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ABSTRACT
Background: Bovine milk is a dietary staple in Ecuador and a major source of income for smallholder farmers. However,
milk distributed through informal markets often lacks adequate sanitary control and regulatory oversight, potentially

compromising its physicochemical quality and safety.

Objectives: This study aimed to evaluate the physicochemical quality, nutritional composition, somatic cell counts, and
presence of antibiotic residues in raw bovine milk sold through informal markets in the southern Ecuadorian provinces

of Azuay, Caiar, and Loja.
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Methods: A total of 358 raw milk samples were collected from informal retail points and analyzed for physicochemical
parameters, nutritional composition, somatic cell counts, and antibiotic residues using standardized laboratory methods.

Results were compared with Ecuadorian regulatory quality standards.

Results: Overall, 96.09% of the samples failed to comply with national quality standards. The highest non-compliance
rates were observed for lactose content (72.07%), titratable acidity (68.72%), pH (68.16%), and protein stability (43.3%),
suggesting inadequate hygienic practices and probable bacterial contamination. Additionally, 29.89% of samples
contained antibiotic residues above permissible limits, with sulfonamides and neomycin being the most frequently

detected compounds.

Novelty: This study provides comprehensive and up-to-date evidence on quality deficiencies and antibiotic
contamination in raw milk sold through informal markets in southern Ecuador, a sector with limited systematic

surveillance data.

Conclusion: The high prevalence of physicochemical non-compliance and antibiotic residues indicates that most raw milk
marketed informally in Azuay, Cafiar, and Loja is unsuitable for human consumption. These findings highlight the urgent
need to strengthen regulatory enforcement, improve hygienic practices at the production and distribution levels, and

promote responsible antimicrobial use in dairy systems.

Keywords: raw bovine milk; informal dairy markets; antibiotic residues; sulfonamides; neomycin; somatic cell count;

physicochemical quality; Ecuador (Azuay, Cafiar, Loja)
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INTRODUCTION

Cow’s milk is one of the most widely consumed foods
worldwide and is valued for its high nutritional density,
providing substantial amounts of high-quality proteins,
lipids, carbohydrates, vitamins, and essential minerals. It
also constitutes a foundational raw material for the dairy
industry, underpinning the manufacture of products such
as cheese, butter, and yogurt. Accordingly, ensuring that
milk meets stringent quality specifications and safety
standards is imperative for both public health and
industrial processing [1-3].

However, ensuring the quality and safety of milk is
not always feasible, particularly in developing regions
(e.g., Latin America, Asia, Africa), where the informal sale
of raw milk is widespread. This practice presents both
health and economic risks [4], as the lack of appropriate
oversight can lead to the sale of adulterated products
(e.g., diluted with water), contaminated with biological
agents (e.g., pathogenic microorganisms), and chemical
residues (e.g., antibiotics, pesticides, heavy metals),
rendering the milk unsafe for human consumption and
posing a significant public health concern [5-10].

Culturally, many individuals continue to prefer milk
that has not undergone industrial processing, believing it
is more affordable, nutritious, natural, and of superior
quality compared to pasteurized milk [11].

In Ecuador, the dairy sector represents a vital
component of the national economy, contributing
approximately 0.34% to the national GDP and generating
around 10% of employment nationwide. Daily milk
production is estimated at 5.3 million liters, of which 17%
originates from the southern provinces of Azuay, Cafiar,
and Loja. Specifically, Azuay produces approximately
455,885 liters/day (8.58% of national production), Cafiar
353,643 liters/day (6.66%), and Loja 102,609 liters/day
(1.93%) [12].

Despite efforts to regulate the dairy industry, over

50% of milk in Ecuador is sold through informal channels,
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bypassing standard quality controls and treatments,
thereby significantly compromising its safety and
nutritional quality, posing substantial public health risks
[13-16].

The minimum quality requirements for raw milk
intended for further processing are established by the
Ecuadorian Technical Standard (NTE) INEN 9 (INEN,
2012). This standard has been utilized in various local
studies to assess the quality of raw milk sold informally
across different provinces, revealing high variability in
compliance with quality parameters. Commonly, a large
percentage of samples fail to meet these standards,
indicating poor nutritional and hygienic quality [17-18].

In contrast, milk legally sold and processed by the
formal dairy industry consistently meets nutritional and
hygienic standards in accordance with national
regulations [19-20].

