ABSTRACT. The current study aimed to determine the chemical composition 
and antibacterial activity of two essential oils extracted from herbs belonging to 
the family Lamiaceae (mint and oregano), and their beneficial impact on the 
biochemical and microbiological changes occurring in fresh cheese during 
storage time. Based on the essential oils results three types of fresh cheese 
were formulated and the consumer prefer sample were sensory evaluated using 
the 9-point hedonic test. In order to determine the stability during storage, the 
selected sample and the essential oil free control sample were sampled initially, 
after 6 and 12 days of storage than subjected to physicochemical (protein, fat, 
moisture, ash, total carbohydrates, and energy) and microbiological analyses 
(S. aureus, E. coli).  
 
Keywords: Antibacterial activity, Biochemical changes, essential oils, 
microbiologic, sensory evaluation, storage, volatile profile  

 
 
INTRODUCTION 
 

In the recent years, cheese manufacturing and processing has 
transitioned from traditional art to science. Many of the cheese varieties 
have been developed and tested for different environmental conditions in 
order to meet the highly pretentious customer standards [1]. Fresh cheeses 
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production involves the enzymatic coagulation of milk with rennet and/or other 
coagulating enzymes, which in some cases are combined with specific 
lactic bacteria [2]. It is well known that soft texture, low salt content, high acidity 
and moisture, which are characteristics of fresh cheeses, favor the growth of 
spoilage microorganisms, leading to consumer rejection and possible economic 
losses for the industry. Moreover, fresh cheeses are considered potential 
vehicles for Escherichia coli, a pathogen able to survive and grow even at 
refrigerate temperature. As a result, the manufacturing of cheeses involves 
the addition of synthetic preservatives, (e.g., potassium and sodium sorbate) in 
order to ensure the safety of fresh cheeses [3]. However, many studies revealed 
the negative effects of synthetic food preservatives on human health and the 
increasing resistance of microorganisms to these compounds. As a result, 
researchers are focused on the identification and use of natural preservatives 
like essential oils (EOs), which are volatile liquids distilled from different aromatic 
plant materials [4-7]. EOs from Origanum vulgare L. (oregano – OrEO) and 
Mintha piperita (mint – MiEO) are effective in inhibiting a range of cheese-
related bacteria in vitro systems, making them a key alternatives for cheese 
preservation [8]. Considering the antioxidant activity and food preserving 
properties of OrEO and MiEO and the fact that they are natural products [7], 
which can be produced in organic condition, the selected EO could be used 
in organic food products with short shelf-life. Therefore, this study aimed 
to evaluate the physicochemical, microbiological and sensory aspects that 
characterized a fresh cheese made with the incorporation of OrEO and MiEO 
and the effects of these EOs on the cheese during refrigerated storage. 

 
 

RESULTS AND DISCUSSION 
 
Chemical Composition of Essential Oils 
 

The volatile compounds detected by ITEX-GC/MS analysis in the two 
essential oils with their percentage composition are summarized in Table 1.  

According to the results, the MiEO contained 39 constituents and 
the most important ones were α-pinene (3.57%), β-pinene (4.71%), Sabinene 
(2.04%), D-limonene (13.06%) and Eucalyptol (17.76%), all of them belonging to 
the monoterpene hydrocarbons class. The obtained results are similar to the 
aromatic profile presented by de Sousa Barros et al. [8] regarding essential 
oils extracted from different Mentha species. Similarly, OrEO included 21 major 
components among which p-cymene (13.76%), gamma terpinene (11.94%), 
D-limonene (34%) and thymol (19.38%) had the highest concentration which is 
also confirmed by the data presented by Sahbaz A. et al. [9]. The thymol 
belongs to the oxygenated monoterpenes class and the rest of them to 
monoterpene hydrocarbons.  
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Table 1. Volatile compounds profile of oregano and mint essential oils 
 

Crt. 
No. 

Compound 
MiEO, 

% 
OrEO, 

% 

1.  Furan, 2,5-diethyltetrahydro- 0.14 - 

2.  2-Hexenal, (E)- - 0.29 

3.  Origanene - 2.37 

4.  alpha.-Thujene 0.53 - 

5.  alpha.-Pinene 3.57 1.51 

6.  Camphene 0.15 0.39 

7.  3-Methyl-cyclohexanone 0.20 - 

8.  Sabinene 2.04 - 

9.  beta.-Pinene 4.71 0.24 

10.  beta.-Myrcene 0.67 4.78 

11.  n.i. 0.04 - 

12.  1-Methylene-4-(1-methylethenyl)- cyclohexane 0.07 - 

13.  Octanal - 0.20 

14.  alpha.-Phellandrene 0.05 0.69 

15.  3-Carene 0.05 0.24 

16.  alpha.-Terpinene 0.27 3.49 

17.  p-Cymene 0.08 13.76 

18.  n.i. 2.43 - 

19.  D-Limonene 13.06 34.08 

20.  Eucalyptol 17.76 - 

21.  beta-trans-Ocimene 0.13 0.06 

22.  beta-cis-Ocimene 0.03 0.10 

23.  gamma.-Terpinene 0.51 11.94 

24.  n.i. 0.16 - 

25.  Terpinolene 0.13 0.32 

26.  Benzene, 2-ethenyl-1,3-dimethyl- - 0.06 

27.  beta.-Linalool - 0.62 

28.  Thymol - 19.38 

29.  Carvacrol - 5.28 

30.  Cyclohexanone, 5-methyl-2-(1-methylethyl)- 30.54 - 

31.  Menthofuran 2.06 - 

32.  Cyclohexanone, 5-methyl-2-(1-methylethyl)-, (2R-cis)- 5.99 - 
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Crt. 
No. 

Compound 
MiEO, 

% 
OrEO, 

% 

33.  Cyclohexanol, 5-methyl-2-(1-methylethyl)-, (1.alpha.,2.alpha.,5.alpha.) 0.86 - 

34.  Cyclohexanol, 5-methyl-2-(1-methylethyl)-, (1.alpha.,2.beta.,5.alpha.)-(.+/-.)- 9.63 - 

35.  Cyclohexanol, 5-methyl-2-(1-methylethyl)-, [1S-(1.alpha.,2.beta.,5.beta.)]- 0.15 - 

36.  alpha.-Terpineol 0.09 - 

37.  Pulegone 0.38 - 

38.  Piperitone 0.13 - 

39.  Cyclohexene, 4-methyl-1-(1-methylethyl)- 0.10 - 

40.  Menthol, acetate 2.14 - 

41.  Cyclohexane, 1-ethenyl-1-methyl-2-(1-methylethenyl)-4-(1-methylethylidene)- 0.07 - 

42.  n.i. 0.06 - 

43.  Caryophyllene 0.88 0.17 

44.  alpha.-Caryophyllene 0.02 - 

45.  Germacrene D 0.07 - 

46. n.i. 0.02 - 

TOTAL 100 100 

MiEO- mint essential oil, OrEO – oregano essential oil 

 

 
Antibacterial Activity of Essential Oils 
 

In order to evaluate the antibacterial activity, minimum inhibitory 
concentration tests of the studied essential oils were performed. According 
to the results shown in Table 2, minimum inhibitory concentrations values 
differ significantly between the two essential oils. 
 

Table 2. Minimum inhibitory concentrations (MIC) of essential oils 

Essential 
Oil 

E. coli  
ATCC 25922 

S. aureus  
ATCC 25923 

S. enteritidis 
ATCC 13076 

L. monocytogenes 
ATCC 19114 

µl/ml 
MiEO 0.56 ± 0.0 2.45 ± 0.0 1.59 ± 0.0 5.14 ± 0.0 

OrEO 0.22 ± 0.0 0.13 ± 0.0 0.27 ± 0.0 0.13 ± 0.0 

MiEO- mint essential oil, OrEO – oregano essential oil, E. coli - Escherichia coli, S. aureus - 
Staphylococcus aureus, S. enteritidis - Salmonella enteritidis, L. monocytogenes - Listeria 
monocytogenes. Values are results of three replicates. Control negativ, were 0.11 ± 0.0 for 
E. coli (ATCC 25922) and 0.05 ± 0.0 µg GE mL−1 for S. aureus (ATCC 25923), 0,24± 0.0 for 
S. enteritidis, 0.11 ± 0.0 for L. monocytogenes . 
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The results show that OrEO was the most bacteriostatic against all 
four of the selected bacteria, considering that it had the lowest MIC values. 
However, in the case of E. coli, the antibacterial activity of the two essential 
oils is comparable while for the other bacteria the differences are more 
significant. In the case of bacteria S. aureus and L. monocytogenes OrEO 
had the same antibacterial activity (0.13 µl/ml). The antibacterial activity of 
MiEO was also the most bacteriostatic against E. coli, followed by S. 
enteritidis, S. aureus and L. monocytogenes. 

 
Sensorial Analysis 

 
Considering that the sensorial quality of food products is a key factor 

in consumer’s decision-making process, the Hedonic testing was used to 
determine consumer’s attitude towards all three fresh cheese formulations 
samples by measuring the degree of acceptance of the new products. It is very 
important to note that the organoleptic properties of fresh cheese enhanced 
with essential oils remained acceptable to consumers and the quality level 
similar to the current commercially available products. This is also confirmed by 
the results shown in the Table 3 for sensorial evaluation of fresh cheese 
samples containing different type and level of essential oils compared to 
the control sample (without EOs). 
 

Table 3. Results of sensorial evaluation 

Sample Appearance Color Texture Odor Taste 
Overall 

acceptability 

C.S. 7.1 7.0 6.2  7.2 7.1 6.9  

CH. 0.03% MiEO 7.5 7.6  8.2  7.6 8 7.8 

CH. 0.02% OrEO 7.0 7.0 6.4 6 7  6.6 

C.S. – control sample, CH. 0.03% MiEO- cheese with 0.03% mint essential oil, CH. 0.02% 
OrEO – cheese with 0.02% oregano essential oil 
 

It was found that the acceptability of the fresh cheese with 0.02% 
oregano essential oil was the lowest which can be attributed to the taste 
and the intense smell of OrEO. In contrast, the sample with 0.03% MiEO 
had the highest acceptability score (7.8) as well as for the other organoleptic 
characteristics. The mint essential oil has given a fresh taste and smell to 
the product and it reduces the fatty taste of the product. Moreover, the 
sensorial evaluation revealed that fresh cheese with 0.03% MiEO achieved 
higher score than the control cheese sample. 
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The biochemical analysis of the fresh cheese 
 
The results of the biochemical analysis presented in Table 4 revealed 

that the physicochemical parameters for the cheese samples with and 
without MiEO were approximately the same during storage. It was observed 
that the gradual reduction in of cheeses moisture content during the storage led 
to an increase in total lipids, protein, and ash. According to the literature, 
this can be explained by the curd shrinkage, as a consequence of the acid 
production by starter culture, which helps to drain the whey from the cheese 
mass [3]. 
 

Table 4. The compositional parameters percentage values  
according to the ripening stages 

Sample Control sample Fresh cheese with 0.03% MiEO 

Storage time, day 1 6 12 1 6 12 

Fat, g/100 g 27.5 ± 0.1 28.63 ± 0.3 30.17 ± 0.1 28 ± 0.07 29.04±0.04 30.39 ± 0.09 

Protein, g/100 g 17.98 ± 0.08 19.11± 0.1 21.07 ± 0.5 18.14 ± 0.1 19.28± 0.3 20.97 ± 0.2 

Moisture, g/100 g 44.87 ± 0.2 43.08±0.06 41.93 ± 0.1 45.48 ± 0.05 44.17± 0.4 42.96 ± 0.03 

Ash, g/100 g 2.6 ± 0.04 2.71 ± 0.07 2.85 ± 0.01 2.73 ± 0.06 2.8±0.02 2.97 ± 0.1 

Total 
carbohydrates, 

g/100 g 
7.05 ± 0.01 6.47 ± 0.2 3.98 ± 0.03 5.65 ± 0.02 4.71 ± 0.1 2.71 ± 0.08 

Energy,  
kcal/100 g 

347.62±0.09 359.99±0.1 371.73±0.2 347.16±0.07 357.32±0.1 368.23±0.06 

MiEO- mint essential oil 
 

The biochemical analysis of the fresh cheese with and without MiEO 
has revealed that the fat percentage shows a consistent upper trend during 
the ripening stages, from 28.0 ± 0.76 g/100 g within first day of ripening to 
30.39 ±0.09 in the last stage (day 12).  

 
Microbiological evaluation of cheese during storage  

 
Quantitative detection of Escherichia coli (E. coli) and Staphylococcus 

aureus (S.aureus) was performed to establish the contribution of essential 
oil to the fresh cheese microbial load and to evaluate their safety. The European 
regulations on microbiological criteria for cheese preparations (European Union, 
2005) contain limits for E. coli and S. aureus only. The results of fresh cheese 
microbiological examination, Table 5, indicate that MiEO has an important 
antimicrobial effect on the finished product in comparison to the control sample. 
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Table 5. Microbiological characteristics of cheese formulations 

Sample Storage time E. coli S. aureus 

day log CFU/g 

Control sample 
1  ABS 2.14 
6  ABS 2.34 

12 ABS 2.57 

Fresh cheese with 
0.03% MiEO 

1 ABS ABS 
6  ABS ABS 

12  ABS ABS 

 
In the case of the fresh cheese with 0.03% MiEO, it can be seen 

that S. aureus is absent during storage which sustains the inhibitory effect 
of the MiEO. Moreover in the control sample S. aureus grow in the product 
during storage from 2.14-2.57 [log CFU/g. These findings clearly underline 
the beneficial impact of the addition of 0.03% MiEO on the biochemical and 
microbiological changes occurring in fresh cheese during storage time. 
 
 
CONCLUSIONS 

 
The present work proved that the incorporation of OrEO and MiEO 

can enhance the antimicrobial properties of fresh cheese during storage time, 
leading to the natural preservation of the product. Based on the results it can 
be concluded that OrEO was the most bacteriostatic against all four of the 
selected bacteria, due to the lowest MIC values, being followed by MiEO. 
On the other hand, sensory analysis revealed that the acceptability of the fresh 
cheese with 0.02% OrEO was the lowest while the sample with 0.03% MiEO 
had the highest acceptability score (7.8) due to the fresh taste and smell, which 
is related to the distinctive volatile profile of MiEO. As an overall conclusion it can 
be stated, the addition of 0.03% MiEO to the fresh cheese improves significantly 
its sensorial quality and stability during storage time, but without modifying the 
physicochemical parameters of the final product. 
 
 
EXPERIMENTAL SECTION 
 
Plant Materials and Essential Oils Extraction 

 
The dried mint and oregano leaves were purchased from a company 

that markets food ingredients (Solina Group, Alba Iulia, Romania). Essential oils 
were obtained by hydrodistillation using 50 g dried leaves for both plants. The 
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extraction was performed for 3 h with 750 mL distilled water in a Clevenger-
type apparatus (S.C. Energo-Metr S.R.L., Odorheiu Secuiesc, Romania). 
The essential oils were dried over anhydrous sodium sulphate and stored at 
4 oC until analysis. 
 
ITEX/GC-MS Analysis of Volatile Components 

 
The extraction of volatile compounds was performed using the in-

tube extraction technique (ITEX) as described in our previous work [10] 
using 1 µL of sample. The analysis of volatile compounds was carried out on a 
GCMS QP-2010 (Shimadzu Scientific Instruments, Kyoto, Japan) model gas 
chromatograph-mass spectrometer which can be used for measurement of 
various components including hydrogen [11], volatile organic compounds [12]. 
Next, the volatile compounds were separated on a Zebron ZB-5ms capillary 
column of 30 m × 0.25 mm i.d. × 0.25 µm film thickness. In all determinations, 
the carrier gas was He, 1 ml/min and the split ratio 1:20. The temperature 
program used for the column oven was: from 40 oC (kept at this temperature 
for 2 min) to 160 ◦C at 4 ◦C/min, then raised to 240 oC at 15 oC /min (kept at 
this temperature for 5 min). The injector, ion source and interface temperatures 
were set at 250 ◦C and the MS mode was electron impact (EI) at ionization 
energy of 70 eV. The scanned mass range was 40–650 m/z. Volatile compounds 
were tentatively identified using the spectra of reference compounds from 
NIST27 and NIST147 mass spectra libraries and verified by comparison 
with retention indices drawn from www.pherobase.com or www.flavornet.org 
(for columns with a similar stationary phase to the ZB-5ms column). Compounds 
were considered “tentatively identified” only in the case in which their mass 
spectra similarity value was above 85%. All peaks found in at least two of 
the three total ion chromatograms (TIC) were considered when calculating the 
total area of peaks (100%) and the relative areas of the volatile compounds. 

