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	Abstract

Butter is a widely consumed dairy product traditionally made by churning pasteurised cream to separate butterfat from buttermilk. This study focuses on the evaluation of food safety in the production of herb butter, comparing commercial products with laboratory prepared samples. Two types of butter were produced: plain and herb-infused, according to current technological and hygiene standards. The samples were analysed for physicochemical, microbiological and organoleptic properties, with particular emphasis on food safety indicators such as microbial load and compliance with hygiene regulations. The results showed that both commercial and laboratory prepared samples complied with national safety standards. In addition, the insertion of herbs did not adversely affect safety or quality when proper procedures were followed. These findings support the feasibility of producing safe, high-quality herb butter through controlled processing and highlight the importance of strict food safety practices in the development of value-added dairy products.
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1. Introduction
The global dairy industry represents one of the most vital and expansive sectors within the agri-food economy, contributing significantly to both nutritional security and economic development worldwide. Dairy products are consumed across all age groups and cultures due to their high nutritional value, versatility, and sensory qualities. Among these, butter is a cornerstone product, widely used in households, food service, and food manufacturing industries [1]. In recent decades, the industry has experienced continuous growth, primarily driven by rising global population figures, increased urbanization, changing dietary preferences, and a heightened demand for value-added and specialty dairy products. This trend is reflected in the global butter market, which was valued at USD 40.04 billion in 2023 and is projected to grow to USD 58.16 billion by 2032, with a compound annual growth rate (CAGR) of 4.26% over the forecast period [2]. Consumer interest in butter remains strong, especially in premium, organic, and flavored varieties such as herb butter, which combine traditional dairy ingredients with plant-based seasonings to enhance taste and functionality [3].

Butter is a high-fat dairy product, typically composed of 80% to 90% milk fat, and is produced by churning pasteurized cream or sour cream, usually obtained from cow’s milk [4]. This mechanical process separates the fat from the buttermilk, resulting in a solid emulsion rich in fat-soluble compounds. The distinctive flavor of butter is primarily attributed to diacetyl, with secondary contributions from butyric, propionic, and formic acids, acetoin, and acetaldehyde [5]. Nutritionally, butter is a source of essential micronutrients including vitamin A (653.0 µg retinol equivalents per 100 g), vitamin E (2.2 mg tocopherol equivalents per 100 g), vitamin K (60 µg/100 g), and vitamin D (1.2 µg/100 g), alongside varying levels of cholesterol (183–248 mg/100 g) and trace minerals such as calcium and phosphorus. The natural yellow color of butter results from carotenoids such as carotenoids (lycopene) and other fat-soluble pigments [6].
Despite its nutritional benefits, the safety and quality of butter, particularly flavored variations such as herb butter are contingent upon rigorous control measures throughout the production process. The incorporation of herbs specifically basil (Ocimum basilicum) and oregano (Origanum vulgare) introduces additional variables that may influence microbial stability, shelf life, and overall product safety [7]. Therefore, microbiological control is critical in ensuring that butter products are free from pathogenic and spoilage microorganisms [8]. Processes such as pasteurization, sanitary equipment handling, and controlled environmental conditions are fundamental to preventing contamination. As highlighted by Nekera et al. (2023), strict compliance with food safety standards and hygiene protocols is essential across all stages of dairy processing to safeguard consumer health [9].
The present study aims to evaluate the food safety standards in the production of herb butter by conducting a comparative analysis between commercially available butter products and butter samples produced in laboratory conditions following established quality protocols. The main objectives are to assess the degree to which commercial products comply with food safety regulations and to analyze the feasibility of consistently applying these standards during the production process. This research contributes to a broader understanding of quality assurance in dairy manufacturing and highlights the challenges and best practices in producing safe, high-quality herb butter.
2. Materials and Methods

2.1. Raw materials

To carry out the experiments, various materials were used in the production of the experimental butter variants, including sweet liquid cream with 35% fat content, a mixture of commercial basil (Ocimum basilicum) and commercial oregano (Origanum vulgare) in a ratio of 2:1 (basil:oregano) as natural flavouring agents for the herb-flavoured butter, and commercial salt. 