Given the importance of milk safety and the
widespread prevalence of informal markets in southern
Ecuador (Azuay, Cafar, and Loja), this study aimed to
evaluate the quality of raw bovine milk sold in these
markets. The analysis focused on physicochemical
properties, nutritional composition, hygienic quality
(somatic cell count), and the presence of antibiotic

residues in this widely consumed product.

MATERIALS AND METHODS

Study Design and Sampling: This cross-sectional study
was conducted between January 2024 and January 2025.
Raw milk samples sold informally were collected from the
provinces of Azuay, Cafiar, and Loja in southern Ecuador.
To obtain a representative sample for each province, a
stratified sampling method was applied by canton.
Accordingly, samples were collected from the cantons of
Chordeleg, Cuenca, Gualaceo, Paute, and Sigsig in Azuay
Province; Azogues, Biblian, Cafiar, and El Tambo in Cafar
Province; and Gonzanama, Loja, and Saraguro in Loja

Province.
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The following establishments were designated as
informal raw milk sale points: open-air markets,
municipal markets, butcher shops, fruit and vegetable
stores, restaurants, retail shops, motorized vehicles,
street vendors, and private households. This approach
resulted in the selection of 15 informal sale points in
Azuay, 12 in Cafiar, and 11 in Loja, with a 15-day interval
between collection rounds. In total, 358 raw milk samples

were collected for analysis.

Laboratory Analysis: Sample collection was conducted in
accordance with the Ecuadorian Technical Standard NTE
INEN ISO 707 [21]. Each milk sample was divided into two
containers: one without preservatives and the other with
bronopol  (2-bromo-2-nitropropane-1.3-diol) as a
preservative. A volume of 100 mL of raw milk was placed
in each container. Both containers were labeled with
alphanumeric codes and stored at 2—6 °C before being
transported to the Milk Quality Control Laboratory
located at the Uyumbicho Experimental Center of the
Central University of Ecuador. Samples were analyzed
within 72 hours of collection.

Milk composition parameters, including fat,
protein, lactose, total solids (TS), solids-not-fat (SNF), and
somatic cell count (SCC), were determined using the
automated COMBIFOSS™ system (FOSS, Denmark),
which integrates Fourier-transform infrared
spectroscopy (FTIR) for physicochemical components and
flow cytometry for SCC quantification. The FTIR method
is based on the absorption of infrared radiation at specific
wavelengths corresponding to molecular bonds (C—H, N—
H, O-H), allowing simultaneous multi-component
quantification through previously calibrated prediction
models. Calibration was performed using reference
standards traceable to ISO-compliant methods, and
instrument performance was verified daily using control
milk samples with known composition. SCC was
determined by flow cytometry after fluorescent staining

of cellular DNA, enabling discrimination and enumeration

FFS Page 163 of 176

of somatic cells based on light-scattering and
fluorescence-intensity parameters. Internal quality
control included duplicate analysis and routine
verification with control materials to ensure repeatability
and accuracy.

Relative density, freezing point depression, and
detection of added water were analyzed using a
LACTOSCAN automatic milk analyzer (Boeckel + Co GmbH
+ Co. KG, series SAP-CC-028608). Freezing-point
determination is based on cryoscopic analysis, which
measures the depression of the freezing temperature
relative to pure water. This parameter is a recognized
indicator of milk adulteration by water addition.
Calibration was performed according to the
manufacturer’s specifications using certified reference
solutions, and the results were interpreted in accordance
with national regulatory limits.

Titratable acidity was determined by volumetric
titration with standardized NaOH solution and expressed
as % lactic acid, following official dairy analytical
procedures. pH was measured using a calibrated digital
potentiometer (EON TRADING, Model PHT 004TA, Serial
SN HO0601659) with automatic temperature
compensation. The pH meter was calibrated daily using
buffer solutions (pH 4.00 and 7.00), ensuring analytical
reliability.

Protein stability was evaluated using the alcohol
stability test at 68% ethanol concentration, following the
procedure established in Ecuadorian Standard INEN
9:2011 for raw milk quality assessment. This qualitative
assay assesses the physicochemical stability of casein
micelles under ethanol-induced stress and is commonly
used as an indicator of milk freshness and mineral

balance.