 
Bacterial Strains 

 
The following microorganisms were tested: Escherichia coli (ATCC 

25922), Staphylococcus aureus (ATCC 25923), Salmonella enteritidis (ATCC 
13076) and Listeria monocytogenes (ATCC 19114). All strains were grown 
into a test tube containing 10 mL sterile nutrient broth (Oxoid Ltd., Basingstoke, 
Hampshire, England) at 37 ◦C for 24 h in the case of E. coli, S. aureus and 
S. enteritidis, while L. monocytogenes at 37 ◦C for 30 h. The purity of the 
inoculums was confirmed by plating on appropriate selective media and 
microscopic examination of the Gram-stained smear (Optika microscope, 
B-252, M.A.D. Apparecchiature Scientifiche, Milan, Italy). A loopful of inoculums 
was transferred by streaking onto a selective medium: TBX for E. coli, BP (baird 
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parker) for S. aureus, XLD agar (Oxoid Ltd., Basingstoke, Hampshire, England) 
for S. enteritidis and Palcam agar base (Oxoid Ltd., Basingstoke, Hampshire, 
England) with added Palcam selective supplement for L. monocytogenes. 
Plates were incubated at 44 ◦C for 24 h E. coli, at 37 ◦C for 24 h in the case 
of S. Aureus, and S. enteritidis and at 37 ◦C for 30 h in the case of L. 
monocytogenes. Bacterial morphology was confirmed by optical microscopy. 
Several colonies were collected with a sterile inoculating loop, transferred 
into sterile saline solution (8.5 g L−1), and adjusted to match the turbidity of 
a McFarland 0.5 standard (1.5×108 CFUmL−1) [31]. Then, three serial 10-
fold dilutions (107, 106, and 105 CFU mL−1) were prepared using the sterile 
saline solution as diluent.  

 
Fresh Cheese Manufacture 

 

All cheese samples were elaborated in the Experimental Laboratory 
of Dairy Products (pilot scale) of the Faculty of Food Science and Technology, 
Cluj-Napoca (University of Agricultural Sciences and Veterinary Medicine Cluj-
Napoca, Romania). The control sample (fresh cheese without EOs) was obtained 
using 100 l of cow milk with 3.4 % of fat content, which was previously 
pasteurized at 65˚C/30 min and cooled to 35˚C. Coagulation was performed at 
35°C for 60 minutes using calcium chloride and 5 U selected cultures of 
lactic bacteria (Lactococcus lactis ssp. lactis, Streptococcus thermophilus 
and Lactobacillus casei) and microbial enzyme rennet in form of two cubes 
[13]. Once the curd was formed, it was smoothly cut into 4-5 cm cubes and 
shredded with harp up to 6-8 mm. The obtained curd was placed in perforated 
containers (10 cm diameter) for whey removal for 1 h at 18 °C. The cheese 
samples were vacuum packaged in sterile polyethylene bags and stored for 
12 days in refrigerated storage at 4 °C. The two types of fresh cheese with 
0.02% oregano EO and 0.03% mint EO were obtained based on the above 
steps, like the control sample, with the only difference that the selected EOs were 
added in the stage of coagulation. The amount of essential oils (mint and 
oregano) used has been established after the microbiological analyzes results 
and composition of the EOs. 

 
Sensory evaluation of cheese 

 

Sensory characteristics of cheese samples were evaluated by a panel of 
40 untrained assessors, with a mean age of 25, consisted of students and 
staff members of the department. All samples were coded numerically and 
supplied in plastic dishes randomly. The 9-point hedonic scale test (1 being 
“dislike extremely” and 9 being “like extremely”) was used to evaluate all 
cheese samples. The main sensory attributes used in the assessment of the 
samples were appearance, color, texture, odor, taste, and overall acceptability. 
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Physicochemical parameters of cheese 
 
The moisture, ash, total carbohydrates, total sugars, crude fat and 

crude protein of samples were determined according to AOAC procedures [14]. 
The cheeses samples moisture content was determined via drying in an oven at 
105 °C until constant weight while the ash content was established by incineration 
at 600±15 °C. The crude protein content of the samples was estimated by 
the micro-Kjeldahl method, in which the sample was digested with a known 
quantity of concentrated H2SO4 in the Kjeldahl digestion apparatus. The crude 
fat content was determined in accordance with the Gerber method described by 
SR ISO 488 [15]. The amount of total carbohydrate resulted as a difference 
based on the following equation: 100 - (g moisture + g protein + g fat + g ash). 
The total energy was calculated using the following equation from the literature: 
energy (kcal) = 4 × (g protein + g carbohydrate) + 9 × (g lipid) [16, 17]. 

 
Microbiological evaluation of cheese  

 

Detection of Escherichia coli was carried out using the method 
described in SR EN ISO 16649-2:2007 standard (International Organization 
for Standardization, 2007, 2007b). Staphylococcus aureus was determined 
using the method described in SR EN ISO 6888-1:2002 standard (International 
Organization for Standardization, 2002). Total combined yeasts and moulds 
count (TYMC) was not determined, because the European regulations on 
microbiological criteria for cheese preparations (European Union, 2005) contain 
limits only for E. coli and S. aureus. 
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Abstract 

The goal of the research was to assess the inhibitory effects of  hop extracts, iso-α and β acids, against Pediococcus pentosaceus 
bacteria, during a short incubation period, both in liquid selective media (high pH values) and beer wort fermentation (low 
pH values) and testing if the identified iso-α acid stress changes the activity of S. cerevisiae boulardii yeast and ethanol 
production. Flow cytometry analysis was used for bacterial and yeast cell viability. In relation to the antibacterial activity of β-
acids, a lower viability of Pediococcus pentosaceus cells was observed after a short incubation period in selective media, under iso-
α acid stress. In beer wort, for a mixed culture with P. pentosaceus bacteria and S. cerevisiae boulardii yeast, under iso-α acid 
stress conditions at pH 4.0-5.0, Pediococcus pentosaceus exhibited lower cell viability (20.7%) than in selective media (61.4%). 
Regarding iso-α hop acid on S. cerevisiae boulardii yeast, the results showed that iso-α does not change the S. cerevisiae activity 
but prevents the culture from being contaminated by Pediococcus pentosaceus. The results highlighted reliable inhibitory effects 
of iso-α and β-acids against P. pentosaceus, both at pH 6.0-7.0 and pH 4.0-5.0, which open the possibility of hops being used as 
a supplement to prevent beverage contamination with spoilage microorganisms. 

 

Keywords: cell viability; hop acids; inhibition; Pediococcus pentosaceus; Saccharomyces cerevisiae 
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Introduction 

Hop acids are one of the essential ingredients of beer, 
imparting its bitterness, flavour, and astringency. They have 
been known for thousands of years for their anti-
inflammatory, antiseptic and sedative properties (Zanoli 
and Zavatti, 2008; Muthayan et al., 2011; Olsovska et al., 
2016). Depending on the bacterial growth conditions, these 
bioactive compounds may exhibit either bacteriostatic or 
bactericidal activity (Muthayan et al., 2011; Cermak et al., 
2017). Behr and Vogel (2009), demonstrated that the main 
factors affecting the antibacterial activity of hop compounds 
are the pH value and their ability to bind to the Mn2+ 

cations (Sakamoto and Konings, 2003; Behr and Vogel, 
2009; Zhao et al., 2017). Low pH enhances antibacterial 
activity while at high pH values hop acids lose their 

inhibitory effects (Zhao et al., 2017). The antibacterial 
activity of hop compounds decreases with high pH values, 
because hop acids are weak acids and only undissociated 
forms are active (Cleemput et al., 2009). Antibacterial hop 
compounds, mainly iso-α acids, have been described as 
ionophores, which exchange pH for cellular divalent cations 
and thus, dissipate ion gradients across the cytoplasmic 
membrane (Behr et al., 2007). An investigation by Buggey et 
al. (2001) showed that more hydrophobic, reduced iso-α 
acids have greater antimicrobial activity than their naturally 
occurring analogues. There are various studies pointing out 
that due to the antimicrobial properties, hop compounds 
could be utilized in commercial fuel bioethanol industries to 
control the contaminant bacteria. These bacteria produce 
lactic and acetic acid and under low pH values adversely 
affect the viability of yeast (Vaughan et al., 2005). 
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Hop acid compounds 
To evaluate the antibacterial activity of hops, a clear 

yellow aqueous solution of potassium salts of hop-derived α-
acids (30% m/v) and a clear brown aqueous solution of 
potassium salts of hop-derived β-acids (10% m/v), derived 
from a pure CO2 supercritical extracted resin of hop, 
belonging to the Collection of Gembloux Agro Bio-
Tech./Liège University, Belgium, were used. 

 
Antimicrobial activity of iso-α and β-acids from hops 

against Pediococcus pentosaceus 
The antibacterial activity of iso-α and β-acids from hops 

against Pediococcus pentosaceus  in selective media, was 
performed according to the optimized method (α,β-
Inhibition Method). Samples were prepared by incubating
Pediococcus pentosaceus culture in MRS liquid media with 
iso-α and β hop acids. The inoculation density  was 
O.D.600nm = 0.4 AbsU.  

Five increasing concentrations of iso-α acids: 50 mg/l, 
100 mg/l, 150 mg/l, 200 mg/l, 250 mg/l and β acids: 15 
mg/l; 30 mg/l; 60 mg/l; 100 mg/l; 200 mg/l, were used. The 
control sample was prepared without hop extracts. Samples 
were incubated at 30 °C for 4.5 h under agitation on a 
rotary shaker at 100 rpm. 

 
Growth characteristics of Saccharomyces cerevisiae 

boulardii under iso-α acid stress 
The inhibitory effects of iso-α hop compounds in a 

mixed culture with P. pentosaceus and Saccharomyces 
cerevisiae boulardii were also studied. The experiments were 
carried out under optimal conditions for the Saccharomyces 
cerevisiae boulardii  strain, both in wort and yeast selective 
media, (pH 5.0), at O.D.600nm = 0.4 AbsU with five iso-α 
increasing concentrations: 20 mg/l; 50 mg/l; 100 mg/l; 150 
mg/l; 300 mg/l. The contamination was performed with 
Pediococcus pentosaceus strain (culture B) and incubated at 
30 °C for 4.5 h.  

 
Cell viability assay 
The analyses were carried out on a Genesys 20 Thermo 

Spectronic, Unicom model 4001/4 spectrofotometer using 
the optical density method. The cell incubation was 
monitored for 4.5 h in order to evaluate the antibacterial 
activity of hop acids. All samples were assessed 
spectrophotometrically at 600 nm after 30 min, 1.5 h, 2.5 h, 
3.5 h, and 4.5 h.  

 
Flow cytometry analysis 
The analysis of GFP expression level was performed by 

Fluorescence Activated Cell Sorting (FACS) on a FACScan 
(Becton Dickinson) flow cytometer (Delvigne et al., 2011). 
The samples (1 ml) were transferred to microfuge tubes and 
cells were centrifugated at 14.000 rpm (16.000 xg) for 4 
minutes. The supernatant was removed, cells  were washed 
with cold phosphate-buffered saline (1 ml PBS) and after 
adding 10 μl propidium iodide (PI) the cells were gently 
vortexed and incubated at 30 °C for 15 min in the dark . 
Thereafter the cells were centrifugated at 14.000 rpm 
(16.000 x g) for 4 minutes. After removing the supernatant, 
cells were resuspended in 1ml PBS.  

In terms of beer spoilage microorganisms, lactic acid 
bacteria are the predominant spoilers, Lactobacillus and
Pediococcus being the most commonly reported strains 
(Takahashi et al., 2014). Regarding Lactobacillus and 
Pediococcus bacterial strains, it has been reported that some 
isolates develop mechanisms that confer resistance to hop 
compounds, thus apparently facilitating growth in beer 
(Haakensen et al., 2009). Many studies revealed that beer 
represents an unfavourable growth media for most of the 
microorganisms because of its low pH, lack of nutrients, 
presence of hop derived compounds and alcohol (Pinto et 
al., 2004; Iijima et al., 2008). The contamination with lactic 
acid bacteria in the brewery environment is a problem when 
microorganisms are able to grow in beer and cause off-
flavours or turbidity in the final product from metabolites 
and sediment production (Maifreni et al., 2015). It is well 
known that the contaminant microorganisms compete with 
the Saccharomyces cerevisiae strain for micro and macro-
nutrients and produce inhibitory end products such as 
acetic acid and lactic acid (Obi, 2017). These substances, 
have been shown to increase “lag” times, decrease growth 
rates, reduce biomass yields and even lead to Saccharomyces 
cerevisiae death in some media (Bayrock and Ingledew, 
2004; Skinner-Nemec et al., 2007).  

Considering that at high pH values hop bitter acids lose 
activity and that some strains of Pediococcus bacteria develop 
hop-resistance mechanisms, this study aimed to evaluate the 
antibacterial activity of iso-α and β-hop acids against 
Pediococcus pentosaceus during a short incubation period in 
liquid selective media at pH 6.0-7.0.  

Furthermore, some factors affecting the growth rate 
were studied, in order to determine the inhibitory effects of 
iso-α acids at low pH values and to identify if the iso-α acid 
stress changes the S.cerevisiae boulardii activity and ethanol 
production. Due to the iso-β-acid  degradation during the 
wort boiling process and their very low values in beer, we 
chose to analyze the antibacterial activity of iso-α hop acids 
in beer wort fermentation, contaminated with Pediococcus 
pentosaceus. 

 

Materials and Methods  

Bacteria strains and culture conditions  
The microbial strains used in the experiment, were

Pediococcus pentosaceus bacteria and Saccharomyces cerevisiae 
subsp. boulardii yeast, belonging to the Collection of 
Gembloux Agro Bio Tech University, Belgium. Pediococcus 
pentosaceus strain was inoculated in MRS liquid media at 30 
°C, pH 6.5, until optical density O.D.600nm= 0.4 AbsU 
(Pediococcus pentosaceus culture A).  

Saccharomyces cerevisiae boulardii strain was grown in 
selective liquid medium and incubated at 30 °C for 24 h, 
pH 6.5 (S. cerevisiae boulardii culture A). For testing the 
antibacterial activity during wort fermentation, Pediococcus 
pentosaceus - culture A was inoculated in wort at pH 5.0, 
until O.D.600nm = 0.4 AbsU to obtain the final culture B. 
The same procedure was applied for the yeast strain, culture 
A was inoculated in wort and incubated for 2.5 h, until the 
optical density O.D.600nm = 0.7 AbsU.  
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Analysis by flow cytometry was performed within 1 h. 
The results were analyzed by the FlowJo 7.6.1 software. For 
ethanol analysis by UV-method, an Enzymatic Bioanalysis 
Kit for Ethanol Assays, was used.  

  

Results and Discussion 

The inhibitory effects of iso-α and β-hop acids in MRS 
selective media 

The results for accessing the growth of the Pediococcus 
pentosaceus strain under iso-α and β hop acids stress are 
shown in Fig. 1. It was observed that Pediococcus pentosaceus
was inhibited by iso-α and β acids in MRS media, during 4 h 
30 min  incubation at 30 °C/100 rpm and  pH 6.0-7.0. The 

minimal inhibitory concentration of iso-α acids against 
Pediococcus pentosaceus, was 50 mg/l (13.2% inhibition ± 
0.5%) and 15 mg/l (2.8% inhibition ± 0.3%)  of  β acids. 
The higher inhibitory concentration of iso-α-acids was 200 
mg/l (96.3% ± 1.5% inhibition), while for β-acids at the 
same concentration a lower inhibition (89.6% ± 1.6%) was 
observed. The results showed that for 250 mg/l iso-α acids 
the maximal inhibition was achieved (100% after  
incubation at 30 °C/100 rpm  for 4.5h).  

According to the flow cytometry analysis, the profiles 
were divided in three distinct subpopulations (Fig. 2): ’’PI 
first stage’’ represents the exponential phase of the bacterial 
cells‚’’ PI - thermal stress’’ represents the cells exposed at  60 
°C for 30 min and ’’ PI - second stage’’ an intermediate 
subpopulation. The stressed fractions (PI - second stage and 
PI - thermal stress), were increased under iso-α acids activity 
after 4.5h incubation. The results of flow cytometry analysis 
(Fig. 2B and C), highlighted that Pediococcus pentosaceus 
exerted tolerance to the iso-α hop acids, cells (100 and 200 
mg/l) showing a higher PI permeability after 4.5 h (Fig. 2A) 
and a lower PI permeability after 24 h (Fig. 2E and F) than 
the control sample. At a higher concentration, the bacterial 
cells were stronger both after 4.5 h and 24 h incubation 
time. Several studies have showed that this effect can be 
attributed to the bacteriostatic activity (Hrncic et al., 2019). 
The inhibitory effects of iso-α acids were stronger during the 
first stage of incubation (4.5 h), while after 24 h the viability 
of Pediococcus pentosaceus strain increased, both at 100 mg/l 
and 200 mg/l, beginning to develop resistance to the media. 
The resistance of certain strains of lactic acid bacteria to hop 
bitter acids is probably caused by a combination of 
mechanisms influencing the acidity inside the bacterial cell 
(Cermak et al., 2015). 

 

 

Fig. 2. Flow cytometry dot plots of  Pediococcus pentosaceus incubated with iso-α hop acids A: control sample, B:100 mg/l iso-α 
acids, C:200 mg/l iso-α acids (after 4.5 h incubation) /D,E,F (after 24 h incubation) 
 

 

Fig. 1. The inhibitory effect of different concentration of iso-α 
and β hop acids against Pediococcus pentosaceus bacteria 
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The flow cytometry analysis provided a comparison
between iso-α-acids and  β-acids stress conditions on 
Pediococcus Pentosaceus cell viability, after which iso-α-acids 
were found to be less effective (Cermak et al., 2015) 
according to previous studies. In relation to the iso-α acids, 
Pediococcus pentosaceus cells cultivated under β-acid stress 
(Fig. 3B and C), exhibited a lower PI permeability after 4.5 
h of incubation, compared to the control sample (Fig. 3A), 
while it also showed a lower PI permeability after 24 h for 
100mg/l concentration, (Fig. 3F) (Gerhauser, 2005). It is 
known that iso-α-acids, as well as the products derived from 
α-acids act as ionophores, which alter the selective 
permeability of cytoplasmic membrane and cause 
intracellular acidification (Behr et al., 2007). 