2.2. Butter experimental variants 

The production of the butter variants was accomplished through the utilisation of the TM6 Thermomix system (Germany), a device meticulously chosen for its precision and its aptitude for laboratory-scale processing. A volume of 500 mL of sweet cream with 35% fat content, pre-cooled to 4°C, was subjected to a churning process at speed 4 for 4–6 minutes, resulting in the separation of the fat phase (butter) from the aqueous phase (buttermilk). The resultant butter was then washed with cold water to eliminate any residual buttermilk, a step that enhances microbiological stability and extends shelf life [10]. The addition of salt (1–2%) was optional, with the aim of improving both the sensory characteristics and the preservative properties of the final product. This procedure was applied to both the classic butter sample and the herb-flavoured variant. For the latter, a 3% (w/w) mixture of finely chopped basil (Ocimum basilicum) and oregano (Origanum vulgare) was incorporated as a natural flavouring.
To facilitate a comparative analysis, the experimental butter variants were evaluated alongside two commercially available counterparts (commercial classic butter and commercial herb-flavored butter with basil (Ocimum basilicum) and oregano (Origanum vulgare). This approach allowed the assessment of differences in physico-chemical characteristics and microbiological analysis. The codification of the butter samples used in the comparative analysis is shown in Table 1.
2.3. Physico-chemical and microbiological analysis 

A series of analyses was conducted on the butter variants, in order to evaluate their quality and safety attributes. The physico-chemical parameters that were assessed included pH, fat content, moisture content, sodium chloride concentration, and titratable acidity. Furthermore, microbiological analyses were performed to determine the presence of Enterobacteriaceae and to quantify the total yeast and mould counts. 
Table 1. Codification of butter variants 

	Code (ID)
	Description

	M1
	Commercial classic butter

	M2
	Commercial herb-flavored butter

	E1
	Experimental classic butter

	E2
	Experimental herb-flavored butter


pH analysis

The pH measurement was performed using a universal pH meter (WTW, Germany), which enables accurate determination of the acidity level of the medium.
Fat content

The fat content was determined using the Gerber butyrometer method, in which 5 grams of butter were mixed with distilled water, sulfuric acid, and isoamyl alcohol in a ratio of 1:10:1 in accordance with ISO 19662/2018. The mixture was then subjected to centrifugation, and the fat content was subsequently read directly from the calibrated scale of the butyrometer [11].

Moisture content

Moisture content was determined using the thermogravimetric method, whereby the sample was weighed before and after heating at 110(C. The moisture level was calculated based on the difference in mass between the initial and final measurements [12].

Sodium chloride concentration

The salt content was determined by dissolving a 10 g sample of butter in hot distilled water, followed by titration with a 0.1 N silver nitrate (AgNO₃) solution, using potassium chromate as an indicator, according to the Mohr method [13]. The NaCl content was calculated using the following formula, in accordance with SR ISO 1738/2009: 
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where: V is the volume of the 0.1 N AgNO3 solution used for the titration, in cm3; m is the mass of the sample taken for analysis, in g; 0.005845 is the amount of NaCI corresponding to 1 cm3 of 0.1 N AgNO3 solution, in g according to SR ISO 1738/2009 [15].
Titratable acidity
The acidity of the butter samples was determined by the titration method according to SR ISO 1740/2008 [16].
Acidity was calculated using the following formula:
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where: V is the volume of NaOH 0.1N used for the titration, in cm3; m is the mass of the analysed product, in g.

Total Viable Count (TVC)