The presence of antibiotic residues was screened
using commercial rapid immunochromatographic test
strips (AMINO 3IN1 and 3IN1 BTS, Shenzhen Bioeasy

Biotechnology Inc., Guangdong, China). These tests are
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based on competitive lateral flow immunoassay
principles for the qualitative detection of B-lactams,
tetracyclines, and sulfonamides. Assays were conducted
according to the manufacturer’s instructions, including
the use of positive and negative control samples.
Detection limits are equal to or below the maximum
residue limits (MRLs) established by international

standards.

Analytical Limitations and Validation Strategy: All
analytical procedures were conducted in accordance
with the Ecuadorian Technical Standards, including NTE
INEN 1SO 707 for milk sampling and INEN (2011) for
alcohol stability testing, which are harmonized with
internationally recognized ISO methodologies. The
analytical platforms used (COMBIFOSS®, LACTOSCANE®,
calibrated pH meter, and Bioeasy rapid test kits) are
widely applied in routine dairy quality control and
regulatory monitoring. While we did not use more
specific confirmatory methods to ensure reliability, all
instruments were operated according to manufacturer
specifications, routine calibration procedures were
applied, and analyses were conducted under
standardized laboratory conditions at an accredited
institutional facility. The use of officially recognized
regulatory methods strengthens comparability with
national monitoring programs and international dairy
quality assessment frameworks. Despite the inherent
limitations of screen-based methodologies and cross-
sectional sampling, the analytical approach employed
provides strong evidence for regulatory compliance
evaluation and public health risk assessment.

Statistical analysis: Laboratory results were
organized in a Microsoft Excel spreadsheet, version

16.95.1-2025. Statistical analysis was performed using R
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statistical software (RCran, version 1.2.5019) and the
RStudio platform (RStudio Inc., Boston, MA, USA, version
1.2.5019).

To determine compliance with the quality
parameters established by the NTE INEN 9 standard, the
number of milk samples within the reference values was
divided by the total number of samples analyzed in each
province. This calculation was expressed as a percentage
and applied to all physicochemical, nutritional, hygienic
quality, and antibiotic-residue parameters. In addition,
the mean, minimum, and maximum values were
calculated for numerical parameters, including added
water, cryoscopic point, pH, titratable acidity, relative
density, SCC, protein percentage, fat, SNF, TS, and
lactose. For protein stability and antibiotic residues,
which are qualitative in nature, absolute and relative
frequencies were calculated.

To determine whether milk quality differed across
provinces of origin, two statistical tests were applied
depending on the data type, using a significance level of
5%. For numerical parameters, normality was assessed
using the Kolmogorov-Smirnov test (p-value < 0.000 for
all parameters). Since the data did not follow normal
distribution, the non-parametric Kruskal-Wallis test was
used, followed by Dunn’s post hoc test with Bonferroni
correction. For qualitative parameters, the Chi-square
test was used to assess whether there was an association
between protein stability and the presence of antibiotic

residues across different provinces.

RESULTS

In total, 358 raw milk samples were analyzed from the
provinces of Azuay, Cafiar, and Loja, of which 96.09% did
not comply with at least one of the analyzed milk quality

parameters (Table 1).
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Table 1: Descriptive statistics and regulatory compliance of raw milk quality parameters based on NTE INEN 9 in southern

Ecuador (Azuay, Cafar, and Loja; N = 358).

Parameter Reference values Minimum Value
NTE INEN 9
Relative density (g/ml) 1.028 —1.033 1.017
Titrable acidity (°D) 13-17 3.80
pH 6.6-6.8 4.47
Fat (%) Min. 3.2 0.02
Crude protein (%) Min. 2.9 2.02
Total solids (%) Min. 11.2 7.98
Non-fat solids (%) Min. 8.2 5.67
Lactose (%) Min 4.8 2.76
Added water (%) 0.00 0.00
Freezing point (°C) -0.536 a-0.512 -0.7590
Somatic cells (CS/ml) Mdx. 700000 2000
Protein stability Negativo -
Antibiotic residues DT -

*MRL Maximum Residue Limit

The parameters with the highest percentage of non-
compliance were lactose content at 72.07% (258/358),
titratable acidity at 68.72% (246/358), pH at 68.16%
(244/358), freezing point at 65.64% (235/358), and
protein stability at 43.3% (155/358). Additionally, 29.89%
(107/358) of the samples tested positive for antibiotic
residues, exceeding the Codex Alimentarius maximum

limits (Table 1).