The inhibitory effects of β-hop acids were higher, but 
the viable cells were stronger during the first stage of 
incubation (4.5 h), indicating that Pediococcus Pentosaceus
cells were resistant, However, after 24 h of incubation, cell 
viability decreased, and began to develop tolerance. There 
are several studies showing that tolerance may be developed 
when the microbes are exposed to a mild concentration of a 
weak acid, and rendering them resistant to a stronger dose 
(Jyoti Das et al., 2019). 

 
Effects of simultaneous cultivation of Pediococcus 

pentosaceus and S. cerevisiae boulardii in beer wort and 
selective media 

In the present study, the bacteriotatic activity of iso-α 
acids against Pediococcus pentosaceus strain in beer wort 
fermentation with S. cerevisiae boulardii strain was also 
evaluated. The analyses were performed to test whether the 
iso-α hop compounds change the activity of S. cerevisiae 
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boulardii yeast and ethanol production. Many studies 
showed that P. pentosaceus have never been reported to 
cause any defect in finished beer (Zhao et al., 2017). Also in 
our study, the beer wort was an unfavourable medium for P. 
Pentosaceus cell growth, due to the lower pH (initial pH 5.0 
and final pH 3.8-4.2 after 24h of incubation), lower 
nutrient value, hop-acid stress and alcohol (Pinto et al., 
2004). The Pediococcus pentosaceus strain has slowly grown 
after 4.5 h, while in relation to the MRS selective medium 
(61.4%), the cell viability of the control sample (Fig. 4A) 
was lower (20.7%). In relation to the control samples, at 
lower pH, the bacteria were more tolerant both to 100mg/l 
and 300 mg/l iso-α acid concentration. After 24 h at pH 
4.0, the viability of the cells was reduced to 4.5% and 5.4% 
(Fig. 4E and F), while in the MRS medium, the viability 
increased to 58.0% and 66.1% (Fig. 2E and F). As a result of 
the iso-α acids addition, a decrease of cell viability was 
induced at higher concentration, which was more 
pronounced after a short incubation period. Regarding iso-α 
acids activity on the S. cerevisiae boulardii strain, the results 
showed that  the yeast was not affected by iso-α acids hop 
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Fig. 4C and F  ilustrate  the viability of Pediococcus 
pentosaceus cells  in contact with 300 mg/l iso-α hop acids, 
which was higher than for 100 mg/l in the inhibition tests 
in selective medium (Fig. 2C and F). It was concluded that 
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activity on P. pentosaceus being higher after 24h incubation 
when the yeast cells viability reached almost its maximum 
(Fig. 6E and F). 

After 4.5 h incubation in selective media at pH 6.0-7.0, 
the iso-α and β-acids exhibits a bacteriostatic activity on 
Pediococcus pentosaceus bacteria. The results indicate that the 
Pediococcus pentosaceus strain was resistant to β-acids hop 
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incubation period. After 24 h incubation, under iso-α acid 
stress, the bacteria  developed a resistance, thus reducing 
their sensitivity and consequently the kinetics of their 
destruction, while under β acids stress they were tolerant. 
Similarly, a study released by Garcia et al. (2016), showed 
that the Pediococcus bacteria were able to grow and adapt to 
increasing concentrations of hop compounds in culture 
media and beer, which shows that it could be considered a 
potential beer spoiler. 

The bacteria were able to tolerate the iso-α acids in a 
stronger dose, showing to be stronger both after 4.5 h and 
24 h incubation.  

Regarding iso-α hop acids on the S. cerevisiae boulardii
strain, the results showed that iso-α compounds do not 
change yeast activity but prevent the culture to be 
contaminated by Pediococcus pentosaceus bacteria. The yeast 
cell viability was slightly affected due to the P. pentosaceus
strain competition, compared to the similar fermentation in 
a selective medium, where the viability of P. pentosaceus cells 
was very low and yeast cell viability reached almost the 
maximum (93%). At lower pH, during a short incubation 
period, the Pediococcus pentosaceus strain was more tolerant
to the iso-α acids while for β-acids the tolerance started to 
develop after 24 h. 

Fig. 4. Effects of  iso-α hop acids against S. cerevisiae and P. pentosaceus in beer wort fermentation by flow cytometry analysis, A: 
control sample, B: 100 mg/l iso-α acids, C: 300 mg/l iso-α acids (4.5 h); D,E,F- (24 h) 
 

 

Fig. 5. Ethanol concentrations in beer wort fermentation with 
S. cerevisiae boulardii and  iso-α acids hop extract (30%): 
control sample, 20 mg/l; 100 mg/l; 300 mg/l  
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Conclusions 

In conclusion, the results of this study strongly support 
the likelihood that hop extracts can successfully be used as a 
bacteriostatic agent against Pediococcus Pentosaceus and 
warrant further research on developing hop bactericidal 
activity against this strain by testing the inhibitory effects in 
MRS selective media at low pH (modified pH) under iso-α 
and β acid stress during a longer incubation period. The 
results obtained in this study collect information that 
enables the use of iso-α acids as antimicrobial agent during 
beer wort fermentation, exhibiting a stronger antimicrobial 
effect than in a yeast selective medium. The search for new 
hop compounds with bactericidal properties represents a 
possible solution to the global problem of resistant spoilage 
microorganisms. Thus, hops might present themselves as a 
useful source of potential antimicrobial agents applicable in 
food industry. 
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Abstract: The present study describes the implementation of a food safety system in the dairy pilot
plant “Gourmeticus Academicum,” a spin-off within the University of Agricultural Sciences and
Veterinary Medicine of Cluj Napoca, Romania. In order to improve Hazard Analysis of Critical
Control Points (HACCP) the preliminary programs were integrated into the quality management
system (QMS) by monitoring the biological hazards. The process provides future specialists with good
practice hands-on and educational tools. This study focused on hazard analysis, the determination and
establishment of prerequisite programs, and the role of critical control points (CCPs) based on HACCP
and the challenges found during the process as a critical thinking model on education programs.
The determination of the CCPs in the processing of yogurt was made by applying the decision tree
method. Besides, biological hazards are included as a by-control of the system’s implementation
performance. For the successful implementation of HACCP principles, prerequisite programs (PRPs)
and operational prerequisite programs (OPRPs) were initially implemented. This process could
be challenging but feasible to be reached in small-scale food industries with remarkable results as
educational tools.

Keywords: yogurt; PRP; OPRP; HACCP; critical thinking model; education

1. Introduction

Yogurt is one of the most popular fermented dairy products, with a wide acceptance worldwide
and whose nutritional and health benefits have been known for centuries [1]. As a general definition,
yogurt is a fermented dairy product obtained from lactic acid fermentation by lactic acid bacteria
(Streptococcus thermophilus and Lactobacillus delbrueckii ssp. bulgaricus). After fermentation, the milk
acidifies and coagulates and increases the shelf life due to the low pH [2].

According to the available literature, yogurt is considered a functional food. The complexity of
nutrients and digestibility gives this classification. It is a food that can be recommended for people with
gastrointestinal disorders (irritable bowel disease, inflammatory bowel disease) and people with lactose
intolerance. It helps increase the immune system and lose weight [3]. Yogurt and dairy products foster
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a significant concern to the dairy industry and public health authorities [4]. Yogurt is a good source of
probiotics, but it could also be an essential source of foodborne pathogens [5]. Several authors have
reported the outbreaks or incidents of foodborne diseases associated with dairy products: Brucellosis,
Salmonella, Listeria, Clostridium botulinum [6–9]. In industrialized countries, milk and dairy are involved
in 2–6% of outbreaks of foodborne diseases [10].

The classical methods regarding the hygienic quality of the finished products are inadequate to
control hazards occurring at early stages of the process [11]. Food safety requires compliance with
good manufacturing practices (GMP), sanitation standard operating procedure (SSOP), good hygiene
practices (GHP), also called operation prerequisite programs (OPRPs), and the principles of Hazard
Analysis of Critical Control Points (HACCP) [12].

The concept of critical control points originated in 1959, when the National Aeronautics and Space
Administration (NASA), Pillsbury, and US Army laboratories collaborated to provide safe food for
future space expeditions. This scientific concept is based on the assessment of food safety hazards
through a control system. This system is a preventive one that analyzes the biological, chemical,
and physical hazards that affect the entire food chain [11,13]. Several reports indicated the effects of
implementing HACCP on the microbiological quality of food products [11,14–16].

Note that the implementation of HACCP is mandated for all small- and medium-sized food
companies in the European Union (EU), and HACCP is recognized in the international food safety
community as a worldwide guideline for controlling foodborne safety hazards [17]. Its principles,
detailed in the Codex Alimentarius guidelines, are integrated with International Standard ISO
22000:2018 [18]. The application of HACCP systems does not imply the existence of a traceability
system as a direct consequence of the documentation procedures. However, the implementation of
such a system is of particular importance. Even if Principle 7 of the HACCP system requires established
documentation and record-keeping procedures, traceability systems are not mandatory under this
system [19].

ISO 22000:2018, which was introduced worldwide on 19 June, 2018, states that organizations
must conduct a risk analysis to identify significant hazards [18]. ISO 22000 was not recognized by
the Global Food Safety Initiative as a standardized reference for food manufacturers in the past, as it
imparts no detailed PRP (prerequisite program)-related information. Hence, ISO 22000:2018 comes
with improvements essentially looking to determine a PRP for and the CCP (critical control point)
of the significant hazards, having as fundamental principle risk-based thinking and risk reduction [18].
In food industries, identifying the hazards was the one of the 12 application steps for the HACCP
approach that were considered critical. It also agrees with the first principle of Codex HACCP and ISO
22000:2018, which calls for the execution of hazard analysis. HACCP systems aim to identify, evaluate,
and control hazards [16].

This work aims to implement a food safety system (HACCP) under the ISO 22000:2018 [18]
standard by conducting a hazard analysis in a small-scale dairy pilot plant and yogurt production to
develop a critical thinking model as an educational tool for food engineering students (FES) as well
to identify CCPs, thus setting up an effective preventive system that will lead to a safer and more
efficient production of yogurt and providing an example of good practice and educational tools for
FES education programs.

2. Materials and Methods

2.1. Small-Scale Dairy Pilot Plant Description

This study was conducted at the small-scale dairy pilot plant (DPP) of the Faculty of Food Science
and Technology, University of Agricultural Sciences and Veterinary Medicine of Cluj Napoca, Romania.
This DPP is part of the food pilot chain consisting of six pilot plants, founded in 2012. The main goal is
to implement the EN ISO 22000:2018 food safety management systems [18] within the pilot plant where
the practical works are carried out with the FES (as internship in traineeship programs—integrated
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education programs), thus setting up an effective preventive system that will lead to a safer and
more efficient production of yogurt. Management commitment was realized by communicating
to the organization the importance of meeting the International Standard statutory and regulatory
requirements as well as customer requirements relating to food safety, and by ensuring the availability
of financial, material, and human resources for the establishment of the necessary work environment,
complying with the EU food standards and regulation. The products are directed exclusively to
the internal market. DPP has implemented ISO 22000:2018 to improve the quality and safety of its
products, customer expectations, the product image on the market, and to develop good practice as
an educational tool. The identification, analysis, monitoring, and corrective actions established for
CCPs and the verification of the effectiveness of the entire HACCP plan were performed according to
the procedures underlying ISO 22000:2018. This standard has been implemented in production lines.
However, the present study aims to integrate microbiological parameters (the total colony forming unit
(CFU), somatic cell count (SCC), and Enterobacteriaceae) in the food safety system (HACCP) as quality
parameters in a spin-off small-scale yogurt processing plant.

2.2. Materials

This manuscript analyzes the implementation of ISO 22000:2018 for natural yogurt with 3.6% fat
made in a DPP.

Qualitative and quantitative reception of milk. Milk is transported from Cojocna farm in secured
aluminum cans.

From the reception valve the milk is passed to an acid dairy products plant (IPI tank with
100 L capacity) using a pump (202 MHI type) a milk flow of 2000 L/h.

The acid dairy products plant is used for milk pasteurization and inoculation with the
starter culture.

Milk pasteurization. Pasteurization is performed at high temperatures (85–90 ◦C) for 20–30 min.
Pasteurization aims at the following:

- improvement of hygienic quality of milk;
- environment improvement for the development of lactic bacteria;
- yogurt consistency improvement: high temperatures of pasteurization favors a softer curd that

retains more whey.

From the pasteurization device the milk is continuously passed through the meanings of a pump
(MHI 202 type) in a heat exchanger placed above the tank until complete pasteurization of the milk.
The pasteurization is done under continuous stirring (the valve is provided with an agitator).

Milk cooling. The cooling of the milk is done in the same valve as pasteurization by recycling
the milk through the heat exchanger until the yogurt reaches a temperature of 45–46 ◦C. The heat
exchanger uses water from the regular city supplies network to cool the milk.

Milk inoculation. This is done with starter cultures of lyophilized lactic bacteria. The culture is
diluted in milk and then the milk is strongly stirred until uniform distribution of the culture is reached
for 10–15 min. With the help of the second pump (MHI 202 type) the inoculated milk is sent to a
packaging device (ADL-ATS 200 type, 200–250 cups/h capacity for 200 mL cups).

Packaging. The dosage in sales packaging is performed in a manual device (ADL-ATS 200 type).
The yogurt has to be continuously stirred in the valve during packaging. The cups are thermosealed
with aluminum foil after filling.

Tempering. The packaged products are placed in a thermostatic aluminum cabinet (with a
capacity of 400 cups for each 200 mL). The yogurt tempering takes place at 43–45 ◦C for 2.5–3 h.

Precooling at 18–20 ◦C for 2 h.
Cooling and storing at 2–6 ◦C for 12 h.
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2.3. Methods

2.3.1. Elaboration of Critical Thinking Model

The critical thinking learning model developed and applied is described in Figure 1. Through the
learning process three stages were identified: (1) Evaluation of information; (2) description/identification
of problems as main concept; and (3) analysis (interpretation and inferences). The evaluation of
information is based on gathering and reporting data, facts, observations, and experiences that should
be clear, relevant, accurate, adequate, and consistent. The description is focused on identifying the
most important concepts, theories, ideas, regulations, procedures, principles, models, and definitions
that should be clear, relevant, and accurately presented. The analysis is centered on interpretation
and inferences and elaborate conclusions and solutions that should be clear, logical, justifiable,
and consistent. The application of the model during the learning process of FSMS (food safety
management systems) to food engineering students leads to achieving the ability of critical and
design thinking.
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2.3.2. Elaboration of PRPs

The HACCP team was responsible for coordinating and implementing the corrective measures
to improve the adaptation to the PRPs (GMPs, GHPs, and SSOPs). The definition of the production
chain—from the farm to final consumer; the definition of food safety and contamination; types of
contamination; the importance of microbiological contamination; optimal conditions for the growth
of microorganisms; contamination by microorganisms—elimination, inhibition, and prevention;
the application of GMP principles (personal hygiene, environment, and equipment); habits for the
correct handling of foods; benefits of GMPs (food safety, longer shelf life, reduced losses, better working
environment, and consumer satisfaction); the need to change the behavior and commitment of all
employees; work instructions; the importance of hygiene (how to avoid contamination); conditions for
effective cleaning; phases of the hygiene process; and the presentation of work instructions as described
by Cusato [20] were followed.
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2.3.3. Elaboration of the HACCP Plan

Based on ISO 22000:2018 [18] and HACCP principles, according to Codex Alimentarius, the overall
technical process of yogurt production was drawn and a hazard analysis was performed following the
12 steps for developing an HACCP plan (Table 1). The identification of hazards is made according
to their nature (biological, chemical, and physical). The analysis is done according to the likelihood
occurrence level and its severity (Table 2) [12]. Hazard rating is calculated by multiplying likelihood by
severity. The determination of CCPs is done with the help of the decision tree (DT) (Figure 2), in which
only the stages with a hazard rating ≥3 are introduced [16].

Table 1. Steps of Hazard Analysis and Critical Control Points.

Step 1 Assemble HACCP 1 team

Step 2 Describe product

Step 3 Identify intended use

Step 4 Construct flow diagram

Step 5 On-site confirmation of flow diagram

Step 6. Principle 1 List all potentioal hazards, conduct a hazard analysis, and consider control measures

Step 7. Principle 2 Determine CCPs 2

Step 8. Principle 3 Establish critical limits for each CCPs

Step 9. Principle 4 Establish a monitoring system for each CCPs

Step 10. Principle 5 Establish corrective actions

Step 11. Principle 6 Establish verification procedures

Step 12. Principle 7 Establish documentation and record-keeping
1 HACCP, Hazard Analysis of Critical Control Points; 2 CCP, Critical Control Point. Adapted from Kamboj et al.,
2020 [12].