The method under discussion involved the use of a non-selective medium, Plate Count Agar - PCA (Titan Biotech, India). The sample was incorporated into the culture medium and was incubated under aerobic conditions at 30°C for 72 hours. A salient feature of this method was its capacity to support the growth of a wide range of aerobic mesophilic microorganisms, thereby providing a general indication of the microbiological quality of the sample. The colonies that developed during the incubation period were considered to be viable microorganisms, and their enumeration reflected the overall microbial load present in the sample. The analysis was performed in accordance with ISO 4833-2/2014, thereby ensuring a standardised and reliable assessment of total aerobic viable counts ADDIN ZOTERO_ITEM CSL_CITATION {"citationID":"mhZZLqgx","properties":{"formattedCitation":"(ISO 4833-2:2014, f.a.)","plainCitation":"(ISO 4833-2:2014, f.a.)","dontUpdate":true,"noteIndex":0},"citationItems":[{"id":31,"uris":["http://zotero.org/users/16870851/items/88UPIEIX"],"itemData":{"id":31,"type":"report","number":"ISO 4388-2","publisher":"International Organization for Standardization","title":"Horizontal method for the enumeration of colonies; Colony count technique (for the determination of Total Viable Count, TVC)","URL":"https://magazin.asro.ro/ro/standard/224473","author":[{"literal":"ISO 4833-2:2014"}],"accessed":{"date-parts":[["2025",4,7]]}}}],"schema":"https://github.com/citation-style-language/schema/raw/master/csl-citation.json"}  [17].
Determination of Enterobacteriaceae count

The methodology that was applied involved the use of a selective medium, namely Violet Red Bile Glucose (Oxoid, UK). The sample was incorporated into the culture medium and was then subjected to incubation at 37°C for a period of 24 hours. In accordance with the manufacturer's specifications, presumptive Enterobacteriaceae colonies developed characteristic pigmentation, ranging from pink to red or purple. The procedure was conducted in accordance with ISO 21528-1/2017 and ISO 21528-2/2017 standards, facilitating the detection and quantification of Enterobacteriaceae in butter samples [18],[19].
Total yeast and molds count

The methodology employed in this study involves the utilisation of a selective medium, namely Oxytetracycline Glucose Agar (Biokar Diagnostics, France). The sample is incorporated into the culture medium and incubated under aerobic conditions at 25°C for 120 hours. A distinctive feature of this method is the incorporation of an oxytetracycline supplement into the medium. The mechanism of action of oxytetracycline is through the inhibition of bacterial growth by interfering with protein synthesis. It does this by binding to the 30S subunit of bacterial ribosomes, thereby disrupting the translation process in susceptible bacterial cells. In the context of mixed microbial cultures or environmental samples, this antibiotic is employed to suppress bacterial contaminants, thereby enabling the selective growth of target organisms, such as fungi, that are unaffected by oxytetracycline [20]. The analysis was carried out in accordance with ISO 21528-2/2017, ensuring robust monitoring of microbial contaminants ADDIN ZOTERO_ITEM CSL_CITATION {"citationID":"kr0rUqkr","properties":{"formattedCitation":"(ISO 21528-2, f.a.)","plainCitation":"(ISO 21528-2, f.a.)","dontUpdate":true,"noteIndex":0},"citationItems":[{"id":30,"uris":["http://zotero.org/users/16870851/items/XQ2GRXXW"],"itemData":{"id":30,"type":"report","number":"ISO 21528-2","publisher":"International Organization for Standardization","title":"Horizontal method for the detection and enumeration of Enterobacteriaceae—Part 2: Colony-count technique","URL":"https://www.iso.org/standard/63504.html","author":[{"literal":"ISO 21528-2"}],"accessed":{"date-parts":[["2025",4,7]]}}}],"schema":"https://github.com/citation-style-language/schema/raw/master/csl-citation.json"} .

3. Results and discussions

The subsequent section is devoted to the presentation of the findings derived from the physicochemical and microbiological analyses that were conducted, including results on pH, fat content, moisture, sodium chloride, titratable acidity, and microbiological indicators such as Enterobacteriaceae, yeasts and moulds, and the total viable count. Furthermore, these results are examined and discussed in detail, with reference to relevant scientific literature, to highlight their implications for butter quality, stability, and microbiological safety.
3.1. Physico-chemical analyses
The analysis of the butter samples was undertaken with the objective of determining the physicochemical indicators. The purpose of this analysis was to facilitate a comparative assessment between the two samples of classic butter and two samples of herb butter.

The percentages of fat, moisture, sodium chloride, and titratable acidity were determined for each butter sample analysed, with all analyses performed in triplicate to ensure accuracy and reproducibility of the results.. The findings of these physicochemical analyses are presented in Table 2, which offers a comparative presentation of a commercially produced butter sample and a traditionally manufactured butter sample obtained under controlled laboratory conditions.
A comparative evaluation of the physicochemical parameters of the two classic butter samples, designated M1 (commercially produced) and E1 (laboratory-produced), reveals notable differences when compared both with one another and with established standards from the scientific literature.