Maximum Value  Mean Comply N (%) Does not comply N (%)
1,.55 1.029 255 (71.23) 103 (28.77)
63.00 18.89 112 (31.28) 246 (68.72)
7.32 6.33 114 (31.84) 244 (68.16)
17.54 3.41 247 (68.99) 111 (31.01)
6.41 3.18 284 (79.33) 74 (20.67)
25.05 11.96 263 (73.46) 95 (26.54)
13.69 8.56 289 (80.73) 69 (19.27)
6.37 4.62 100 (27.93) 258 (72.07)
34.61 2.18 254 (70.95) 104 (29.05)
-0.3400 -0.532 123 (34.36) 235 (65.64)
8900000 386466 321 (89.66) 37 (10.34)
- - 203 (56.70) 155 (43.30)
- - 250 (70.11) 107 (29.89)

Regarding compliance with raw milk quality
parameters by province, generally low percentages were
observed: 5.21% in Loja (5/84), 4.49% in Azuay (8/178),
and 1.04% in Cafiar (1/96). Table 2 presents the
percentage of compliance and non-compliance for each

evaluated parameter according to the NTE INEN 9

standard, disaggregated by province.

Table 2: Descriptive statistics, regulatory compliance, and statistical comparison of raw milk quality parameters among

provinces of southern Ecuador: Azuay (N = 78), Cafar (N = 96), and Loja (N = 84).

Parameter Referencial value Province Minimum
NTE INEN 9 Value
Relative density 1.028 —1.033 Cafiar 1.019
(g/ml) Azuay 1.017
Loja 1.019
Titrable acidity 13-17 Cafiar 7.8
(°D) Azuay 3.8
Loja 5.1
pH 6.6 -6.8 Cafiar 4.65
Azuay 4.47
Loja 5.4
Fat (%) Min. 3.2 Cafiar 2.32
Azuay 0.20

Maximum Mean Comply N (%) Does not pvalue
Value comply N (%)

1.033 1.029 72/96 (75.00) 24/96 (25.00) <0.0001
1.040 1.030 127/178 (71.35) 51/178 (28.65

1.055 1.029 56/84 (66.67) 28/84 (33.33)

62 18.78 20/96 (20.83) 76/96 (79.17) 0.41

63 19.58 59/178 (33.15) 119/178 (66.85)

38 17.59 51/84 (60.71) 33/84 (39.29)

7.32 6.38 20/96 (20.83) 76/96 (79.17) 0.016
7.18 6.20 61/178 (34.27) 117/178 (65.73)

7.31 6.52 52/84 (61.90) 32/84 (38.10)

5.37 3.52 84/96 (87.50) 12/96 (12,50) 0.11
17.54 3.38 113/178 (63.48) 65/178 (36,52)


https://www.ffhdj.com/

Functional Food Science. 2026; 6(3): 160 — 176

Parameter Referencial value Province Minimum
NTE INEN 9 Value
Loja 1.07
Crude  protein  Min. 2.9 Cafiar 2.02
(%) Azuay 2.12
Loja 2.16
Total solids (%) Min. 11.2 Cafiar 7.98
Azuay 8.9
Loja 8.86
Non-fat  solids  Min. 8.2 Cafiar 6.56
(%) Azuay 6.87
Loja 6.31
Lactose (%) Min 4.8 Cafar 3.00
Azuay 3.62
Loja 2.76
Added water (%) O Cafar 0.00
Azuay 0.00
Loja 0.00
Freezing point -0.536a-0.512 Cafar -0.61
(°C) Azuay -0.759
Loja -0.641
Somatic cells  Max. 700000 Cafiar 10000
(CS/ml) Azuay 2000
Loja 2000
Protein stability Negativo Cafiar -
Azuay -
Loja @
Antibiotic MRL" Cafiar -
residues Azuay -
Loja -