Table 2. Level of likelihood of occurrence and hazard severity.

Likelihood of Occurrence Hazard Severity

High (3) Highly probable; known history in the sector
Life-threatening or long-term chronic illness
(e.g., infection, intoxication, or anaphylaxis),

chronic effects or death

Medium (2) Could occur; minimal history within the
sector but has happened

Injury or intolerance;
not usually life-threatening

Low (1) Unlikely to occur; no known examples Minor or no effect; short duration

Adapted from Kamboj et al., 2020 [12].

2.3.4. Microbiological Analyses

The mandatory analyses according to Romanian legislation were performed according to
Regulation No. 853/2004 as amended and supplemented by Regulation No. 1020/2008 [21] for raw
material milk and pasteurized milk, and according to Regulation No. 2073/2005 as amended and
supplemented by Regulation No. 365/2015 [22] for yogurt, which is in conformity with the EU
Council Directive 2002/99/EC [23], Regulation (EC) No 178/2002 [24], Regulation (EC) No 852/2004 [25],
Regulation (EC) No 853/2004 [26], Regulation (EC) No 854/2004 [27], and Regulation (EC) 882/2004 [28]
for the public health rules and safety food trade.

The total colony forming unit (CFU) was analyzed according to the SR EN ISO 4833-1:
2014 method [29], the somatic cell count (SCC) was analyzed according to the SR EN ISO
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13366-1:2008/AC:2010 method [30], and the Enterobacteriaceae were analyzed according to the ISO
21528-1: 2017 method [31].
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3. Results and Discussion

3.1. Assessment and Implementation of the PRPs

The PRPs implemented in the DPP are hygiene of personnel and food hygiene, disinfection and
cleaning, prevention of cross-contamination, the importance of maintaining a cold chain during food
storage, hygiene premises and buildings, control pests, equipment maintenance, quality control of raw
material at reception, food with water, waste and wastewater disposal, storage and transportation,
product management, and supply management. A well-defined plan includes these programs. PRPs are
fundamental conceptual programs for establishing security bases. There are more basic programs and
assistance programs that provide foundations for HACCP [32]. The programs’ basis is GMP and GHP
for products and the handling and delivery of finished products, to be provided by technology [18,33].

For the implementation of PRPs, buildings, facilities, equipment, utensils, food handlers,
production, transportation of food, and documentation were evaluated. Following the evaluation
and the observed non-conformities, operational procedures were performed. As an educational
tool, the essential stage of the implementation of FSMS is the training. Although most people
involved, especially interns, know about food contamination, theoretical training is not sufficient
to implement FSMS in practice. The theoretical and practical training applied was observed by
changing habits and behavior regarding GMPs and GHPs (by applying the principles of GMP
(personal hygiene, environment, and equipment), habits for the correct handling of foods, how to
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avoid contamination, types of surfaces to be cleaned and cleaning agents, conditions for effective
cleaning (solution concentration, water temperature, exposure time, and mechanical action), phases of
the hygiene process (pre-rinsing, detergent solution, rinsing, and sanitizing), and the presentation
of work instructions). Another aspect that encounters difficulties in DPP is the large rotation of the
interns, delaying a team’s consolidation with the desired standard work and resulting in improvements
taking longer than expected. To improve this aspect, a technological engineer (a university assistant
responsible for student practice) was delegated to do theoretical and practical training and verify the
activity on PRPs and the necessary monitoring. A similar approach was noted by Cusato [20] in a
small dairy factory and by Karaman [34] in a dairy factory in Turkey.

3.2. Implementation of HACCP Plan

Preliminary steps to enable hazard analysis (Step 1–6).

3.2.1. Food Safety Team

A multidisciplinary team composed of nine people was created to implement the requirements of
the system. The team members were trained thoroughly on the HACCP system and ISO 22000:2018
standard [18]. The food safety team members are an HACCP team leader, dairy technological engineer,
technological engineer (university assistant responsible for student practice), testing laboratory manager,
hygiene manager (responsible), maintenance manager, supply manager, sales manager, and HACCP
team secretary.

3.2.2. Product Characteristics and Intended Use

The food safety team preceded a complete description of the yogurt, identifying its composition;
chemical, biological, and physical characteristics; treatments; durability; storage conditions;
and distribution methods. Table 3 summarizes the yogurt’s characteristics, and its use is recommended
for all segments of the population, except sensitive people (people with a milk allergy or intolerance).

Table 3. Gourmeticus yogurt product description.

1 Product name Gourmeticus yogurt

2 Composition and ingredients Pasteurized milk and cultures of selected dairy bacteria
(Lyofast Y 450 B, Lyofast Y 452 B)

3 Organoleptic characteristics

Compact, homogeneous curd, without gas bubbles or zircon;
the ruptured clot has a porous granular appearance.
Milk-specific white, uniform or yellowish in color.
The specific smell and taste of yogurt, pleasantly sour,
without foreign taste or smell.

4 Physio-chemical characteristics
It must not have any physical impurities.
Fat minimum 3.0 ± 0.1%, total solids content minimum 11%,
acidity minimum 0.6% lactic acid, protein substances minimum 2.8%

5 Microbiological characteristics Salmonella, E coli., Enterobacter, Shigella, Klebsiella—absent

6 Treatments Pasteurization

6 Nutritional values
Energy value 55.8 kcal
3% fat, of which 2 g saturated fatty acids, 4 g carbohydrates,
3.2 g protein, and 0.2 g salt.

7 Packing method In 200 g plastic cups and the closure is made with heat-sealable
metallic foil.

8 Terms of validity 21 days

9 Storage instructions Refrigerated rooms, clean, disinfected, ventilated, no foreign
smell at temperatures between 2–8 ◦C.
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Table 3. Cont.

10 Labelling instructions

Labelling must be carried out following the regulations and
include the following aspects: the name of the product, list of
ingredients, any ingredient or technological adjuvant that causes
allergies or intolerances used in the respective factory,
the number of certain ingredients or ingredient categories,
net quantity of food, date of minimum durability or expiration
date, special storage conditions, name or trade name and
address of the food business operator, country of origin or place
of origin, instructions for use, nutrition statement, date of
manufacture (day, month, batch).

11 Instructions for use It is consumed as such.

12 Delivery/sales conditions

Authorized means of transport, isothermal, refrigerated, clean,
ventilated, in the absence of toxic substances or a pungent smell
at temperatures between 2–8 ◦C. The product is sold at the
university store. The temperature in the storage refrigerator is
between 2–8 ◦C.

3.2.3. Flow Diagram

The flow diagram includes all the technological process stages for making Gourmeticus yogurt
(Figure 3). In addition to the technological process stages, the diagram shows the stages until delivery to
consumers (storage on the market). This detail is essential for a better presentation of the environmental
conditions that could affect the product’s quality and safety. These aspects must be taken into account
due to their importance for consumer health [35]. The flow diagrams were checked on-site by the food
safety team.

3.2.4. HACCP Plan Principles (Steps 7–12): Hazard Identification and Determination of Acceptable
Levels

The identification and assessment of hazards is a crucial principle for all HACCP systems [36]
and a prerequisite to protecting public health. To achieve this step, the food safety team established
a procedure specifying the methodology for hazard analysis, described in Table 4. Hazard analysis
is applied from the receipt of raw materials to the delivery of the finished product. The dangers can
have a direct or indirect impact on yogurt. They are based on the implementation of PRPs and aim to
identify CCPs.

The identified hazards are classified according to pathogens (biological hazards), toxic substances
(chemical hazards), and external particles (physical hazards) and are due to contamination,
multiplication, and persistence. The HACCP team’s identification and analysis of the dangers
of yogurt were performed for all stages of the production process.

Assessment of hazards based on the severity (S) of known effects on consumer health and the
likelihood of these hazards occurring in DPP. The probability (P) is established according to the history
and expertise of the DPP. Each hazard is evaluated and receives a score between 1 and 3. A hazard is
considered significant if the resulting hazard rating (HR) score from the multiplication of the probability
by the severity is above 3 [12,16,37,38]. A significant hazard is one of such a nature that its elimination
or reduction to an acceptable level is essential to the production of safe food.

Following the hazard analysis, an HR is established. For hazards of HR ≤ 2, which are considered
low or almost non-existent hazards, control measures are made using PRPs, with no CP (control point)
or CCP required [39].

The PRPs control the potential chemical hazards associated with milk, such as veterinary drug
residues, food additives, residue of migration of substances from packaging materials, heavy metals,
and oil-free air compressors or potential biological hazards in order to reduce the probability of
occurrence [40].
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Even if greater importance is given to chemical and biological hazards, physical hazards in dairy
products are just as significant [40]. Physical hazards can easily occur through non-compliance with
PRPs or accidental contamination [41], and are related to contact with various objects, packaging,
or incorrect labelling [40].

Milk cleaning is not considered in our unit, with HR ≥ 3 (CCP or CP), but is periodically checked
for the presence of external particles (glass, plastic, wood, metal, etc.) [39].

When significant hazards are identified as having HR ≥ 3, a 4Q (Questions) decision tree is used
to decide whether a particular hazard is a CCP or control point (CP), analyzed in Table 5. Although it
is not mandatory to use the CCP decision tree method of ISO 22000:2018, the decision tree, a clear,
well-organized, and understandable visual analysis tool, should be used to determine [41] and to
prioritize [42] the CCPs.
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Table 4. Hazard analysis and assessment. The table presents the hazard analysis of each steps of the technological flow diagram.

The Stage of the
Technological Process

.2
Potential Hazards

.4Is the Danger
Potentially Significant?

Hazard Assessment .2Preventive Measures/Control Measures
S 1 P 2 HR 3

1. Reception of milk

B 4

Mycobacterium tuberculosis,
Salmonella, E coli,
Staphylococcus aureus,
Brucella campylobacter,
Listeria monocytogenes,
Bacillus cereus,
Mycobacterium bovis
CFU 7 max 100,000/mL,
SCC 8 max 400,000 mL

Yes—non-compliant milk can
lead to obtaining an
inappropriate product or even
to the production of diseases.

3 1 3

-Compliance with GMP measures and training
of staff on compliance with GMP measures
-Performing a second party audit at the
supplier to verify compliance with
GHP measures
-Checking the analysis reports, the declarations
of conformity, and the sanitary approvals that
accompanies the raw milk
-Rejection of inadequate raw milk from a
microbiological and physio-chemical point
of view
-Cooling the milk immediately after milking
on the farm and transporting to a refrigerator
-Checking the temperature and
transport conditions

C 5

Antibiotics, pesticides,
neutralizers, nitrates,
mycotoxins, drugs,
growth hormones,
the presence of detergents
and disinfection substances

Yes—it can lead to obtaining
an inappropriate product or
even to a health impact
causing different diseases.

3 1 3

P 6 Hair, straw, feces
No—the presence of foreign
bodies cannot cause injury to
the consumer.

2 1 1

2. Reception and
packaging storage

B E coli., Staphylococcus,
B. cereus, molds

Yes—infected and infested
packaging can lead to an
unsuitable product or
even disease.

3 1 3

-Compliance with GMP measures and training
of staff on compliance with GMP measures
-Evaluation and selection of suppliers
-Verification of declarations of conformity
accompanying packaging
-Rejection of improper packaging from a
microbiological and physio-chemical point
of view
-Proper storage of packaging

C - - - - -

P - - - - -
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Table 4. Cont.

.5
3. Reception of
lactic acid bacteria
starter cultures

B Salmonella, E coli.,
Staphylococcus

Yes—contamination can lead
to an unsuitable product or
even disease.

3 1 3

-Compliance with GMP measures and training
of staff on compliance with GMP measures
-Verification of the declarations of conformity
that accompany the starter cultures
-Monitoring the storage temperature and
following the validity period written on the label
-Observing the FIFO 9 principle and
disinfecting the refrigerator after each defrost
-Keeping in its own closed packaging

C - - - - -

P - - - - -

4. Milk filtration

B - - - - -

-Compliance with GMP measures and
staff training
-Maintenance filters
-Checking the hygiene and operation of
the filter

C Contamination with
detergent residues

No—the presence of residues
of washing substances cannot
cause serious illness.

2 1 2

P Filtering surface
Yes—the presence of metallic
impurities can cause illness
and injury to the consumer.

2 1 2

5. Pasteurization

B M. tuberculosis, Brucella, E coli.
Yes—contamination can lead
to an unsuitable product or
even disease.

3 1 3

-Compliance with GMP measures and training
of staff on compliance with GMP measures
-Checking the equipment’s hygiene and utensils
by performing quarterly sanitation tests and
by visual inspection before each pasteurization.
-Respecting and monitoring the
pasteurization conditions (time and
temperature)—thermograms
-Maintenance of washing and disinfection
substances in specially arranged places,
kept under lock and key
-Control of washing solutions

C Contamination with
detergent residues

No—the presence of residues
of washing substances cannot
cause serious illness.

2 1 2

P - - - - -
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Table 4. Cont.

6. Cooling

B - - - - -

-C - - - - -

P - - - - -

7. Inoculation with
the starter culture of
lactic acid bacteria
and fermentation

B - - - - - -Compliance with GMP measures and training
of staff on compliance with GMP measures
-Performing quarterly sanitation tests to check
the hygiene of equipment, utensils, staff
-Employee staff must have regular medical
check-ups performed according to the
legislation in force
-Performing disinfection operations according
to the planning

C Contamination with
detergent residues

No—the presence of residues
of washing substances cannot
cause serious illness.

2 1 2

P

The presence of foreign
bodies in the production

space, from the staff,
from the utensils

Yes—the presence of foreign
bodies can cause injury to
the consumer.

2 1 2

.5

8. Packaging

B - - - - - -Compliance with GMP measures and training
of staff on compliance with GMP
-Performing quarterly sanitation tests to check
the hygiene of equipment, staff, packaging
-Employee staff must have regular medical
check-ups performed following the legislation
in force
-Checking the heat seal of the lids

C Contamination with
detergent residues

No—the presence of residues
of washing substances cannot
cause serious illness.

2 1 2

P - - - - -

9. Tempering

B - - - - -

-C - - - - -

P - - - - -
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Table 4. Cont.

10. Pre-cooling

B - - - - -

-C - - - - -

P - - - - -

11. Storage Cooling

B Salmonella, E coli., Enterobacter,
Shigella, Klebsiella

Yes—contamination can lead
to an unsuitable product or
even disease.

3 1 3
-Compliance with GMP, GHP measures and
training of staff in compliance with GMP, GHP
-Performing disinfection operations according
to the planning made by the HACCP coordinator
-Monitoring the temperature in the cold
storage and following the shelf life written on
the label
-Respect the FIFO principle
-Carrying out the disinfection operations
according to the planning

C - - - - -

P Pests, mice
Yes—contamination can lead
to an unsuitable product or
even disease.

2 1 2

12. Sales
B Salmonella, E coli., Enterobacter,

Shigella, Klebsiella

Yes—contamination can lead
to an unsuitable product or
even disease.

3 1 3

-Compliance with GMP, GHP measures and
training of staff on compliance with GMP, GHP
-Respecting the sales parameters and checking
the validity term written on the label
-Respecting the FIFO principle and sanitizing
the refrigerator after each defrost
-Performing disinfection operations
according to the planning made by the
HACCP coordinator

C - - - - -

P - - - - -

1 S, severity; 2 P, probability; 3 HR, hazard rating; 4 B, biological; 5 C, chemical; 6 P, physical; 7 CFU, colony forming units; 8 SCC, somatic cell count; 9 FIFO, first-in first-out.
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Table 5. CCP 1/CP 2 identification.

Stage Q31 Q2 Q3 Q4 CCP/CP

Qualitative and quantitative reception of milk Yes No No - CP

Qualitative and quantitative reception and
packaging storage Yes No No - CP

Qualitative and quantitative reception of lactic acid
bacteria starter cultures Yes No No - CP

Pasteurization Yes Yes - - CCP1

Cooling, storage Yes No Yes No CCP2

Sales Yes No Yes No CCP3
1 CCP, Critical Control Point; 2 CP, Control Point; 3 Q, Question.

The first CCP identified was pasteurization, because non-compliance with the parameters of this
stage could lead to the survival of pathogenic bacteria, which has the consequence of causing health
problems to consumers. Several publications have been identified that describe the effect of term
treatment on the inactivation of toxins and bacteria [43–45].

The second CCP is considered cooling, followed by storage. At this stage of the technological
process, the temperature is reduced from 85 ◦C to 2–8 ◦C in 1 h. This CCP is considered essential
because keeping it under control prevents the growth of potentially present thermotolerant bacteria.
After pasteurization, product cross-contamination can be controlled by applying strict cleaning and
disinfection rules [11].

The growth of bacteria can be controlled by strict time–temperature control. Consequently,
time and temperature must be carefully monitored during the storage process [46]. The same strict
conditions must be observed for the delivery and sales stages—CCP 3.

After the correct performance of the CCPs, the critical limits are established for each, monitoring
procedures and actions to be taken if critical limits or action limits or action criteria are exceeded,
as illustrated in Table 6.

Table 6. Identifying critical limits, monitoring procedures, and corrective actions.