The fat content of sample M1 was 66%, while E1 registered a lower value of 59%. According to the standard for butter, the minimum acceptable fat content is 80%. These values are considerably lower than the minimum threshold. In comparison, Fındık and Andiç (2017) reported that the fat content of butter samples ranged between 77 and 83 g/100 g, aligning with regulatory standards and highlighting the relatively low fat content in samples M1 and E1 [21]. Both samples fall below this threshold, suggesting deviations in formulation or the possible inclusion of non-fat components, particularly in the laboratory sample [22].

With regard to moisture content, sample M1 contained 15.9%, which falls within the maximum permissible limit of 16% established by international standards, as specified by the Codex Alimentarius. Conversely, sample E1 exhibited a substantially elevated moisture content of 27.1%, a factor that has the potential to adversely impact the product's shelf life and sensory attributes.
As for sodium chloride, both samples exhibited values far below the typical commercial levels. Specifically, sample M1 contained 0.015%, while sample E1 had 0.010%. According to the literature, salted butter generally contains between 1.6% and 1.7% sodium chloride [23]. The extremely low levels of sodium chloride observed in this study indicate that both samples are effectively unsalted.

The pH values were similar in both samples - 6.61 for M1 and 6.63 for E1 - indicating a slightly acidic environment typical of sweet cream butter. According to research, the pH of sweet cream butter generally ranges between 6.1 and 6.4, which is consistent with the values found in both samples [21].
For the purpose of determining titratable acidity, M1 exhibited a value of 0.17% lactic acid, while E1 demonstrated a marginally lower value of 0.15%. These values are within the acceptable range for fresh butter. However, studies have shown that artisanal butter can have higher acidity levels (up to 0.51%), while commercial variants usually remain around 0.30% [24]. Furthermore, Fındık and Andiç (2017) documented acidity values for butter ranging from 0.2 to 1.1%, thereby substantiating that both samples reflect limited fermentation and fall within the lower end of the anticipated acidity spectrum [21].
Table 2. A comparative analysis of the physicochemical characteristics of commercial and laboratory-produced  butter samples
	Code
	pH
	Fat [%]
	Moisture [%]
	Sodium chloride [%]
	Titratable acidity[ % lactic acid]

	M1
	6.61(0.01a
	66(1.91c
	15.9(0.63a
	0.015(0.002a
	0.17(0.09a

	E1
	6.63(0.02a
	59(1.5a
	27.1(0.85c
	0.010(0.005a
	0.15(0.06a

	M2
	6.63(0.01a
	62(1.2b
	15.5(0.9a
	1.8(0.001b
	0.18(0.1a

	E2
	6.62(0.03a
	60(1.3ab
	22.8(0.78b
	0.020(0.004a
	0.16(0.08a


M1 – Commercially produced butter with a classic flavour profile; M2 – Commercially produced butter with an herb-flavoured profile; E1 – Laboratory-produced butter with a classic flavour profile; E2 – Laboratory-produced butter with an herb-flavoured profile. The parameters evaluated include pH, fat content, moisture, sodium chloride content, and titratable acidity (expressed as % lactic acid). The results are expressed as the mean value of three replicates, with the standard deviation (SD) indicated as a measure of variation. Data with different superscripts reported in the same column are significantly different (one-way ANOVA, p < 0.05). It is evident from the analysis that data within a column with the same superscripts do not exhibit a significant difference (one-way ANOVA, p > 0.05).
Overall, sample M1 (commercial) showed better compliance with international standards, particularly for moisture and fat content, compared to sample E1 (laboratory), which showed notable deviations - most notably its elevated moisture content. These results underline the importance of rigorous control of processing parameters and formulation practices in butter production, not only to ensure product consistency and quality, but also to maintain microbiological safety and extend shelf life.
In a similar manner, Table 2 also presents a comparative overview of the physicochemical analysis results for herb butter, encompassing both a commercially available sample and a counterpart produced under controlled laboratory conditions.
Analysis of two herb-enriched butter samples, M2 and E2, showed similar pH values (6.63 and 6.62) and titratable acidity (0.18% and 0.16% lactic acid). M2 had a slightly higher fat content (62% vs. 60%) and significantly lower moisture (15.5% vs. 22.8%). Sodium chloride levels differed significantly, with M2 containing 1.8% and E2 only 0.020%, suggesting differences in formulation or intended use.
The pH values for both samples (6.63 for M2 and 6.62 for E2) indicate a slightly acidic character, typical of fresh dairy products. These values align with the ranges reported in specialized literature for butter produced from pasteurized cream, where the pH generally falls between 6.5 and 6.8 [25].