*MRL Maximum Residue Limit

Overall, the relative density of raw milk samples
ranged from 1.017 to 1.055 g/ml, with a mean of 1.029
g/ml. A statistically significant difference was found
between provinces (p < 0.0001), where samples from
Loja showed the highest density (1.055 g/ml) and those
from Azuay the lowest (1.017 g/ml) (Table 2). For freezing
point, 65.64% (235/358) of the samples did not meet NTE
INEN 9 requirements, while 34.36% (123/358) were
within the permissible range. Similarly, 29.05% (104/358)

of samples comprised added water, with an average level
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Maximum Mean Comply N (%) Does not pvalue
Value comply N (%)
7.25 3.35 50/84 (59.52) 34/84 (40,48)
441 3.17 82/96 (85.42) 14/96 (14,58) 0.56
6.41 3.19 143/178 (80.34) 35/178 (19,66)
5.18 3.18 59/84 (70.24) 25/84 (29,76)
14.06 12.02 80/96 (83.33) 16/96 (16.67) 0.34
25.05 11.99 126/178 (70.79) 52/178 (29.21)
16.58 11.82 57/84 (67.86) 27/84 (32.14)
9.92 8.50 74/96 (77.08) 22/96 (22.92) 0.07
13.6 8.63 154/178 (86.52) 24/178 (13.48)
10.13 8.47 61/84 (72.62) 23/84 (27.38)
5.09 4.58 15/96 (15.63) 81/96 (84.38) 0.003
6.37 4.68 60/178 (33.71) 118/178 (66.29)
5.28 4.53 25/84 (29.76) 59/84 (70.24)
34.61 1.72 71/96 (73.96) 25/96 (26.04) 0.02
24.42 1.54 132/178 (74.16) 46/178 (25.84)
33.46 4.09 51/84 (60.71) 33/84 (39.29)
-0.34 -0.530 36/96 (37.50) 60/96 (62.50) 0.14
-0.389 -0.536 54/178 (30.34) 124/178 (69.66)
-0.346 -0.524 33/84 (39.29) 51/84 (60.71)
1939000 268468.75 92/96 (95.83) 4/96 (4.17) 0.003
8064000 368224.72 159/178 (89.33) 19/178 (10.67)
8900000 559976.19 70/84 (83.33) 14/84 (16.67)
- - 50/96 (52.08) 46/96 (47.92) <0.0001
- - 102/178 (57.30) 76/178 (42.70)
- - 51/84 (60.71) 33/84 (39.29)
= = 68/96 (70.83%) 28/96 (29.17) <0.0001
- - 141/178 37/178 (20.79)

(79.21%)

- - 42/84 (50.00%) 42/84 (50.00)

of 2.18%. Significant differences were found between
provinces (p = 0.02211), particularly between Azuay and
Loja, while no significant differences were observed in
freezing point (p = 0.1403).

The pH of the samples ranged from 4.47 to 7.32,
with a mean of 6.33, below the reference range of 6.6—
6.8 (Table 1). Samples from Loja had the highest mean pH
(6.52), significantly higher than those from Cafiar and
Azuay (p = 0.01566) (Table 2). Titratable acidity ranged
from 3.8 to 63 °D, with a mean of 18.89 °D. Overall,
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68.72% (246/358) of samples failed to comply with the
reference range of 13-17 °D (Table 1). Small differences
in mean titratable acidity were observed among
provinces, but these were not significant (p = 0.4112).
Protein stability testing showed that 43.30% (155/358) of
samples curdled under the 68% alcohol test (Table 1).
Significant provincial differences were found (p <
0.0001), with Cafiar showing the highest non-compliance
rate at 47.92% (Table 2).

SCCs ranged from 2,000 to 8,900,000 cells/ml, with
a mean of 386,466 cells/ml. Ecuadorian regulations allow
up to 700,000 cells/ml, whereas international standards
set stricter limits between 200,000 and 400,000 cells/ml.
Results showed that 10.34% (37/358) of samples
exceeded the national limit, suggesting the presence of
mastitis in dairy herds. Statistically significant differences
were observed (p = 0.002558) between Azuay differing
from Cafar and Loja.

Milk lipid content ranged from 0.02% to 17.54%,
with a mean of 3.41%. According to NTE INEN 9, the
minimum required content is 3%; 68.99% (247/358) of
samples met this requirement, while 31.01% (111/358)
did not, likely due to low-fat content, partial skimming,
or dilution with water. No significant differences
were found between provinces (p = 0.1095) (Table 1).
Crude protein content ranged from 2.02% to 6.41%,
with a mean of 3.18%. The Ecuadorian regulation
requires a minimum of 2.9%; only 79.33% (284/358)
of samples complied, whereas 20.67% (74/358)
did not. No significant differences were detected
among provinces (p = 0.5642).

For lactose, while NTE INEN 9 does not specify a
regulatory range, international standards suggest a
minimum of 4.8%. Results showed that 72.07% (258/358)
of samples had lower lactose levels, potentially indicating
bacterial degradation due to poor storage conditions,
while 27.93% (100/358) met the expected threshold.