Pasteurization Storage, Cooling Sales

Target value 85–95 ◦C
20–30 min 2–8 ◦C 2–8 ◦C

Critical value ≤85 ◦C; ≤20 min ≥8 ◦C ≥8 ◦C

M
on

it
or

in
g Responsible Technological engineer Technological engineer Refrigerator driver

Method Physical method, visual Physical method, visual Physical method, visual

Frequency Continue Continue Continue

Document Monitoring sheet Monitoring sheet Monitoring sheet

C
or

re
ct

io
n/

C
or

re
ct

iv
e

ac
ti

on Correction For parameters
(temperature, time)

For parameters
(temperature)

For parameters
(temperature)

Corrective action

Bringing the parameters to
the critical value
(increasing the

temperature and time)

Bringing the parameters to
the critical value

(temperature drop)

Bringing the parameters to
the critical value

(temperature drop)

Responsible Technological engineer Technological engineer Technological engineer

To check whether the HACCP plan is functioning as envisaged, the food safety team established a
verification plan in Table 7, which specifies the application domain, frequencies, and responsibilities
for the verification activities.
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Table 7. Establishing verification procedures.

Crt. No Field of Verification Check Frequency Responsible for Verification

1.
Verification of compliance with the
procedure for selecting suppliers and
procurement of raw milk and materials

Monthly HACCP team leader/FES

2. Checking the quality and safety of food Monthly Responsible for hygiene
and quality/FES

3. Checking the mode of transport of raw
milk and materials Monthly Technological engineer/FES

4. Checking the storage and output mode
for processing raw milk and materials Monthly Technological engineer/FES

5. Drinking water supply check Annually Responsible for hygiene
and quality/FES

6.
Verification of compliance with the
stages of preparation of raw milk
and materials

Monthly Technological engineer/FES

7. Verification of compliance with
equipment maintenance Biannually Maintenance manager/FES

8. Verification of calibration of measuring
and control devices Biannually HACCP team leader/FES

9. Checking the hygiene of production
spaces, annexes, and social groups Monthly HACCP team leader/FES

10. Checking the control of the health status
of the staff

Biannually HACCP team leader/FES

11. Checking the hygiene of the
work equipment Monthly HACCP team leader/FES

12. Checking the way to ensure the
disposal of waste Biannually HACCP team leader/FES

13. Verification of compliance with the pest
control procedure Monthly HACCP team leader/FES

14.
Verification of CCP records; deviations
from critical limits; execution of
corrective measures

Daily HACCP team leader/FES

15. Checking CP records Daily HACCP team leader/FES

16. Checking the way to ensure
staff training Biannually HACCP team leader/FES

17. Checking the quality control and safety
of the finished products Monthly Responsible for hygiene

and quality/FES

18. Checking the registration activity Monthly HACCP team secretary/FES

19. Checking the registration and
settlement mode of complaints Monthly HACCP team secretary/FES

FES—food engineering students.

In this study, to achieve the last principle of the HACCP plan, the documents and records prepared
during the implementation of the plan are used. These documents represent evidence regarding the
realization of the HACCP principles, the monitoring of the parameters of the CCPs, and the proposed
corrective actions. These documents are divided into instructions and procedures and consist of
the documents elaborated for the educational tool [11]. Their structural elements are title, purpose,
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application/scope, definitions, abbreviations, authorities, responsibilities, description of activities,
records, related documents, references, and annexes.

3.3. Microbiological Analysis Results of Yogurt

The microbiological characteristics of raw milk, pasteurized milk, and yogurt samples are shown
in Table 8. The samples were analyzed before and after the implementation of ISO 22000:2018 to verify
the advantages of FSMS.

Table 8. Microbiological characteristics of raw milk, pasteurized milk, and yogurt samples quantified
before and after the HACCP implementation.

Analyze/Sample Before/After HACCP
Implementation Raw Milk Pasteurized Milk Yogurt

.5
CFU

SR EN ISO 4833-1:2014

Before HACCP
implementation 250,000 cfu/mL 754 cfu/mL -

After HACCP
implementation 80,182 cfu/mL 97 cfu/mL -

.5 SCC
SR EN ISO

13366-1:2008/AC:2010

Before HACCP
implementation 345,000 NCS/mL - -

After HACCP
implementation 14,000 NCS/mL - -

.5
Enterobacteriaceae ISO

21528-1:2017

Before HACCP
implementation - 6 cfu/mL 3 cfu/mL

After HACCP
implementation - 0 cfu/mL 0 cfu/mL

Following the HACCP plan’s implementation, a decrease in the specific microbiological load
is observed, as shown in Table 8. In the case of raw milk, CFU decreases from 250,000 cfu/mL to
80,182 cfu/mL. In the case of pasteurized milk it decreases from 754 cfu/mL to 97 cfu/mL. These values
are within the maximum allowed [21] of 300,000 cfu/mL for raw milk and 100,000 cfu/mL for pasteurized
milk. In the case of NCS there is a decrease in raw milk from 345,000 NCS/mL to 14,000 NCS/mL,
with the maximum allowed [21] being 400,000 NCS/mL. Spectacular decreases are also observed in the
case of Enterobacteriaceae: In the case of pasteurized milk it decreases from 6 cfu/mL to 0 cfu/mL, and in
the case of yogurt it decreases from 3 cfu/mL to 0 cfu/mL, within the maximum allowed values [22]
of 10 cfu/mL. In the literature, the HACCP system application in dairy establishments has improved
the microbial quality of the dairy product [14,20]. A study by Cusato [20] show similar results and
showed the reduction of total coliform, mold, and yeast count in yogurt after the application of the
HACCP plan in a dairy factory.

4. Limitation of the Study

The study integrates the microbiological parameters as a quality control (QC) tool of FSMS
(Food Safety Management Systems) (HACCP) concerning good hands-on practice for FES implemented
on-site in a small-scale yogurt pilot plant as educational programs. The model is adapted to a
small-scale yogurt pilot plant, implementing only a simple FSMS (Food Safety Management System)
involving HACCP principles and PRPs. These limitations help define new good practice and thinking
models for teaching and learning FSMS in food-scale yogurt plant production.

5. Conclusions

The implementation of PRPs has a significant impact on the implementation of the HACCP system.
The decision tree application shows that pasteurization, cooling/storage, and distribution processes
are the selected hazard control measures, classified as CCP. The results of microbiological analysis
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of packed yogurt showed that the implementation of HACCP could improve the microbial quality
of yogurt. The implementation of the HACCP plan in a small-scale yogurt pilot plant has brought
benefits to food security. This system allows immediate action to be taken when safety issues are
reported from the receipt of the raw milk to the delivery of the yogurt and the basis of educational
tools for practice and learning the implementation of FSMS.

The results obtained following the implementation of ISO 22000:2018 regarding the processing of
yogurt in a small-scale yogurt pilot plant have implications for the yogurt industry and education
programs. The HACCP approach in DPP and the results obtained can be easily applied in pilot
stations or food industry factories at a food scale-up, assessing the advantages and drawbacks of
implementing FSMS in the food industry. This study’s conclusions underlie future research regarding
the development of FSMS by applying predictive microbiology models and risk-assessment schemes,
being an integrated model of good practice and education tools.
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DPP Dairy pilot plant
CCP Critical control point
CP Control point
PRPs Prerequisite programs
OPRPs Operational prerequisite programs
GMP Good manufacturing practices
SSOP Sanitation standard operating procedure
GMP Good manufacturing practices
GHP Good hygiene practices
HACCP Hazard Analysis Critical Control Points
FSMS Food safety management system
QMS Quality management system
QS Quality system
CFU Colony forming units
SCC Somatic cell count
FES Food engineering students
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Abstract: One of the biggest challenges in managing the food sector during a pandemic crisis
is sustaining a robust food security system and adopting the right strategies in correlating the
consumers’ needs and requirements with those of food safety, the producers, the distribution chain,
the economic environment, and waste management. The restrictions on people’s global movement,
commodities, and services and the measures taken to reduce the spread of COVID-19 have disrupted
food environments around the world and forced us to collectively redesign and optimize our systems
using existing resources from a more sustainable perspective. This paper offers an overview of the
implications of COVID-19 for the food supply chain and discusses several potential strategies for
tackling short- and long-term adverse effects resulting from the pandemic.

Keywords: COVID-19; SARS-CoV-2; pandemic crises; food security; health implications; bioeconomy

1. Introduction

The most recent outbreak of coronavirus disease (identified from a wholesale seafood
and wildlife market from the Wuhan region of China) resulted in a highly transmittable
viral infection with pandemic dimensions. Although the zoonotic source of SARS-CoV-2 is
not yet fully elucidated, genomic analysis suggests bats as the vital reservoir from which
the worldwide spread started [1].

The new coronavirus pandemic has exposed many vulnerabilities across various
domains, far beyond the medical system and its related clinical aspects. Besides the urgency
of designing a medical treatment and developing an effective vaccine, issues related to
patient testing, the safety of and facilities for professional healthcare providers, social
and economic safety, food safety, and even mental/psychological health and domestic
safety require increased attention and the implementation of a range of crisis and postcrisis
management tools [2,3].

The strict lockdowns, social distancing, the halting of all nonessential economic
activities, and all of the protectionist restrictions imposed by authorities to control the
coronavirus outbreaks have caused disruptions in most production and supply chains
around the world [4]. These disruptions are, specifically, the restrictions on people’s global
movement, delays in the supply of raw materials and import–export transactions, price
fluctuations, the lack of workers in agriculture, increased farming costs, and distribution
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deficiencies. Other similar consequences have forced many companies to relocate, restruc-
ture, find alternative sources, and rapidly redesign their production processes, or in some
cases, temporarily or permanently suspend their activities. Hence, in many developing
countries and beyond, COVID-19 has had a severe impact on employment and income,
generating a significant food crisis and insecurity for a growing number of people unable
to afford their basic daily food [5,6]. What the pandemic has highlighted is the necessity
of using resources by adopting the principles of sustainability to mitigate the devastating
effects of the crises [7].

This paper offers an overview of the implications of COVID-19 for the food supply
chain, highlighting global food security issues and the behavior of consumers under the
pressures of a lockdown. It also emphasizes the importance of managing resources by
applying sustainable principles and explains several potential strategies that could be
useful for minimizing short- and long-term pandemic drawbacks (e.g., the bioeconomy
and food bank concepts).

2. A Brief Overview of SARS-CoV-2 Health Implications

In December 2019, the Wuhan region of China faced an alarming number of cases
of pneumonia of unknown etiology. Shortly afterward, it was assumed that a small local
fish and wild animal market was the starting point of the unknown viral infection [8].
Following multiple investigations, a genome sequencing of respiratory tract samples from
the pneumonia patients led to the isolation of a new, novel coronavirus and placed it in the
Betacoronavirus genus (betaCoV), which also includes SARS-CoV and MERS-CoV [9].

Further epidemiological and genomic analysis revealed that 2019-nCoV shares 89%
nucleotide identity with bat SARS-like CoVZXC21 and 82% identity with human SARS-
CoV. Therefore, the International Committee on Taxonomy of Viruses and the World Health
Organization (WHO) decided to name it SARS-CoV-2 [10,11], while the disease caused is
called COVID-19.

Despite rigorous global containment and quarantine restrictions, the incidence of
COVID-19 continues to rise, with 66,422,058 laboratory-confirmed cases and 1,532,418
deaths reported worldwide to date (7 December 2020). Moreover, 9 months after the WHO
declared the new coronavirus a pandemic, the contamination rate is still alarming, with
almost 550,000 new positive tests reported daily globally [12].

Usually, the most common symptoms of COVID-19 are a fever, a dry cough and sore
throat, fatigue, diarrhea, breath shortness, and headaches. However, a large proportion of
COVID-19 patients are exposed to a severe form of the disease with various complications,
which can cause acute respiratory distress syndrome; hypoxia, dyspnea, and neurological
deficiencies; acute heart injury, acute kidney, liver, and gastrointestinal problems; secondary
infection with bacteria; and even death [13–16]. The maximum incubation period is
assumed to be up to 14 days, while the average period between the onset of symptoms
and death can range from 2 to 8 weeks [17]. However, the incidence and incubation period
for mild or severe cases may differ, being closely related to the age of the patient; their
immune response; or other pre-existing comorbidities including diabetes, cardiovascular
disease, cerebrovascular disease, endocrine disease, chronic lung or kidney disease, and
respiratory deficiencies [9,18].

Indeed, the pandemic severity of COVID-19 demands rigorous surveillance and ongo-
ing monitoring to accurately track its evolution, transmissibility, and pathogenicity [19].
Clinical care for a confirmed COVID-19 case prioritizes early recognition, immediate isola-
tion, and the implementation of appropriate measures to prevent the spread of the infection,
followed by the provision of symptomatic care for those with a mild illness and optimized
supportive care for those with severe symptoms. WHO is also monitoring the accelerated
global vaccine development effort; of the 52 vaccine candidates in clinical evaluation, 13
were in phase 3 of clinical trials by the end of November 2020 [20].

To date, the most widely used identification technique is real-time reverse transcrip-
tion polymerase chain reaction (RT-PCR) on a nasopharyngeal swab or sputum samples.
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Serological tests can only be applied to identify antibodies generated by the body’s defense
system, not the virus’s genetic material. It can take anywhere between several days to
several weeks to develop enough antibodies to be detected in a blood test; therefore, the
molecular method remains the safest method to diagnose an active coronavirus infec-
tion [21].

3. Food Security and Insecurity

As a result of the emergence of the coronavirus outbreak, the crisis has exacerbated all
existing discrepancies in the food sector, leading to a significant destabilization of the global
food security system. The food systems comprise a complex of closely correlated stages
meant both to ensure the “farm to fork traceability” and security of the final products in all
processing, distribution, consumption, and waste management activities and to maintain a
connection between all involved parts [22]. Thus, one of the biggest challenges in managing
the food sector during a pandemic crisis is to adopt an effective strategy in correlating
the needs of consumers, food safety, producers, the distribution chain, the economic
environment, and waste management. Even if the amount of food produced today would
theoretically be enough to sustain all of humanity, the socioeconomic differences and the
unequal distribution of resources (in different regions around the world) would generate
discrepancies in living standards. Consequently, in developed countries, food abundance
inevitably leads to a large amount of food waste, while in underdeveloped countries, more
than one billion people have difficulty in purchasing their essential daily commodities [23].

The COVID-19 pandemic has had a significant impact on the food industry not only in
developing countries, where the repercussions are already being felt, but also in developed
countries with relatively stable food sectors, where the repercussions will be felt in the
long term. From an economic point of view, pandemic effects have been intensified by
the loss of more than 200 million jobs. Consequently, according to the prediction of the
United Nations World Food Programme (WFP), the number of people across the planet
facing acute food insecurity stands to rise to 265 million in 2020, almost doubling from the
135 million reported in 2019 [24].

According to the official Food and Agriculture Organization (FAO) definition, "Food
security is a situation that exists when all people, at all times, have physical, social and
economic access to sufficient, safe and nutritious food that meets their dietary needs and
food preferences for an active and healthy life." When people do not have adequate physical,
social, or economic access to food as defined above, the phenomenon of food insecurity
will inevitably occur [25]. Before the coronavirus outbreak, food insecurity was already a
severe problem, mainly due to the increased number of people with limited access to food.
Under the current pandemic, food security has declined significantly [26].

At the community level, food access and availability have been significantly affected,
primarily due to disruption in the transportation, distribution, and delivery chain. At
the individual level, nutritional status, also considered an indicator of food security, has
been perturbed by variations in consumption behavior [27]. Moreover, due to the restric-
tions on people’s movement imposed by the pandemic, reductions in regulatory control
measures and oversight of inspection agencies in the food sector have occurred. As a conse-
quence, food authenticity vulnerabilities have been exposed by creating suitable premises
for food fraudsters to operate, thus increasing the risk of food fraud (e.g., substitution,
misrepresentation, document fraud, waste diversion, illegal processing) [28].

As shown schematically in Figure 1, the consequences of pandemic disruptions have
been severe and have exposed the principal vulnerabilities of the security system.

Looking to the future, increasing investment in agriculture and biotechnology research
would undoubtedly have a significant impact on enhancing and maintaining more stable
food security in the event of future pandemics. Advanced technologies and innovative
approaches need to be adopted globally in each region to optimize regional food production
capability in order to provide not only a safer but also a more sustainable source of food [5].
For example, management systems such as Vulnerability Assessment and Critical Control
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Points (VACCP) plans have already been implemented in several large food chains. Still,
in the actual pandemic context, their inclusion in every supplier’s food safety assurance
program is likely to be accelerated [28].
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4. The Importance of Nutritional Behavior during a Pandemic

Nowadays, different forms of malnutrition affect one in three people globally. This is
concerning because nutritional imbalances and a deficient immune system are, in many
cases, starting points for the generation or aggravation of other diseases.