In terms of fat and moisture content, international standards require a minimum fat content of 80% for traditional butter. European Union Regulations (2007) and industry standards classify butter not only by fat content but also by salt content ADDIN ZOTERO_ITEM CSL_CITATION {"citationID":"2pAfu9Am","properties":{"formattedCitation":"(Regulation, C., f.a.)","plainCitation":"(Regulation, C., f.a.)","dontUpdate":true,"noteIndex":0},"citationItems":[{"id":43,"uris":["http://zotero.org/users/16870851/items/SL64LZRY"],"itemData":{"id":43,"type":"standard","title":"No 1234/2007 of 22 October 2007 establishing a common organisation of agricultural markets and on specific provisions for certain agricultural products (Single CMO Regulation)","author":[{"literal":"Regulation, C."}],"issued":{"date-parts":[["2007"]]}}}],"schema":"https://github.com/citation-style-language/schema/raw/master/csl-citation.json"} . Unsalted butter must contain between 82% and 90% milk fat, while salted butter typically contains between 80% and 90% milk fat, with a maximum moisture content of 16% in both cases. Butter with a milk fat content between 60% and 62% is classified as "three-quarter-fat butter" and is considered a reduced-fat product [27].
In this context, samples M2 and E2, with a fat content of 62% and 60% respectively, belong to the category "three-quarter-fat butter". In terms of moisture, sample M2 (15.5%) meets the standard, while E2 (22.8%) exceeds the 16% threshold, which could affect the quality and classification of the product. In addition, E2 contains only 0.020% sodium chloride, which is in line with unsalted butter, but lacks the typical fat content required for this category.
The observed deviations in fat and moisture content are likely influenced by the incorporation of herbs into the butter matrix. The addition of herbs may introduce extra moisture and dilute the fat content, especially in E2, contributing to its classification as a reduced-fat product and potentially impacting texture, shelf life, and sensory attributes.

From a food safety perspective, the combination of low salt and high moisture in E2 raises concerns. These conditions may favour microbial growth and shorten shelf life, highlighting the importance of adhering to compositional standards not only for regulatory compliance and product labelling, but also to ensure microbiological safety and consumer protection [28].
The sodium chloride content in salted butter is typically between 0.5% and 2% [29]. Consequently, M2, with 1.8% salt, falls within this expected range, whereas E2, with only 0.020%, has a significantly lower salt concentration, which could significantly affect both the sensory profile and the shelf life of the product.
The acidity levels of 0.18% in M2 and 0.16% in E2 are consistent with those found in classic butter samples previously analysed, which typically range between 0.10% and 0.20% lactic acid, indicating that both samples are within acceptable limits and reflect appropriate processing and storage conditions [30].

Both herb-enriched butter samples had acceptable pH and acidity levels, similar to classic butter. However, M2 was closer to standard requirements, while E2's lower fat, higher moisture and minimal salt content suggested a reduced fat, unsalted formulation. These differences, likely influenced by the addition of herbs, may have implications for product stability, shelf-life and safety, highlighting the need for careful compositional control.
When comparing the physicochemical characteristics of the laboratory-produced butters, E1 and E2, notable differences can be observed. The incorporation of herbs into the butter formulation, as evidenced in sample E2, led to substantial alterations in its physicochemical properties. Specifically, E2 exhibited a lower moisture content (22.8%) compared to the non-herb sample E1 (27.1%), which may contribute to a firmer texture and potentially enhanced shelf stability. The correlation between diminished moisture levels and enhanced shelf-life is in accordance with the findings reported by Dudkiewicz et al. (2022)[32]. The author demonstrated that a reduction in moisture content in dairy products is closely associated with an extension in the stability and delay in spoilage during storage. The sodium chloride content in E2 was higher (0.020%) than in E1 (0.010%), likely as a result of formulation adjustments aimed at flavour enhancement. Furthermore, E2 exhibited a marginally higher titratable acidity (0.16% lactic acid) and a slightly lower fat content, suggesting that the presence of herbs may have subtly influenced the acid-base balance and fat distribution within the butter matrix, potentially affecting both taste and texture as also observed by Ziarno et al. (2023), who reported similar changes in dairy products enriched with plant-based ingredients [33].

