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The importance of short food supply chains is increasing in the food sector, and direct selling is a promising
alternative to commercial chains in dairy trade. Several channels and practices of direct raw milk sales exist in
Hungary. Because short food supply chains in the Hungarian dairy sector have not yet been investigated in detail, we
have little or no knowledge on the composition of directly sold raw milk. For this reason, a 9-month study was
undertaken from June 2013 through February 2014, wherein directly sold raw bovine milk samples were tested for
fat, protein, lactose, and solids-not-fat contents and for freezing point. A total of 21 direct sellers located in Budapest,
Hungary were sampled twice a month. The results were compared to the official Hungarian raw milk quality data
referring to the same period. The direct milk vendors involved in this study were found to sell raw milk with reduced
levels of lactose and solids-not-fat and elevated freezing points, compared to the national raw milk data. The findings
of this research underline the need for stricter regulations and control with respect to direct raw milk sales in the
country.
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Nowadays, the theory and practice of the so-called short food supply chains are gaining
ground in Europe and North America. In this concept, the foods involved are traceable to a
farmer. The number of intermediaries between farmer and consumer should preferably be
zero (KNEAFSEY et al., 2013). Further dimensions of the short food supply chains are defined
by RENTING and co-workers (2003), who divide them into three categories, such as face-to-
face, proximate, and extended short food supply chains, depending on the extent of direct
relations between producers and consumers in time and space. To understand developments
in food markets, we need a “sociology of the market” (MARSDEN & ARCE, 1995), which aims
to unravel the patterns of social interaction between various actors in the agri-food chain and
analyses how supply chains are constructed as arrangements of interlocking projects of these
actors (VAN DER PLOEG & Frouws, 1999).

In 1984, a novel quality-based raw milk control and payment system was introduced in
Hungary (UNGER, 2001). Since then all farmers within the scope of the raw milk testing
regulation have been required to submit samples for comprehensive quality tests on a regular
basis. The major physicochemical and microbiological-hygienic parameters of raw milk,
hereinafter referred to as collected raw milk (CRM), have been recorded and analysed
systematically over the last 3 decades, however, considerably less information is available on
the quality of directly sold raw milk (DSRM). CRM is predominantly received by dairy
plants, whereas small farmers mostly sell their raw milk directly to the public. The legislatively
prescribed minimum sampling frequency, the specific quality parameters to be examined, and
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the relevant thresholds for DSRM (MINISTRY OF AGRICULTURE AND RURAL DEVELOPMENT, 2010)
are easier to be complied with, compared to the corresponding regulations for CRM. The
objectives of this research were to monitor the major physicochemical properties of raw milk
purchased from direct sellers and to compare the test results with those of the Hungarian
quality-based raw milk payment system for the same period. To our knowledge, this is the
first scientific study evaluating the physicochemical quality of directly sold raw milk in
Hungary.

1. Materials and methods

1.1. Sampling

For Hungarian authorities and milk producers within the scope of the quality-based raw milk
payment system, regulations no. 852/2004/EC, 853/2004/EC, 854/2004/EC (EC, 2004a,b,c),
and joint decree no. 16/2008. (II. 15.) FVM-SZMM (MINISTRY OF AGRICULTURE AND RURAL
DEVELOPMENT & MINISTRY OF SOCIAL AND LABOUR AFFAIRS, 2008) specify the requirements for
sampling and analysis of CRM. Based on these legal provisions and the findings of earlier
scientific studies (PELSUE Jr., 1973; BiGas et al., 1984; TREMONTE et al., 2014), DSRM samples
were purchased at a total of 21 locations in Budapest, Hungary twice a month over a 9-month
period ranging from June 2013 through February 2014. The sampling locations included
farmers’ markets, milk vending machines, and various forms of farmers’ local milk delivery
schemes.