Both underdeveloped and high-income countries face problems caused by inade-
quate nutrition. These issues are reflected by undernutrition, anorexia, and micronutrient
deficiencies, as well as an overweight population, obesity, and diet-related noncommu-
nicable diseases [29]. Consequently, nutritional deficiencies of high-quality macro- and
micronutrients are strongly associated with a depressed immune function and increased
susceptibility to infection [27,30]. Under the pressure of the pandemic, people have had to
rethink how they procure and select food resources and should have been more aware of
the importance of maintaining a healthy organism. Despite that, panic buying affected diet
quality, as people may have encountered various impediments in purchasing healthy fresh
food [7]. There is clear evidence that the increase in prices for fresh vegetables, fruits, and
rich protein foods (such as meat and fish) has led to a shift towards ready-to-eat snacks,
frozen or processed meat, and canned and other nonperishable foods. From a nutritional
point of view, this can be translated into a higher caloric intake but a lower nutritional
quality [27,31]. Associated with prolonged sedentary time, all of these imbalances can
increase the risk of developing obesity and nutrient imbalance in the long term, as well as
other related complications like diabetes, dyslipidemia, and cardiovascular diseases [32,33].
Recent evidence suggests that patients with different malnourishment deficiencies or who
have specific comorbidities have a high risk of requiring hospitalization in intensive care
units or conditions of mechanical ventilation, presenting a higher rate of mortality from
SARS-CoV-2 syndrome [34].

Figure 2 explains the potential interdependence between the economic and food
crisis generated by the measures applied against the spread of the virus and the fact
that nutritional deficiencies caused by limited access to a balanced diet make the human
organism more exposed to the risk of infection. People suffering from malnutrition are at
a greater risk of developing severe COVID-19 symptoms as a result of associated health
conditions and noncommunicable diseases, which compromise the immune system. As a
consequence, a weakened immune system reduces the chances of recovery and significantly
increases the period of convalescence; therefore, food safety can be considered a vital pawn
in the fight against the new coronavirus from this point of view.
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The response of human cellular immunity mechanisms to the SARS-CoV-2 viral
infection is strongly influenced by host nutrition, mainly by the presence or absence of
specific micronutrients and bioactive molecules [14,35–38]. An indirect approach is to use
different mechanisms that sustain the absorption and bioavailability of bioactive molecules.
In this sense, the most efficient and widely used means are fermentation (fermented foods,
pro- and prebiotics) [39], enzymatic treatments (use of enzyme supplements and foods rich
in enzymes) [40], or micro- and nanoencapsulation (targeted and controlled release and
protection) [41].

In the COVID-19 fight, the viral host resistance of the human body consists of support
from both macro- and micronutrients (but especially from micronutrients), namely vitamins
A, C, D, E, B6, B9, and B12; copper (Cu); magnesium (Mg); selenium (Se); iron (Fe); and zinc
(Zn) [42–46]. The wall that forms the first defensive barrier against the virus is the respira-
tory tract, with its physical and biochemical functions sustained by the presence of vitamin
A and Fe [47,48]. The mechanisms of the micronutrient action are complicated. Concerning
the vitamins and minerals that directly influence the respiratory functions, vitamins A,
C, and D and the mineral Zn can modulate membrane functionality (integrity, fluidity,
communication, and capacity to repair) [48–50]. Dietary selenium supplementation can
increase the antiviral immune responses by, for example, cutting down the pathogenicity of
virus infection in the avian case [51]. Similarly, selenium supplement intake seems to yield
good results in COVID-19-susceptible hosts [15]. Thus, suitable and equilibrate nutrition,
with properly regulated health monitoring, can significantly improve the immune response
to SARS-CoV-2 viral infection.

In addition to the medical health and general safety of the population, psychological
wellbeing and mental safety are subjects that cannot be overlooked [2]. Various psychologi-
cal problems and related consequences, including panic, stress, anxiety, depression, and
uncertainty have emerged progressively during the COVID-19 outbreak [52]. Besides the
fear of contamination and socioeconomic imbalances, anxiety and uncertainty have also
tended to be exacerbated by an inadequate supply of necessary resources (e.g., food, water,
clothing, etc.) and restricted access to some commodities during the quarantine period [53].

5. Bioeconomy Concept Importance in Pandemic

The instability of our global supply chains began to be felt from the early stages of the
pandemic, starting with the acute crisis of medical equipment and immediately extending
to other indispensable areas such as the food industry. Under the global experience of
these pandemic emergencies, there has never been a more proper moment to prioritize and
accelerate the implementation of the principles of a circular economy vision.

Food loss and agroindustrial byproducts represent a continuously growing global
issue, posing a challenge to food safety and security and negatively impacting the economy
and environmental stability. According to FAO, approximately one-third of the world’s
food is inefficiently managed and wasted every year [4]. In the current crisis, the dominant
system of the linear economy model, based on the “take–make–consume–dispose” ap-
proach, has proved to be inefficient in supporting the sustainable management of resources.
Contrary to the principles of the linear economy, the bioeconomy model considers waste as
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a new resource with high potential to be converted into various biomaterials, biofuels, and
other added-value products [54].

While in low-income countries waste occurs mainly during the processing steps of
raw materials, in middle- and high-income countries, waste is generated in the highest
proportion in the distribution and consumption stages. Nevertheless, the impact of the
pandemic has significantly changed consumer behavior and attitudes towards purchasing
and consumption activities, and consumers are also showing increased attention to reduc-
ing food waste [4]. Although the population tended to invest in substantial reserves of
nonperishable food at the beginning of the quarantine, their purchasing power has since
decreased significantly. Therefore, food producers and retailers may face stock imbalances
and losses caused by the degradation of perishable products.

If the residues and byproducts of the food industry were considered to be worthless
until recently, now the attitude has begun to change, with new research directions being
oriented towards their exploitation. Implementing the reintegration concept facilitates
the conversion of agroindustrial waste into high-value products with relevant potential
applications for human consumption and other necessities of daily living [55]. In this
context, the biggest challenge of the scientific world is to develop efficient valorization
strategies with a high degree of industrial feasibility [56]. In prioritizing resource efficiency,
the closed-loop value chains that convert waste and byproducts into resources can lead to
the achievement of a sustainable food system in all its three dimensions: economic, social,
and environmental protection [23,57]. In this context, the management of food byproducts
is encouraged to move from a linear model to a much more complex circular chain. As
illustrated in Figure 3, reintegrated into a circular economy system, residues and agrifood
byproducts can generate a series of products with applicability in the food, cosmetics,
pharmaceutical, agriculture, or fuel industries.
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The most complicated decision in reintegrating waste into a biorefinery model is to
establish the usefulness and new destination of the novel products. In this sense, the
greatest challenge for researchers is to develop and optimize extraction and conversion
protocols with a degree of feasibility to ensure their sustainability when implemented at
the industrial level [58,59].

The bioeconomy approach could have a significant impact not only on sustaining
the resource demands of a post-COVID world but also on the long-term challenges of
climate change, population growth, environmental degradation, and food security [5]. The
implementation of the concept can also be seen as a perspective to promote a business
model that could generate new employment opportunities [60].
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6. Food Banks Concept

Considering the concept of the bioeconomy, the principles of which focus on reuse,
redesign, waste minimization, and recycling, the opportunity to leverage the benefits of the
immediate community instead of global supply chains seems to be a sustainable approach
that deserves to be investigated [61]. A well-developed and stable local distribution chain,
once integrated with the principles of the bioeconomy, could temporarily support the
problems of the community in different crises through charitable actions. As a result,
various volunteer-based associations have begun to emerge, collecting surplus resources
and redistributing them where needed [62].

Food banks are a typical community-based response to household food insecurity [63].
The concept of the food bank began to materialize in 1960 in the United States. Its purpose,
namely to redirect surplus products to social categories with vulnerabilities in procuring
the basic food for their needs, was established from the beginning [64]. Over time, this
concept was extended, addressing all segments of the food-insecure population. In Europe,
the idea was first initiated in 1984 in France, and in 1986 the European Federation of
Food Banks (FEBA) began the process of implementing the concept and developing a
network of food banks across the continent. However, in many countries, the concept was
expanded significantly only in 2010, when the repercussions of the global economic crisis
affected a large part of the population. For example, the Food Waste Romania Organization
reported that approximately one-third of all food products are wasted annually. This
amount corresponds to about 2.55 million tons of food, while 5 million Romanians live at
the poverty line and 66% of rural families cannot afford basic daily food. Thus, in 2016,
Romania became a member of FEBA and began the development of a network of food
banks that currently operates in five of its main cities [65].

Through food banks, edible and nonfood food products are collected from economic
agents that for various reasons have lost their economic market value and are redirected to
various nongovernmental organizations that provide support to disadvantaged people.
This process is supported through the involvement and support of volunteers, economic
agents and retailers, supermarkets, food manufacturers and processors, and any other
companies and individuals who are willing to support the disadvantaged social class and
reduce food waste [66,67].

Figure 4 shows a simplified diagram of the food bank concept and the main entities
involved in the process.
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In the context of a pandemic crisis, the segment of the population that needs the
facilities of a food bank is gradually expanding, with the emergence of financial problems
generated mainly by the temporary suspension or loss of many jobs. Without the bank
collection point, the redirection of surplus food to its beneficiaries is not safe in terms of
traceability and food safety. Therefore, the distribution of products is not conducted directly
from supermarkets to individuals, but only through eligible partner organizations [68].
Thus, the food bank is not just a simple collection point, as its responsibilities are much more
complex and its rules of operation are based on the principles of transparency and food
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safety. Throughout this process, principles such as social equity, product nutritional quality,
safe and hygienic storage and transport, and environmental protection are mandatory to
consider.

In Europe, over the last 9 months, the COVID-19 crisis has caused not only chaos in the
medical system but also a new food emergency. According to a report of a survey conducted
amongst European Food Banks, the demand for food has increased by up to 50% compared
to the precoronavirus period, and lockdown consequences continue to increase the number
of people experiencing difficulties. Although collection and distribution activities are
hampered by the limitations caused by the pandemic such as a reduction in the number of
volunteers and donors involved, transportation difficulties, or economic difficulties, food
banks have managed to adapt to the new conditions and continue to support the affected
social categories [69].

7. Conclusions and Future Trends

The COVID-19 pandemic has exposed the weaknesses and amplified the instability
in medical, social, and economic systems. Confronting the effects and chaos generated
by the pandemic crisis has forced us to not only urgently identify an effective treatment
scheme and a vaccine to immunize the population, but also streamline and implement a
series of sustainable strategies to rebalance all affected sectors. In this sense, in addition
to the medical and research fields, the food sector must be considered an essential pillar
of survival that must be prioritized for the implementation of effective support strategies.
As the COVID-19 pandemic persists, considerable attention has been focused on the
stability of food supply chains and their impact on global food security. Understanding
of the various safety implications of the current pandemic has raised awareness among
consumers, scientists, and authorities that similar (or even more severe) crises may occur
and that proper management is crucial for minimizing their negative effects.
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Determination of Volatile Markers from Magnum Hops in Beer 
by In-Tube Extraction—Gas Chromatography—Mass 
Spectrometry 
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ABSTRACT 
A chromatographic method was developed for the identification of 
volatile markers from Magnum hops in two types of beer. The study 
was initially performed with Magnum hop pellets and hop essential oil 
and subsequently with traditional and flavored beer during the 
primary fermentation. The volatile compounds were isolated employ-
ing the in-tube extraction (ITEX) technique followed by identification 
and quantification through gas-chromatography—mass spectrometry 
(GC-MS) operating in scan mode. The main authentication markers 
identified in traditional beer were from aromatic compounds, 
aldehydes and alcohol esters. The most predominant authentication 
marker compounds in beer flavored with Magnum hop essential oil 
were obtained from terpenoids, followed by acid esters, alcohol esters 
and alcohol classes. A unique feature of this study was represented by 
the discriminant markers for the authentication of Magnum hop 
variety, identified in hop pellets, hop essential oil and flavored beer. 
The application of this methodology can be used for optimization of 
brewing technology and process parameters in view of prolonging 
fruity hop flavor stability of Romanian beers. 
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Introduction 

Hops (Humulus lupulus L.), are one of the basic raw materials used for beer production to 
impart bitterness and aroma (Sakamoto and Konings 2003; Salanţă et al. 2016). The female 
hop cones contain glandular structures, such as as lupulin glands, that are rich in secondary 
metabolites (Faragó, Psenáková, and Faragová 2009; Muthaiyan, Limayem, and Ricke 
2011). The metabolites of hop compounds, classified as bitter acids (resinous), volatile 
oil, and polyphenols are responsible for the existence of three elements in beer: bitterness, 
hop flavor and hop aroma (Štěrba et al. 2015). Depending on the variety, hops contribute 
to beer flavor (Heras and Gonzalez-Sanjose 2003). Hop essential oils also play an important 
role in brewing, while the volatile oil of hops comprises terpenoids, such as myrcene 
(30–50%), humulene (15–25%), caryophyllene and farnesene, which together account for 
more than 90% of the total hop oil (King and Dickinson 2003; Tofană 2006, Hofmann 
et al. 2013). The oxygen fraction of hop essential oils represents a mixture of alcohols, 
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esters, aldehydes, epoxides, ketones and acids. These compounds are very important in 
relation with the flavor of beer due to their higher solubility in aqueous solutions. (De 
Schutter et al. 2008; Štěrba et al. 2015). 

The compounds identified in hop oil are not all the same as those in hopped beer, as the 
boiling and fermentation processes affect hop characteristics. During the brewing process, 
hop compound losses can occur due to the adsorption of iso-α acids on the solid material 
or yeast cells and also by oxidative transformations (Cleemput et al. 2009). 

The majority of hop flavor compounds are largely evaporated during the boiling 
process. Brewery production involves the use of various traditional practices of 
aromatisation as kettle hopping, late hopping associated to lager-style products or dry 
hopping, associated to some ales (Bamforth 2003; Vanderhaegen et al. 2003; De Cooman 
et al. 2004). Off-flavors in beer can be produced by lipid oxidation reactions which generate 
linear aldehydes, such as pentanal and hexanal (Vanderhaegen et al. 2004; Hong et al. 
2015). 

The predominant classes of volatile compounds in beer are higher alcohols, esters, 
aldehydes, ketones and organic acids (Branyik et al. 2008). Esters represent the flavor 
compounds which contribute to the fruity-flowery aroma of beers. Esters can be classified 
into three groups: acetic esters (acetate esters—fruity aroma), ethyl esters (medium-chain 
fatty acid esters—apple aroma) and furanic esters (harsh solvent aroma). (Vanderhaegen 
et al. 2003; Rossi et al. 2014). 

The hops aroma in beer can be described as follows: citrus flavors which are attributed 
to esters and linalool; green flavors attributed to aldehydes; floral and fruity flavors 
attributed to geraniol, citronellol, linalool, ketones, epoxides and esters (Schönberger 
and Kostelecky 2011) Linalool and sesquiterpenoids hop compounds represent analytical 
markers for hoppy aroma in beer. Their levels depend on the hopping technology and 
in terms of advanced hopping, on the nature of the hop oil fraction (Steinhaus, Fritsch 
and Schieberle 2003). 

A relatively new dynamic headspace sampling technique is in-tube extraction (Laaks 
et al. 2010). This technique requires minimal sample preparation, allowing simple and 
rapid enrichment of volatile or semi-volatile compounds during headspace extraction 
(Socaci et al. 2013; Sandra, David, and Vanhoenacker 2008) and may be coupled with 
gas chromatography—mass spectrometry for the separation and identification of 
compounds. 

To characterize the Magnum hop variety volatile profile in beer, a method employing 
in-tube extraction and gas chromatography–mass spectrometry (ITEX-GC-MS) was opti-
mized in previous work (Michiu et al. 2012). The optimized ITEX-GC-MS method was 
suitable for the characterization of hop volatile markers in two types of beer, especially 
for the discriminant markers of the Magnum variety. 

The main objective of this study was to employ in-tube extraction with gas 
chromatography—mass spectrometry to fingerprint the volatile profile of beer, hopped 
with Magnum hop variety, from Romania, by identifying and comparing volatile markers 
in traditional and flavored beer fermentations. Using beer wort flavoring and the optimized 
ITEX/GC-MS method, the authentication markers from Magnum hop variety were ident-
ified in both types of beers, with a higher concentration in flavored beer, until the end of 
the primary fermentation process. These findings represents a characteristic flavor profile 
of Romanian Magnum hop variety which contributes to the fruity-flowery aroma of beers. 
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Materials and methods 

Hop pellets, hop essential oil and beer wort 

This study was performed on Magnum hop pellets, hop essential oil and beer hopped with 
Magnum hop variety, cultivated in the pedo-climatic areas of Sighisoara, Transylvania, 
Romania. For the flavoring process of beer wort, hop essential oil was isolated by 
hydrodistillation, using a Clevenger type apparatus, 50 g of T90 pellets (ground in a coffee 
mill) were weighed into a distillation flask and 700 ml distilled water were added. The 
distillation time was 3 h. The yield was calculated as ml of essential oil per 100 g dry plant 
material (MG-Peo). 