Statistically significant differences were found (p =
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0.002578), with Azuay differing from Cafiar and Loja
(Table 1). TS ranged from 7.98% to 25.05%, with a mean
of 11.96%. The Ecuadorian standard requires a minimum
of 11.2%; 73.46% (263/358) of samples complied, while
26.54% (95/358) did not. SNF ranged from 5.67% to
13.69%, with a mean of 8.56%. Given the minimum
requirement of 8.2%, 80.73% (289/358) of samples
complied, while 19.27% (69/358) did not. Statistical
analysis revealed no significant differences in TS (p =
0.3411) or SNF (p = 0.07129).

Antibiotic residues were detected in 29.89%
(107/358) of samples, exceeding Codex Alimentarius
limits, with significant differences among provinces (p <
0.0001). Of the 107 non-compliant samples, 39.25%
(42/107) were from Loja, 34.58% (37/107) from Azuay,
and 26.17% (28/107) from Cafiar. Regarding antibiotic
families, sulfonamides alone were the most frequently
detected (42.06%, 45/107), followed by neomycin
(15.89%, 17/107), sulfonamides combined with
neomycin (8.41%, 9/107), streptomycin alone (4.67%,
5/107), beta-lactams with sulfonamides, gentamicin, and
neomycin (4.67%, 5/107), gentamicin alone (3.74%,
4/107), and sulfonamides with streptomycin,
streptomycin with tetracyclines, beta-lactams with
sulfonamides, beta-lactams with sulfonamides and
gentamicin (2.80%, 3/107 each). Finally, 0.93% (1/107) of
samples contained combinations of sulfonamides,

tetracyclines, neomycin, and gentamicin.

DISCUSSION

In this study, 358 raw milk samples were collected from
informal markets in the provinces of Azuay, Caifar, and
Loja between January 2024 and January 2025. The
present study revealed a very high overall prevalence of
non-compliance (96.09%), indicating widespread lack of
quality in raw milk sold informally in southern Ecuador.
Particularly concerning was the 29.89% prevalence of
antibiotic residues exceeding Codex limits, alongside

widespread physicochemical alterations (lactose 72.07%,
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titratable acidity 68.72%, pH 68.16%, freezing point
65.64%). The prevalence of added water (29.05%) further
suggests economically motivated adulteration or post-
harvest handling deficiencies. Similar high prevalence
rates of non-compliance in informal dairy chains have
been reported in Latin America and Sub-Saharan Africa,
where weak cold-chain infrastructure and limited
veterinary oversight are common determinants [22-23].
From a public health perspective, the prevalence of
antimicrobial residues observed in this study is
substantially higher than that reported in regulated dairy
supply chains in high-income countries (<5%), indicating
significant gaps in compliance with withdrawal periods
and surveillance systems [24].

The results of this study are consistent with findings
from other investigations on informal raw milk in
different Ecuadorian provinces. For example, in
Pichincha, 94.31% of informally sold milk samples failed
to meet at least one quality parameter [15]. Similarly, in
Manabi and Santo Domingo de los Tsachilas, 87.68% of
samples were non-compliant [25]. In Imbabura and
Carchi, 80.07% (217/271) of samples did not meet NTE
INEN 9 standards [26-27]. Comparable issues have been
reported in southeastern Mexico, where none of the
informally sold raw milk samples were deemed suitable
for consumption under local regulations [28].

In the present study, 28.77% of samples showed
relative density values outside the acceptable quality
range (1.028-1.033 g/ml); 29.05% were adulterated with
added water, and 65.64% had freezing point values
outside the established range (-0.536 to -0.512 °C).
Similar findings were reported in Imbabura and Carchi,
where 31% of samples were outside the density
reference range, and 16.61% contained added water [26-
27]. In Manabi and Santo Domingo de los Tsachilas,
28.82% of samples were adulterated with water and
43.35% showed altered density values [25]. In Pichincha,

26% of samples failed to meet the density requirement
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[15]. In Africa, similar problems have been observed, with
water adulteration present in 25% of milk samples in
Kenya [29], whereas in the Andean region of Peru, the
prevalence was considerably lower, under 3% [30].
Water addition decreases milk density and is a common
practice in informal markets to increase sales volume,
thereby reducing nutritional value and posing health risks
when contaminated water is used. Conversely, density
may increase when milk is skimmed or adulterated with
added solids [9,31-32].