Statistical analysis revealed significant differences (p < 0.05) among the butter samples with respect to fat content, moisture, and sodium chloride concentration. The commercial classic butter (M1) exhibited the highest fat content (66 ± 1.91%), which was significantly greater than that of the laboratory-produced classic butter (E1, 59 ± 1.5%) and the herb-flavoured variants. In contrast, E1 demonstrated a significantly elevated moisture content (27.1 ± 0.85%) in comparison to all other samples, with M1 and M2 presenting notably lower values (15.9 ± 0.63% and 15.5 ± 0.9%, respectively). Furthermore, the sodium chloride content in the commercial herb-flavoured butter (M2) was found to be significantly higher (1.8 ± 0.001%) in comparison to all other samples, which ranged from 0.010 ± 0.005% to 0.020 ± 0.004%. No statistically significant differences were observed in pH values, which ranged narrowly from 6.61 ± 0.01 to 6.63 ± 0.02, or in titratable acidity, with values spanning from 0.15 ± 0.06% to 0.18 ± 0.1% lactic acid. These results indicate stability in these parameters across formulations.
The monitoring of physico-chemical parameters was extended over a period of five days to assess possible qualitative changes in the final products. No significant changes in the monitored parameters were observed at either the 48-hour or 120-hour time points.
3.2. Microbiological analyses
As with the physico-chemical parameters, the microbiological characteristics of the butter samples were monitored over a period of five days. The initial tests, carried out immediately after laboratory production, showed that none of the samples, whether classic or herb-flavoured, showed the presence of Enterobacteriaceae, yeasts or moulds, and the total viable count (TVC) was 0 CFU/g.
No microbiological alterations were detected in any of the samples after 48 hours. However, slight microbial growth was observed up to 120 hours after production. The commercial classic butter (M1) exhibited 0.78 log10 CFU/g yeast and moulds. Conversely, the commercial herb-flavoured butter (M2) exhibited 1.26 log₁₀ CFU/g TVC and 0.30 log₁₀ CFU/g yeasts and moulds. The laboratory-produced classic butter (E1) reached 1.08 log₁₀ CFU/g TVC and 0.60 log₁₀ CFU/g yeasts and moulds, while the laboratory-produced herb butter (E2) had 1.38 log₁₀ CFU/g TVC and 0.78 log₁₀ CFU/g yeasts and moulds. Enterobacteriaceae were absent in all cases. The findings of this study are consistent with the European standards for microbiological quality and safety of butter, thereby confirming that all of the samples analysed were within the regulatory limits for microbial contamination.
The results of this study are visually summarised in Figure 1, which highlights the microbiological differences between the butter types and production methods, particularly in terms of total viable counts and fungal growth. 
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Figure 1. Microbiological profile of butter samples after 120 hours of storage