Laboratory-scale production of traditional and flavored beer 

Wort was produced from a 100% pilsner malt prepared on laboratory scale (2 L) as 
described in a previous study (Michiu et al. 2012). Mashing was performed as follows: 
45°C (10 min), 50°C (20 min), 63°C (60 min), 72°C (20 min) and finally an increase to 
78°C (1 min). After filtration, wort was boiled for 60 minutes with Magnum hop addition 
(α-acids: 12.9% (w/w). Hops were added in 1.45 g pellet proportion after 5 minutes of 
boiling and in 0.36 g pellets proportion after 55 minutes of boiling, aiming at a final beer 
bitterness of 10 g α-acids/hL. The wort (12 P) was divided in two fermentation flasks and 
cooled to 16°C. Both worts were fermented for 5 days with Saccharomyces cerevisiae W34/ 
70 brewer’s yeast, 106 viable cells/mL wort concentration, resulting in beer 1: traditional 
(unflavored) and beer 2, respectively. They were flavored through Magnum hop essential 
oil addition at the beginning of the primary fermentation process using a method described 
by Opstaele et al. (2010) with some modifications. Specifically, a higher concentration of 
hop essential oil was used at 0.9 mg/L. 

Instrumentation 

The separation and identification of volatile compounds was carried on a Shimadzu GC- 
MS QP-2010 (Shimadzu Scientific Instruments, Kyoto, Japan) model gas chromatograph– 
mass spectrometer equipped with a CombiPAL AOC-5000 autosampler (CTC Analytics, 
Zwingen, Switzerland). A Zebrone ZB-5 ms capillary column of 50 m � 0.32 mm i.d. 
and 0.25 µm film thickness, Phenomenex, USA, was used for the separation. 

Samples and sample preparation 

Three samples of boiled wort were collected, W1-after 5 min of boiling immediately before 
hops were added, W2-after 20 minutes of boiling with 80% hop addition and W3-after 
60 min of boiling immediately before cooling. Wort samples were cooled down with ice 
water and subsequently frozen at −25°C. The trub was removed by filtration after defrost-
ing, to remove all possible precipitates before preparing the wort samples for injections. 

For the identification of hop authentication markers during the primary fermentation 
process, five samples of both traditional and flavored beer were collected, one sample daily, 
after 24, 48, 72, 96, and 120 h. 

ITEX/GC-MS analysis was performed in triplicate depending on the sample type. The 
following weight or volumes were placed into 20 mL glass vials.: for Magnum hop pellets, 
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0.15 g, Magnum hop essential oil, 500 µL, and boiled wort and beer (unflavored and 
flavored), 5 mL. 

GC-MS analysis 

The extraction of volatiles from hop pellets, hop essential oil, wort and beer was performed 
using the ITEX technique. GC-MS was used to separate and identify the volatile compounds. 

Magnum hop pellets and essential oil were analyzed according to the following 
parameters: injector temperature 250°C; pressure 93,1 kPa; column flow 2,42 ml/min; 
linear velocity 44,0 cm/s; split ratio 1:200. Carrier gas helium; detector: MS, ion source tem-
perature 250°C; interface temperature 250°C; MS mode: electron ionization; mass range: 
50–400 m/z, scan speed: 2000 µ/s (Tofană et al. 2009; Salanţă et al. 2012). The program 
for column oven temperature was: 60°C (3 min) with 3°C/min to 150°C (10 min). Sample 
conditioning was performed at 60°C for 20 min. The number of extraction strokes was 
30 � 500 µL; This method was used to highlight the major volatile compounds of 
Magnum hop pellets and essential oil that are representative for beer production and that 
could represent some authentication markers during the main fermentation of beer. 

The analysis of boiled wort and beer during primary fermentation was based on the 
mMB1 method described in a previous study (Michiu et al. 2012) with some modifications 
(start time 5.5/ split ratio 100). 

The parameters for mMB1 method were: injector temperature 250°C; pressure 51.7 kPa; 
column flow 1.7 ml/min; linear velocity 36.4 cm/s; split ratio 1:25 (traditional beer); 1:100 
(flavored beer); carrier gas helium; detector: MS, ion source temperature 250°C; interface 
temperature 250°C; MS mode: electron ionization; mass range: 40–400 m/z; scan speed: 
2000 µ/s. The program for column oven temperature was: 35°C (2 min), 10°C/min to 
70°C, 4°C/min to 200°C and 20°C/min to 270°C (2 min). Sample conditioning was 
performed at 80°C for 15 min. The number of extraction strokes was 30 � 500 µL. 

The identification of volatile compounds was performed by comparing the obtained 
mass spectra with NIST27 and NIST147 library information and verified by comparison 
with retention indices obtained at www.pherobase.com or www.flavornet.org for columns 
with a similar stationary phase to the ZB-5 ms column (Tofană et al. 2009). 

Results and discussion 

Volatile profile of hop pellets and hop essential oil 

Forty-one volatile compounds were identified from Magnum hop pellets and forty nine 
compounds from hop essential oil. The most quantitatively predominant compounds in 
Magnum hop pellets and essential oil were: β–Myrcene; Propanoic acid,2-methyl,2- 
methylbutyl ester; β-Caryophyllene; 2-Pentanol,propanoate; Propanoic acid,2-methyl,2- 
methylpropyl ester; Propanoic acid,2-methyl,3-methylbuthyl ester; β-pinene; D-Limonene 
and α-Caryophyllene. 

The compounds separated and identified from hop pellets and essential oil are listed in 
Table 1 and expressed as percentages of total peak area. 

Analytical marker compounds in traditional (unflavored) beer 

According to Malfliet et al. (2008) and Hanke et al. (2010) the the hoppy aroma in beer can 
be mainly ascribed to the chemical and biological conversions of hop oil compounds that 
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Table 1. Concentrations (peak area percent) of the volatile compounds from Magnum hop pellets and 
essential oil. (* discriminant markers for the authentication of the Magnum hop variety). 

Analyte 
Retention  
time (min) 

Peak area percent 

Magnum  
hop pellets 

Magnum  
essential oil  

2-Hexenal, (E)-  4.971 –  0.29 
Propanoic acid, 2-methyl-, butyl ester  4.998  0.13 – 
Propanoic acid, 2-methylpropyl ester  5.287  0.93  0.48 
1-Butanol, 3-methyl-, formate  5.571  0.57  0.30 
Hexanal, 4-methyl- 4-Methylhexanal  6.213 –  0.08 
Propanoic acid, 2-methyl-, 2-methylpropyl ester  6.612  5.71  3.06 
Hexanoic acid, methyl ester  6.920  0.79  0.42 
1,3,6-Octatriene, 3,7-dimethyl-, (E)-  7.045  0.63 – 
alpha- Pinene  7.317  2.48  0.86 
Thiopivalic acid-Propanethioic acid, 2,2-dimethyl  7.532  0.48  0.25 
Propanoic acid, 2-methyl-, butyl ester  7.909  0.41  0.25 
2-Pentanol, propanoate  8.614  5.81  5.36 
beta-Pinene  8.906  5.25  4.49 
beta-Myrcene  9.043  42.58  18.24 
Butanoic acid, 2-methyl-, 2-methylpropyl ester  9.854  0.17  0.05 
Butanoic acid, 3-methyl-, 2-methylpropyl ester  10.031  0.55 – 
Butanoic acid, 2-methylbutyl ester-2-Methylbutyl butyrate  10.157  0.08 – 
Propanoic acid, 2-methyl-, 3-methylbutyl ester  10.266  5.67  4.97 
*Propanoic acid, 2-methyl-, 2-methylbutyl ester  10.400  8.36  6.60 
Heptanoic acid, methyl ester  10.731  1.63  1.64 
D-Limonene  10.994  2.09  1.10 
1,4-Cyclohexadiene, 1-methyl-4-(1-methylethyl)  11.010 –  0.71 
beta-Phellandrene  11.057  1.42 – 
1,3,6-Octatriene, 3,7-dimethyl-, (E)-  11.280  0.03  0.09 
1,3,6-Octatriene, 3,7-dimethyl-, (Z)-  11.738  0.97  0.56 
Propanoic acid, 2-methyl-, pentyl ester  11.825 –  0.04 
Butanoic acid, pentyl ester-Butyric acid, pentyl ester  11.890  0.05 – 
Methyl 6-methyl heptanoate  13.564  0.30  0.52 
3-Carene  13.979 –  1.64 
1,6-Octadien-3-ol, 3,7-dimethyl-, 2-aminobenzoate  14.030  0.10  0.53 
2,6-Octadien-1-ol, 3,7-dimethyl-, (Z)-  14.170  0.28 – 
Butanoic acid, 2-methyl-, 2-methylbutyl ester  14.341  0.17 – 
Pentanoic acid, 2-methylbutyl ester  14.411 –  0.91 
n-Amyl isovalerate  14.596  0.41 – 
Octanoic acid, methyl ester  15.310  0.24  0.83 
*Propanoic acid, 2-methyl-, hexyl ester  16.457  0.04  0.20 
Propanoic acid, heptyl ester  19.039 –  0.21 
3-Nonenoic acid, methyl ester  19.355 –  0.15 
Nonanoic acid, methyl ester  19.983 –  0.68 
Propanoic acid, 2-methyl-, heptyl ester  21.059 –  0.42 
beta-Pinene  21.253 –  0.28 
2-Undecanone  21.557 –  1.15 
Decanoic acid, methyl ester  23.022 –  0.13 
Propanoic acid, octyl ester  23.755 –  0.28 
4-Decenoic acid, methyl ester  24.034  0.41  3.47 
2,6-Octadienoic acid, 3,7-dimethyl-, methyl ester  24.637  0.04  0.77 
Decanoic acid, methyl ester-Capric acid methyl ester  24.728 –  0.51 
Propanoic acid, 2-methyl-, octyl ester  25.692 –  0.58 
Ylangene  26.760 –  0.27 
Copaene  27.106  0.14  0.84 
2-Dodecanone  27.927 –  0.14 
Caryophyllene  29.067  5.82  17.56 
1,6-Cyclodecadiene, 1-methyl-5-methylene-8  29.529  0.13 – 
alpha-Caryophyllene  30.645  0.73  2.71 
Naphthalene, 1,2,3,4,4a,5,6,8a-octahydro-7-methyl-4- 

methylene-1-(1-methylethyl)-, (1.alpha.,4a.alpha.,8a.alpha.)-  
31.437 –  1.31 

Naphthalene, 1,2,3,4,4a,5,6,8a-octahydro-7-methyl-4- 
methylene-1-(1-methylethyl)-, (1.alpha.,4a.alpha.,8a.alpha.)-  

31.509  0.57  0.55   

(Continued) 
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can undergo along the brewing process. Previous studies have shown that the most 
abundant terpene hydrocarbons in hop essential oil that include monoterpene: β-Myrcene, 
sesquiterpenes: α-Humulene and β-Caryophyllene, are almost completely removed during 
the beer wort fermentation by adsorption due the hydrophobic yeast cells and migration to 
the foam layer (Praet et al. 2012). 

Eighty-seven volatile compounds were identified from the traditional beer samples. The 
most important are listed in Table 2. Fifteen volatile compounds were selected as process 
marker compounds, while the monitoring of these compounds was based on their initial 
presence in boiled wort and their subsequent losses during the primary fermentation pro-
cess. Kleinová, Geršl, and Mareček (2015) have shown that the content of hop volatiles in 
the beer wort is not proportional to their production during wort boiling and fermentation 
and that hop compounds can be removed by resulting carbon dioxide. 

The identified process marker compounds from Magnum hops decreased greatly and 
disappeared during the primary fermentation process (e.g., β-Myrcene; α-Caryophillene; 
Propanoic acic 2-methyl,3-methylbuthyl ester; Propanoic acic 2-methyl,2-methylpropyl 
ester). 

As authentication markers of the wort boiling and beer fermentation processes, 5 
volatile compounds were identified from boiled wort to beer samples after five days of 
fermentation, as follows: Benzaldehyde; Propanoic acid 2-methyl,2 methylbuthyl ester 
(hop marker); Nonanal; Cyclohexanol,5-methyl; and 2,5 Cyclohexadiene 1,4 dione,2,5 
diphenyl (Figure 1). 

Volatile profile of flavored beer 

According to the literature, hop oil is rich in sesquiterpene hydrocarbons which give the 
earthy, herbal, woody, or spicy aromas while the monoterpenoids are more fruity or citrusy 
(Marcelina and Setzer 2011). It has also been reported that hops are also rich in esters, 
especially the group of fatty acid methyl esters with linear chains that seem to provide 
additional floral and fruity characteristics (Salanţă et al. 2012). 

Seventy nine volatile compounds were identified from the flavored beer samples. 
Eighteen volatile compounds were identificed as authentication markers: 1-Butanol 
3-methyl; 1-Hexanol; Propanoic acid 2-methyl 2-methylpropyl ester; 2-Pentanol 
propanoate; β-Mircene; Butanoic acid,3-methyl,2-methylpropyl ester; Propanoic acid 
2-methyl,3-methylbuthyl ester; Propanoic acid 2-methyl,2-methylbuthyl ester; Hexanoic 
acid 4-methylene; D-limonene; 2-Nonanone heptyl methyl ketone; Linalyl isobutyrate; 

Table 1. Continued. 

Analyte 
Retention  
time (min) 

Peak area percent 

Magnum  
hop pellets 

Magnum  
essential oil 

Eudesma-4(14),11-diene-7-Isopropenyl-4a-methyl-1- 
methylenedecahydronaphthalene  

32.026 –  0.52 

Naphthalene, 1,2,3,4,4a,5,6,8a-octahydro-4a,8-dimethyl-2- 
(1-methylethenyl)-, [2R-(2.alpha.,4a.alpha.,8a.beta.)]  

32.094  0.11 – 

Naphthalene, 1,2,4a,5,6,8a-hexahydro-4,7-dimethyl-1- 
(1-methylethyl)-, (1.alpha.,4a.alpha.,8a.alpha.)  

32.524  0.10  0.43 

3,6-Dodecadienoic acid, methyl ester  32.805 –  0.14   
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n-Amylisovalerate; 2-Decanone; 4-Decenoic acid,methyl ester; Caryophyllene; 
α-Caryophyllene; and 2,5-Cyclohexadiene-1,4-dione,2,5-diphenyl. These compounds were 
identified based both on their initial presence in Magnum hop variety and their resulting 
presence from boiled wort to beer samples (Table 3). Some of these compounds were 
identified as process marker compounds in traditional (unflavored) beer, for example: 
β-Myrcene; D-Limonene; Propanoic acid-2methyl-2methylpropyl ester; Propanoic acid-2 
methyl-2 methylbuthyl ester; Propanoic acid-2 methyl-3 methylbuthyl ester and Propanoic 
acid-2 methyl hexyl ester. These compounds and their evolution in flavored beer are shown 
in Figure 2. 

Conclusion 

The content of Magnum hop volatile markers was determined in relation to beer pro-
duction, traditional and flavored beer. In traditional beer, the content of hop volatile 

Figure 1. ITEX/GC-MS chromatograms of traditional beer during the primary fermentation: TB1 (24 h), 
TB2 (48 h), TB3 (72 h), TB4 (96 h), and TB5 (120 h).  

Figure 2. ITEX/GC-MS chromatograms of flavored beer during the primary fermentation: FB1 (24 h), 
FB2 (48 h), FB3 (72 h), FB4 (96 h), and FB5 (120 h).  
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markers gradually decreased during the main fermentation process below the threshold 
values of sensory perception. The reason may be the removal of the hop compounds by 
resulting carbon dioxide. Wort aromatization increases the percentage of hop markers: 
β-Myrcene; D-Limonene; Propanoic acid-2methyl-2methylpropyl ester; Propanoic acid-2 
methyl-2 methylbuthyl ester; Propanoic acid-2 methyl-3 methylbuthyl ester and Propanoic 
acid-2 methyl hexyl ester. 

A significant finding of this study was represented among discriminant markers for 
authentication of Magnum hop variety: Propanoic acid 2 methyl hexyl ester (Hexyl 
isobutyrate) identified in hop pellets, essential oil and subsequently in flavored beer and 
Propanoic acid 2 methyl-2methylbuthyl ester, the only authentication marker in both tra-
ditional and flavored beer. These compounds provide a characteristic floral and fruity odor 
of Magnum hop variety in beer. The results show that in traditional beer, the hop flavor 
profile can be improved using the hop essential oil flavoring at the beginning of the 
primary fermentation process and that the ITEX-GC/MS method is suitable for the deter-
mination of volatile marker compounds from hop in flavored beer. A total of 79 volatile 
and 18 authentication marker compounds were separated and identified during the main 
fermentation process. 

This methodology will be applied for the evaluation of the quality of Romanian hop 
varieties and for optimisation of brewing technology and process parameters in view of 
prolonging fruity hop flavor stability of Romanian beers. 
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Abstract
Although the scalded cheeses are not an ideal substrate for microorganisms, these are a suitable habitat for 

starter cultures and indigenous microbiota, the latter being able to survive during processing. The aim of this study 
was to highlight the qualitative and hygienic aspects of kashkavals as a finished products. The microbiological assays 
aimed the evaluation of sanitary-hygienic quality in kashkaval cheeses obtained during one year, by the following 
indicators:  determination of coliform bacteria, E. coli, monitoring of pathogenic microorganisms: Stafylococcus 
aureus coagulase-positive and total number of micromycetes. Sixty samples from five units which process the 
milk into scalded cheeses, were collected.  10% from the analyzed cheese samples, had values of coliform counts 
between 102-103 cfu/g, while the remaining samples had values   less than 102 cfu/g. 8.3% of cheese samples had 
values   of  E. coli ranging from 11 to 100 cfu/g and the remaining samples had lower values  . No sample registered 
over 1,000 cfu/g, which is the upper marginal limit for coagulase-positive staphylococci in cheeses, according to 
the Reg. EC 1881/2006. 18.3% of cheese samples had values   of total number of micromycetes over 1000 cfu/g, 
while the remaining samples were below 1000 cfu/ g.