Titratable acidity and pH showed the highest levels
of non-compliance, with 68.72% and 68.16% of samples,
respectively. These findings are similar to those in
Manabi and Santo Domingo de los Tsachilas, where
72.41% and 68.72% of samples failed pH and acidity
requirements [25]. In Pichincha, 72.77% of samples
exceeded the national limits for pH and acidity [15], while
in Imbabura and Carchi, 70.48% and 58.30% of samples,
respectively, were non-compliant [26-27]. Similar results
have been documented in raw milk from Peru’s inter-
Andean region, where hygienic quality was notably poor
[30]. High acidity and low pH are associated with bacterial
proliferation due to inadequate milk handling, such as a
lack of refrigeration and prolonged storage before
consumption. Bacteria ferment lactose into lactic acid,
lowering pH and increasing acidity, thereby altering
sensory properties like taste and odor [33-34]. Such
conditions pose consumer risks, as contaminated milk
may harbor pathogenic bacteria such as Escherichia coli,
Salmonella spp., or Listeria monocytogenes [14,35-39].

This study also revealed the poor nutritional quality
of raw milk sold informally in Azuay, Cafiar, and Loja. Of
all samples analyzed, 31.01% failed to meet fat content
requirements, 20.67% protein, 26.54% TS, 19.27% SNF,
and 72.07% lactose. These results suggest adulteration
and poor nutritional quality, consistent with prior
research in Manabi-Santo Domingo [25], Imbabura—

Carchi [26-27], and Pichincha [15]. By contrast, higher
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compliance with nutritional quality standards has been
reported in dairy farms in the Peruvian Andes [30].

SCC is a key indicator of udder health, with values
above 200,000 cells/ml suggesting subclinical or clinical
mastitis [40]. Ecuadorian regulations, however, allow up
to 700,000 cells/ml. In this study, 10.34% of samples
exceeded the national limit. By comparison, in informal
milk markets from S3o Paulo, Brazil, 77% of samples
exceeded the local legal threshold of 600,000 cells/ml
[41]. These results indicate that cows supplying informal
markets are likely affected by mastitis, a disease that
causes significant economic losses due to reduced milk
yield, compromises animal welfare [42-44], and
degrades milk nutritional quality [45].

One of the most concerning findings of this study
was the high proportion of samples positive for antibiotic
residues. In total, 29.89% of samples contained
sulfonamides and aminoglycosides (e.g., neomycin). This
figure is comparable to Pichincha (28.46%) [15] but much
higher than Manabi—Santo Domingo (6.40%) [25] and
Carchi-Imbabura (2.82%) [26-27]. These findings suggest
inappropriate antibiotic use in Ecuadorian dairy
production. In neighboring Peru, 37.5% of milk samples
contained residues, mainly tetracyclines, beta-lactams,
and cephalexins [30], while in milk sold informally in Sdo
Paulo, Brazil, the prevalence was 59% [41]. This is also
supported by surveys in rural Peru, where over 75% of
producers reported selling milk from cows under
antimicrobial treatment without discarding it [46].
Similarly, in  Antioquia,  Colombia, antibiotic-
contaminated milk was fed to calves, used in dairy
processing, or sold informally [47]. In Kenya, 18.4% of
informal milk samples contained antibiotic residues [29].

The presence of antibiotic residues in milk leads to
economic losses for the dairy industry, as contaminated
milk must be discarded, and it inhibits the activity of
cultures in fermented dairy products [48]. More

importantly, it poses a major public health risk by causing
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allergic reactions in sensitive individuals, disrupting gut
microbiota in children and immunocompromised
populations, and contributing to the emergence of
antimicrobial resistance (AMR). AMR is a growing global
health crisis, driven by the selection of resistant bacterial
strains, making infections increasingly difficult to treat
[49-53]. Implementing strict withdrawal periods for
treated cows and routine testing of milk for residues
would help mitigate these risks. This is especially critical
in Ecuador, where sulfonamides are among the most
widely used antibiotics in dairy herds, explaining their

frequent detection in raw milk [15,18].