When juxtaposed with the findings of Fındık and Andiç (2017), who documented yeast and mould counts ranging from 2.8 to 7.4 (log10 CFU/g) in traditionally produced butter samples, the current samples demonstrate markedly diminished fungal contamination, signifying enhanced microbial stability and potentially more efficacious hygienic control during the production and storage processes [21]. Furthermore, Ahmed et al. (2016) reported TVC values ranging from 2.96 to 3.62 (log10 CFU/g) in butter samples. These values are considerably higher than those observed in the present study [34]. This observation indicates that all the butter variants analysed in this study exhibited satisfactory microbiological quality, a phenomenon that can be attributed to the implementation of effective hygiene practices and optimal storage conditions. In the same study, coliform bacteria were detected in butter samples stored at 5 °C with counts of 0.7 and 0.73 log₁₀ CFU/g, indicating low microbial contamination even under refrigeration. This finding serves to further emphasise the microbiological stability and enhanced hygiene quality of the samples analysed in the present study.
According to the microbiological quality criteria commonly applied to dairy products, the total viable count (TVC) in butter should not exceed 1000 CFU/g, Enterobacteriaceae must be absent in 1 g of product, and the acceptable limit for yeasts and moulds is typically set at 100 CFU/g. These limits, based on SR EN ISO 4833-1:2013, SR ISO 21528-2:2017 and SR EN ISO 21527-1:2008, are considered essential indicators of microbial quality and hygiene during processing and storage. The absence of Enterobacteriaceae specifically reflects the effectiveness of contamination control measures, as these bacteria are recognised markers of faecal or post-process contamination [35] . All samples tested met these criteria throughout the observation period, indicating satisfactory microbiological quality and good hygienic conditions during production and storage.

The slight microbial increases observed in samples E1 and E2, particularly in the total viable count (TVC), are consistent with the findings of Martin et al. (2021), who emphasised that dairy products processed on a small or laboratory scale are more susceptible to microbial contamination due to limited environmental control and manual handling. In the present study, although TVC values increased slightly over the five-day period, they remained well below acceptable microbiological thresholds, reflecting the conclusions of these authors regarding spoilage control in dairy systems [36].

Furthermore, the persistence of yeasts and moulds - especially in high-fat products such as butter - is consistent with existing literature identifying these microorganisms as key spoilage agents under low water activity conditions [31]. This observation supports the idea that even under chilling conditions, oxidative and osmophilic yeasts can grow slowly in lipid-rich matrices.

The absence of Enterobacteriaceae in all samples tested is also consistent with the conclusions of Choki et. al (2021), who highlighted the importance of this microbial group as a hygiene and safety indicator in dairy production [37]. According to their findings, the effective elimination or absence of Enterobacteriaceae in finished products strongly reflects adherence to hygienic processing standards and the absence of post-process contamination, which was also demonstrated in the current study.

The comparison between the laboratory-produced samples indicates that the addition of herbs in E2 resulted in an increased microbial load. This phenomenon can be attributed to the inherent microbial burden present in herbs, which has the potential to contribute to elevated levels of total viable counts, as well as yeast and mould levels in the final product [38]. Specifically, E2 exhibited a TVC of 1.38 log10 CFU/g and 0.78 log10 CFU/g yeasts and moulds, compared to 1.08 log10 CFU/g TVC and 0.60 log10 CFU/g yeasts and moulds in E1. Notwithstanding this fact, the Enterobacteriaceae were absent in both samples, thereby ensuring compliance with microbiological safety standards.
4. Conclusion
The present study aimed to evaluate the food safety of herb butter production through a comparative analysis of commercial and laboratory produced samples. The results showed that although both commercial and experimental butter variants exhibited variations in physico-chemical composition, particularly in fat and moisture content, microbiological safety was maintained in all samples. 
Throughout the observation period, all samples remained well within the accepted microbiological thresholds established by international standards (SR EN ISO 4833-1:2013, SR ISO 21528-2:2017, SR EN ISO 21527-1:2008), with complete absence of Enterobacteriaceae and only minimal growth in total viable counts. These results are consistent with recent literature highlighting the potential antimicrobial properties of herbs and the critical importance of hygienic practices in minimising microbial contamination in dairy processing.
While the experimental herb butter (E2) showed some variations in composition - notably lower fat, higher moisture and lower salt content - it maintained acceptable acidity and pH levels. These parameters, although important from a regulatory perspective, did not compromise the microbiological safety of the product within the timeframe of the study. However, the increased moisture and minimal salt content observed in E2 suggest the need for improved process control to ensure both safety and sensory stability over longer storage periods.
In conclusion, this evaluation demonstrates that with careful control of raw material composition, hygiene practices and processing parameters, herb butter can be safely produced at both industrial and laboratory scales. The inclusion of herbs such as basil and oregano does not pose a food safety risk when proper manufacturing protocols are followed. This research contributes to a deeper understanding of quality assurance in the development of value-added dairy products and supports the potential for safe, innovative formulations in the growing flavoured butter market.
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