At certain locations only 1-1 and 1.5-1 pre-bottled samples could be purchased in PET
bottles. Apart from these cases, sterile 0.5-1 glasses with threaded plastic caps were used for
sampling purposes. Because refrigeration at 0-2 °C is a suitable method of preserving the
relevant quality of raw milk up to 48 h of storage (UNGER, 2001), our samples were kept
cooled at temperatures lower than 4 °C, thus simulating the real routine of raw milk purchase
and home storage.

1.2. Physicochemical analyses

The samples were delivered to the Raw Milk Testing Laboratories of the Hungarian Dairy
Research Institute at Mosonmagyarévar and Budapest (Hungary). The analyses were mostly
performed within 24 h from the time of sampling, but this time span never exceeded 36 h.
Each test method applied in the laboratories was accredited by the Hungarian Accreditation
Board (Budapest, Hungary). Fat, protein, lactose, and solids-not-fat (SNF) contents and
freezing point results are discussed in this study. Compositional parameters were determined
by a MilkoScan™ milk analyser (Foss Electric, Hillered, Denmark) as described by the
relevant International Standard (IDF, 2000), whereas freezing point measurements were done
by an Advanced® 4D3 Cryoscope (Advanced Instruments, Norwood, MA, USA) in
accordance with an ISO-IDF International Standard (ISO-IDF, 2009).

1.3. Statistical evaluation

For each parameter quantified, individual test results were grouped into ranges, shown in
Table 1, according to the categories used in the official Hungarian raw milk quality database
(HuNGARIAN DAIRY RESEARCH INSTITUTE, 2014) so that comparability could be achieved. Data
from both sources were then averaged to yield means and standard deviation for the period
examined. No statistical tests were applied to eliminate possible outliers. Because it is
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impossible to gain accurate and quantitatively weighted data in the direct selling sector, the
unweighted data of the present study (n=360) were compared to the official national weighted
raw milk data of the same period (n=22 949).

2. Results and discussion

2.1. Fat content

The data in Table 1 show that over one third of DSRM and approximately 60% of CRM
samples had fat contents in the range of 3.51-4.00%. In turn, both extremely low (<2.75%)
and high (>4.76%) fat levels were more frequently observed in DSRM than in CRM, with
occurrence percentages of 9.5% and 0.5% (low), and 8.9% and 1.3% (high), respectively,
resulting in identical mean fat concentrations (3.8%) in the two groups of raw milk (Table 2).
From these results it appears likely that batches of DSRM were not thoroughly agitated prior
to sale. GoopRrIDGE and co-workers (2004) emphasize the importance of adequate agitation of
bulk milk to ensure homogeneity, and warn about the consequences of both insufficient and
excessive intensities that may result in inhomogeneity in the former case and churning in the
latter.

2.2. Protein content

A slightly skewed normal distribution was observed for protein content of raw milks (Table
1). In the EU, raw milk belongs to drinking milks, and Council Regulation no. 1234/2007/EC
(EC, 2007) declares that drinking milk shall contain a minimum of 2.9% (w/w) of protein for
milk containing 3.5% (w/w) of fat, or an equivalent concentration in the case of milk having
a different fat content. More than 6% of the DSRM and only 0.3% of the CRM samples tested
had a protein content not exceeding 2.8%. Similarly, the percentage of DSRM containing
<3.2% of protein, 42.8%, was considerably higher than the corresponding value of 24.2% for
CRM. It should be noted, however, that the majority of samples had protein contents ranging
from 3.11% to 3.40% in both groups. It is also worth mentioning that no substantial differences
were found between the percentages measured for DSRM and CRM in each of four ranges of
protein content exceeding 3.50% (Table 1). Table 2 shows that the mean protein concentrations
determined for DRSM and CRM were identical (3.3%). This is in agreement with the general
observation that bovine milk typically contains 3.2-3.5% of protein, which may, however,
largely vary depending on the breed, lactation stage, and nutritional and health status of the
cow (JENNESS, 1986; Fox, 2011; CLAEYS et al., 2014).