Keywords: coliform bacteria, micromycetes, scaled cheese

Introduction
The main feature of the technological process 

of Kashkaval cheese is to obtain the curd, which, 
after ripening and cutting (into slices of 3-5 mm 
thickness and 3-6 cm width), is scalded at 74-80° 
C (Costin et al., 2003).

Cheese making is a major industry worldwide, 
and a large part of it is still practiced on a relatively 
small scale, which accounts for the rich diversity 
of available cheeses (Fox et al., 2004).

Bărzoi and Apostu (2002), showed that 
cheeses have a very microbiologically complex 
system. Considering this, the assessment of their 

general microbiological quality is very difficult, 
sometimes impossible to perform, due to the 
intervention of microflora used in their production.

Coliform bacteria is a sanitary microbiological 
indicator with a special meaning. Coliform 
bacteria constitutes a dangerous group among 
microorganisms, that infect cheeses through 
various sources (Giammanco et al., 2011).

The occurrence of psychrotrophic bacteria 
in cheeses causes defects like lipolysis, which 
may lead to excessive accumulation of free fatty 
acids and rancid aromas in brined cheese. This 
is the frequent result of milk contamination 
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with psychotrophic bacteria that produces 
heat-resistant  lipolytic enzymes. (Bintsis and 
Papademas, 2002).

Yeast and molds can appear on the cheeses 
during the manufacturing process, from the air, 
machinery, installations, containers, packings, or 
during storage and packaging. According to the 
Ministry’s Order (M.S.) from 1998, the maximum 
limit for cheeses is 1000 yeasts and molds/g of 
product. The new Regulation EC 1881/2006, does 
not provide any informations for this indicator. In 
this study, we analised the microbiological quality 
and sanitary status of Kashkaval cheese during 
a year of production, the main purpose being to 
determine the number of coliform bacteria and E. 
coli, coagulase-positive staphylococci and the total 
number of micromycetes. (Prates et al., 2017). 

Materials	and	Methods
Sampling 
In this study, the manufacturing process of 

curd involved the following steps: cow’s milk 
reception, cleaning and standardization of milk, 
milk pasteurization (62-65°C for 20-30 minutes) 
and cooling (35-38°C), preparation for coagulation 
which consisted in adding calcium chloride (10 - 
20 g/100 liters of milk, increasing the coagulation 
ability of the milk ) and selected cultures of 
lactic bacteria (Lactococcus lactis subsp. lactis, 
Streptococcus thermophilus and Lactobacillus 
casei). The coagulation of milk was achieved at 32-
35°C, for 30–40 minutes. Processing of curd was 
then made and the resulting curd was ripened at 
18-26°C for 6-10 hours until a pH between 4.8-
5.0. The ripened curd was cut into slices having 
a thickness between  0.3 - 0.5 cm and width of  
3-6 cm and was scalded at 72-74°C for 50–60 s 
in brine with 10–12% salt. The scalded pasta was 
then ripened. Storage was done at 4-6°C and φ = 
85–90%. (Costin  et al., 2003). 

Sixty samples of kashkaval (semi-hard texture) 
from five units were analysed, fifteen samples 
per season. For the microbiological analysis, all 
samples were transported under refrigerated 
conditions and were stored in a refrigerator at 
2-4ºC and analyzed within 24 hours.

Microbiological analysis
Total coliform counts was performed 

according to the  SR ISO 4831/2009 standard.

Starting with the number of positive test 
tubes, the most probable number of coliform 
bacteria (NCP) per ml (g) sample was calculated.

In order to establish the number of E. coli, 
according to SR ISO 16649-2 / 2007, the most 
probable number technique was used. 

SR EN ISO 6888-1-2/A1/2005 standard 
establishes the horizontal method for counting 
colonies of coagulase-positive staphylococci on 
Baird-Parker medium after aerobic incubation 
(35-37°C), from products intended for human or 
animal consumption. (Rotar et al., 2015).

The coagulase-positive staphylococci counts 
per ml or g of sample was made from the number 
of typical and/or atypical colonies obtained on the 
selective medium and subsequently confirmed 
by coagulase-positive assay. Yeasts and molds are 
microorganisms which at 25°C form colonies on 
selective medium. SR ISO 7954/2001 standard 
provides the counting of yeasts and molds 
according to the counting technique at 25° C. The 
result was expressed as a number between 1.0 and 
9.9 multiplied by 10X, where x is the power of 10.

Statistical analysis
The data were analyzed by Two-way ANOVA 

test, to compare the microbial levels between 
different time points.

Results	and	discussions	
The statistical analysis of microorganisms 

in kashkaval samples is presented in table 1. 
Statistically, in relation to the total number of 
samples, the average ( X  ± Xs ) of coliform bacteria 
was log. 1.153 ± 0.09592 with values between 0.0 
and 460.0 cfu/g. The average of  E.coli was log 
0.2172 ± 0.06007 for values ranging from 0 to 30.0 
cfu/g while  for coagulase-positive staphylococci 
was recorded 0.3723 ± 0.06958. The values 
were between 0.0 and 130.0 cfu/g. Regarding 
micromycetes, the average was log. 2.349 ± 0.1042 
for 0.0 and 2.1 x 104 cfu/g. 

Coliform bacteria 
In this study, a seasonal analysis of coliform 

bacteria /g in cheese was performed. In the 
autumn, 73.3% of samples had coliform counts 
between  0-10 cfu/g and 26.7% between 11-102 
cfu/g while in the winter, 80% with a mean value 
of  0-10 cfu/g and 20%  ranging from 11 to 102 
cfu/g.
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In the spring, 40% of samples registered 0-10 
cfu/g and 60%, 11-102 cfu/g coliforms counts, in 
relation to the summer, where, 6.7% of samples 
were in the range of 0-10 cfu/g, 53.3% between 
11-102 cfu/g and 40% of samples with coliform 
counts ranging from  102 to 103 cfu/g.

Detection of coliform bacteria is not a 
compulsory test, but their presence in cheeses 
involves inadequate pasteurization of raw milk, 
poor hygiene conditions and a lower activity 
of lactic microflora in manufacturing. The total 
coliform count is considered a good predictor 
of hygienic and sanitary practices during food 
production (Costello et al. 2014).

Wolfe et al. (2014) reported that cheese 
product characteristics, including moisture 
content, pH, salt content, ripening conditions, age 
of product, and culture, all influence potential levels 
and roles for coliforms and other microorganisms 
in the final product.

Even though coliforms are considered 
thermolabile and do not survive pasteurization, 
Trmčić et al. (2016), found that 21% of pasteurized 
milk cheeses tested positive for coliforms (>10 
cfu/g).

Sources of coliforms in cheese products can 
vary depending on the product. Due to the nature 
of raw milk cheeses, the presence of coliforms is 
not unexpected as coliforms are common in raw 
milk. However, in pasteurized cheese products, 
coliforms present in raw milk should have been 
eliminated by pasteurization, implying that any 
coliforms present in the finished product resulted 
from post-processing contamination (Martin et al. 
2016).

Escherichia coli
Seasonal analysis of E. coli counts/g in 

kashkaval showed the following results: in the 
autumn, 93.3% of samples had values in the range 
of  0-5 cfu/g, and 6.7% had values between 6-10 
cfu/g, while in the winter, 100% of samples had 
values in the range of 0-5 cfu/g. In  spring, 100% 
of samples registered E. coli counts between 0-5 
cfu/g  in relation with the summer, where 46.7%  
ranged between 0-5 cfu/g,  20% ranged between  
6-10 cfu/g and  33.3% between 11-102 cfu/g.

Pasteurization of milk destroys pathogenic 
bacteria, but L. monocytogenes and E. coli O157: H17 
can survive and contaminate the finished product. 
Survival depends on many factors: initial level of 

Table	1.	The statistical analysis of  microorganisms in pressed kashkaval Dalia 
during production season

Season Samples
Minimum 

value, 
ppm

Maximum 
value, 
ppm

Log. of 
Mean, X

Log. of Standard 
error of the mean,

Xs

Coliform 
bacteria

Winter 15 0.00 50.00 0.586 0.148
Spring 15 0.00 100.00 1.140 0.144

Summer 15 8.00 460.00 1.989 0.126
Autumn 15 0.00 70.00 0.897 0.137

E.coli

Winter 15 0.00 0.00 0.0 -
Spring 15 0.00 0.00 0.0 -

Summer 15 0.00 30.00 0.802 0.154
Autumn 15 0.00 10.00 0.067 -

Coagulase-
positive 

staphylococci

Winter 15 0.00 20.00 0.087 -
Spring 15 0.00 130.0 0.563 -

Summer 15 0.00 20.00 0.649 0.131
Autumn 15 0.00 9.00 0.191 0.091

Micromycetes

Winter 15 0.00 520.00 1.671 0.194
Spring 15 10.00 820.00 2.209 0.149

Summer 15 20.00 21000 3.151 0.174
Autumn 15 40.00 1100 2.365 0.111
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contamination, pasteurization temperature, acid 
and salt tolerance of microorganisms, competitive 
microflora, cheese composition and manufacturing 
conditions. 

Pasteurization is able to destroy essential 
microflora, enzymes and pathogens in milk. 
It should be noted that the inactivation level 
of microorganisms depends on the amount of 
microorganisms, growth phase and other factors 
(Ciprovica and Mikelson. 2011).

Giammanco et al. (2011), analyzing the 
microbiological quality of Pecorino Siciliano 
cheese, found 27 of the 50 samples (54%) that 
appeared not to be satisfactory according to 
European Regulation 2005/2073/EC. This was 
mainly due to high levels of glucuronidase-positive 

E.coli. In 44% of the samples. E. coli exceeded 103 
CFU g-1 and in 8% of the samples its presence was 
detected in quantities between 102 and 103 CFU g-1.

The results of a study released by Kwenda, 
2015, showed that poor hygiene practices had 
played a major role to the contamination of the 
cheddar cheese with E. coli and coliform bacteria 
as well as other factors like pasteurization 
efficiencies.

Baranceli et al. (2014), studied the percentages 
of E. coli counts in packaged Minas cheeses and 
showed that up to 93% of samples commercially 
available at sales points were detected with fecal 
coliforms above the tolerance limit established 
by legislation. The higher percentages were 
indicative of lower hygienic conditions in the final 

JIMBOREAN et al.

Table	 2. The statistical differences regarding the microorganisms in kashkaval samples during 
production season (Two-way ANOVA)

Parameter Comparison Difference between 
means % of total variation P value Significance

of differences

Coliform bacteria. 
log. cfu/g

A - W 0.3113 ± 0.2021 7.82 0.0996 ns
A - Sp -0.2427 ± 0.1987 5.06 0.1375 ns
A - Su -1.092 ± 0.1864 55.06 P<0.0001 ***
W - Sp -0.5540 ± 0.2067 20.42 0.0108 *
W - Su -1.403 ± 0.1949 64.94 P<0.0001 ***
Sp - Su -0.8493 ± 0.1914 41.28 0.0002 ***

E. coli. log. cfu/g

A - W - - - -
A - Sp - - - -
A - Su -0.7353 ± 0.1675 40.78 0.0009 ***
W - Sp - - - -
W - Su -0.7353 ± 0.1675 40.78 0.0009 ***
Sp - Su -0.7353 ± 0.1675 40.78 0.0009 ***

Coagulase- 
positive 

staphyloccoc. 
log. cfu/g

A - W 0.1040 ± 0.1253 2.40 0.4519 ns
A - Sp -0.3727 ± 0.2016 10.88 0.0904 ns
A - Su -0.4580 ± 0.1594 22.77 0.0195 *
W - Sp -0.4767 ± 0.1999 16.89 0.0059 **
W - Su -0.5620 ± 0.1573 31.32 0.0007 ***
Sp - Su -0.08533 ± 0.2228 0.52 0.6774 ns

Micromycetes. 
log. cfu/g

A - W 0.6947 ± 0.2238 25.61 0.0066 **
A - Sp 0.1560 ± 0.1862 2.45 0.2403 ns
A - Su -0.7853 ± 0.2068 34.00 0.0004 ***
W - Sp -0.5387 ± 0.2448 14.75 0.0548 ns
W - Su -1.480 ± 0.2608 53.50 P<0.0001 ***
Sp - Su -0.9413 ± 0.2293 37.56 0.0001 ***

Legend: A/ autumn; W/ winter; Sp/ spring;   Su/ summer.
ns –  not significant (p > 0.05); * – significant (0.01 < p < 0.05); ** – very significant (0.001 < p < 0.01); *** – extremely significant (p < 0.001). 
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steps of cheese manufacture, including molding, 
packaging. 

Istrati et al. (2006), in one of their studies, 
have analyzed 11 Ruc and Dalia cheese samples, 
sold in the county of Bacău and have found a single 
sample with E. coli values below 10 cfu/g.

Some of the microorganisms that grow in dairy 
products are able to produce undesirable reactions 
that deteriorate the organoleptic characteristics 
of cheese, while other can potentially cause food-
borne diseases (Lu et al.. 2013).

Coagulase-positive staphylococci
No sample had values > 103 cfu/g which is the 

upper marginal limit (M) for coagulase-positive 
staphylococci in cheeses, according to Reg. EC 
1881/2006.

The presence of these microorganisms in dairy 
products depends by factors such as the quality 
of raw material, the respect of good practices of 
production and storage conditions (Ledenbach 
and Marshall. 2009).

Micromycetes
The determinations of micromycetes 

counts/g during the four seasons showed the 
following dates: in the autumn, 26.7% of the 
samples had values ranging from 0 to 100 cfu/g, 
53.3% between 101-500 cfu/g, 13.3% between 
501-1000 cfu/g and 6.7% were over 1000 cfu/g. 
In the winter, 66.7% of samples had values 
between 0-100 cfu/g, 26.7% between 101-500 
cfu/g and one sample between 501-1000 cfu/g. In 
the spring, 33.3% of samples had values ranging 
from 0 to 100 cfu/g, 40% between 101-500 cfu/g 
and 26.7% between 501-1000 cfu/g while in the 
summer, 6.7% of samples had a range of 0-100 
cfu/g, 26.7% were between 501-1000 cfu/g and 
66.7% with micromycetes counts over 1000 cfu/g, 
18.3% of all collected and analyzed samples had 
values > 1000 cfu/g.

Most problems raised by the contamination 
of kashkavals with yeasts and molds have related 
to their shelf life. These microorganisms have a 
strong proteolytic and lipolytic activity. In order to 
present no risks for human health and to extend 
their shelf-life, the kashkaval must not contain 
such microorganisms, or their number should be 
less than 1000/g of product (Bărzoi and Apostu. 
2002).

Ostry et al., 2004, reported that micromycetes 
are important factors with a potentially negative 
effect on human health, especially if are toxigenic, 

with toxic effects like carcinogenic, developmental 
toxicity. Many studies showed that the foodstuffs 
contaminated with the toxigenic micromycetes 
have presented a serious hazard of the „hidden 
mycotoxins” (Ostry et al., 2004).

Regarding the statistical analysis of the 
logarithmic mean values of coliforms, E. coli 
and micromycetes, from the kashkaval samples 
during the production season, have been observed 
extremely significant differences for (A-Su), 
(W-Su) and (Sp-Su), while coagulase-positive 
staphyloccoc have been reported very significant 
differences for  (W-Sp).

Insignificant levels of (A-W), (A-Sp) production 
were induced by coliform bacteria, (A-W), (A-Sp) 
and (Sp-Su) by coagulase-positive Staphyloccoc 
and (A-Sp), (W-Sp) by micromycetes.

Conclusions
According to the results of this study the 

highest coliform bacteria values in kashkaval 
cheeses were detected  in the summer, ranging 
from 8.0 to 460.0 cfu/g, and the lowest in the 
winter, between 0.0 and 50.0 cfu/g.

Analyzing the seasonal variations of  E.coli.  in 
the winter and spring was absent, while the highest 
values were in the summer, ranging between 0.0 
and 30.0 cfu/g. According to the Ministry of Health 
Regulations from 1998, up to 10 coliforms/ g 
product are allowed, maximum 1000 yeasts and 
molds/g product. The new regulations do not 
provide any information for these indicators. 

The highest level of coagulase-positive 
staphylococci group of bacteria were detected in 
the spring, between 0.0 and 130.0 cfu/g and the 
lowest in the autumn, between 0.0 and 9.0 cfu/g 
while the highest Micromycetes counts were in the 
summer, 20.0 - 21000.0 cfu/g and the lowest were 
in the winter between 0.0 and 520.0 cfu/g.

The microrganisms that are indicators of 
the sanitary-hygienic quality, such as coliform 
bacteria, E.coli and micromycetes were present in 
kashkaval samples at relatively high levels during 
the summer.

The results of this study highlight that the 
high temperatures during the summer  influenced 
the microbial load. Due to the risks that these 
microorganisms represent to public health, it is 
necessary to improve hygienic practices during 
the warm season, both at the reception and during 
the manufacturing process.

Microbiological Profile of Kashkaval Cheese During Production Season
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