2.3. Lactose content

As shown in Table 1, approximately half (i.e., 49.0%) of the DSRM samples tested contained
less than or equal to 4.60% of lactose, whereas the corresponding proportion for CRM was
as low as 5.6%. In turn, the vast majority (i.e., 92.4%) of CRM samples had lactose contents
ranging between 4.61% and 4.90%. The percentage of samples containing at least 4.91% of
lactose was between 1% and 2% in both groups of raw milk. Lactose, the principal determinant
of osmotic pressure in milk, is known to be the least variable milk component, with a mean
concentration of about 4.8% in bovine milk (Csard & CsaPONE Kiss, 2009; Fox, 2011). The
decreased lactose levels observed in DSRM samples (Table 2) were most likely indicative of
compromised udder health, e.g., mastitis (Laczay, 2008; AuLbist, 2011; GEaRry et al., 2013).
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Table 2. Gross chemical composition and freezing point of directly sold and collected raw milk in Hungary (June
2013-February 2014)

Parameter tested Directly sold raw milk Collected raw milk
(n=360) (n=22 949)
Fat (%, w/w) 3.8+1.4 3.8+0.4
Protein (%, w/w) 3.3+0.3 3.3+0.2
Lactose (%, w/w) 4.5+0.5 4.7+0.1
Solids-not-fat (%, w/w) 8.5+£0.6 8.8+£0.2
Freezing point (°C) —0.517+0.036 —0.524+0.007

All values are arithmetic means + standard deviation

2.4. Solids-not-fat content

The price paid by the processor to the producer for raw milk is supposed to accurately reflect
the quantity and value of products that can be manufactured from it and, for this reason, SNF
content is an important element of many raw milk pricing systems (Emmons et al., 1990). In
the direct selling sector, however, no such systematic quality control and pricing schemes
exist. Half of the DSRM samples tested from June 2013 through February 2014 contained
less than or equal to 8.60% of SNF, whereas the large majority (i.e., 82.2%) of CRM samples
had SNF concentrations reaching or exceeding 8.61%, according to the official national raw
milk data referring to the same period (Table 1). The proportion of samples containing at least
9.21% of SNF was negligible in both groups. All things considered, the mean SNF content of
DSRM samples (85.0 g kg') was 3.4% lower than that of CRM samples (88.0 g kg™)
(Table 2).

2.5. Freezing point

The freezing point of raw milk is relatively constant, with breed, lactation stage, and season
influencing it to a slight degree only. Although somewhat larger variations may be expected
if cows are underfed or do not have free access to drinking water (BHANDARI & SINGH, 2011),
the freezing point test is widely used to detect the adulteration of milk by the addition of
water. A freezing point of —0.520 °C and below is generally accepted in Hungary as the
standard for unadulterated raw milk. The majority of samples in this study had freezing
points in the range of —0.521 °C to —0.530 °C in both groups of raw milk (Table 1). Extremely
high freezing points, i.e., —0.500 °C and above, were much more common in DSRM (11.7%)
than CRM (0.2%) samples. Besides the possible adulteration of DSRM with water, another
plausible explanation for this observation is the high percentage of low-lactose DSRM
samples (Table 1), because lactose, together with chloride, accounts for 65-75% of the
freezing point depression of milk (ByLunp, 1995; BuanDARI & SiNGH, 2011). Batches of
DSRM were also much more likely to contain low-freezing-point samples than were those of
CRM. The high percentage of extreme values (i.e., >—0.500 °C or <-0.536 °C) in DSRM
samples resulted in an increased standard deviation in this group compared to CRM, even
though a difference of only 0.007 °C (=0.517 °C vs. —0.524 °C) was observed in mean values
(Table 2).
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3. Conclusions

The Hungarian direct milk vendors involved in this 9-month study were found to sell raw
bovine milk with reduced levels of lactose and SNF and elevated freezing points, compared
to the official national raw milk data referring to the same period. The results presented here
underline the need for stricter regulations and control with respect to direct raw milk sales in
the country. Further investigations are needed to monitor the microbiological and hygienic
quality of DSRM, thereby determining the potential health risk posed by this product.
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