Functional Food Perspective

Physicochemical Alterations and Loss of Functionality:
The high percentages of non-compliance in lactose
(72.07%), titratable acidity (68.72%), pH (68.16%), and
freezing point (65.64%) suggest microbial spoilage and
adulteration practices, such as the addition of water
(29.05%). From the perspective of milk as a functional
food, these alterations compromise its biological value,
since milk’s functionality depends not only on its basic
nutritional composition but also on the structural
integrity of proteins, lipids, and carbohydrates, which can
be affected by variations in pH and microbial activity [54-
55]. Consequently, changes in the milk’s titratable acidity
can destabilize casein micelles and affect protein

bioavailability [56-57].

Protein Bioavailability and Structural Stability: Although
79.33% of the samples met the minimum crude protein
requirement established by Ecuadorian regulations,
43.30% exhibited protein instability in the 68% alcohol
test, indicating alterations in the casein fraction and
possible enzymatic or bacterial activity. Protein
destabilization affects digestibility and the release of
bioactive peptides, reducing the functional potential
associated with the

antihypertensive,

immunomodulatory, and antioxidant effects described
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for milk proteins [54,58-59]. Furthermore, dilution with
water reduces the nutrient density per unit volume,
directly impacting the supply of essential amino acids,
particularly in vulnerable populations where milk is a

primary source of high-biological-value protein [60-62]

Lactose Metabolism and Digestive Consequences: The
average pH (6.33), lower than the normal physiological
range (6.6—6.8), and the elevated titratable acidity values
(mean 18.89 °D) suggest partial fermentation. Bacterial
hydrolysis of lactose produces lactic acid, altering the
food’s sensory and digestive profile. Although controlled
fermentation can improve tolerance in individuals with
hypolactasia, in contaminated raw milk, this process is
uncontrolled and can lead to pathogen proliferation [63—
65]. Furthermore, the reduction in lactose content can
impair calcium absorption, as this disaccharide facilitates
its intestinal bioavailability, compromising one of the

main functional benefits of milk [57,66].

Antibiotic Residues and Functional Risk: Detection of
antibiotic residues in 29.89% of the samples, exceeding
Codex Alimentarius limits, is of high public health
relevance. The presence of sulfonamides,
aminoglycosides, and B-lactams not only poses a risk of
hypersensitivity reactions but also contributes to the
development of antimicrobial resistance, a global health
threat [13,24,67]. From a functional perspective,
antimicrobial residues can alter the consumer's gut
microbiota and negatively affect digestive and metabolic
processes [68—70]. Bacteria such as Lactobacillus are
known to play a fundamental role in the public health of
consumers and therefore in food safety, due to their
ability to grow and thrive in diverse environments;
research on their role in antibiotic resistance is necessary
[71]. Furthermore, they interfere with industrial
fermentation, inhibiting starter cultures in products such

as yogurt and cheese, thus compromising the viability of

functional dairy foods with probiotics [57,69].
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Relevance to Functional Food Safety: While parameters
such as fat, TS, and SNF did not show relatively high
compliance rates, the high prevalence of alterations in
other key indicators demonstrates that informal milk
does not guarantee the minimum safety and quality
standards required to maintain its functional character,
since modern food safety is not limited to caloric
availability but also incorporates dimensions of
nutritional quality and chemical and microbiological
safety [22]. However, the changes that may have
occurred in the biochemical substances (alkaline
phosphatase, lactoperoxidase, furosine and lactoferrin)
which are considered important biochemical substances
as markers for proper milk pasteurization are unknown
[72]. In this context, the high level of non-compliance
observed compromises not only the immediate health of
the consumer but also the metabolic and preventive
benefits traditionally attributed to milk as a functional

food [73-75].

Identification of Associated Risk Factors: Based on the
observed data and existing scientific evidence, several
potential risk factors may explain the high prevalence of
non-compliance: Inadequate  mastitis treatment,
because the presence of antibiotic residues, particularly
sulfonamides and aminoglycosides, suggests improper
therapeutic use and failure to respect withdrawal
periods. Elevated SCCs in 10.34% of samples indicate
mastitis as a probable driver of antimicrobial usage [76].
Deficient cold-chain and storage practices, since low
lactose levels and elevated acidity are consistent with
uncontrolled bacterial fermentation during transport and
storage; in informal systems, milk is frequently marketed
without refrigeration, increasing microbial proliferation
and acidification [72]. Economically motivated
adulteration, where freezing point depression and
reduced density values are typical indicators of water
addition. Adulteration reduces nutritional density and

may mask spoilage [77]. Limited regulatory oversight in
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informal markets, as informal marketing channels often
operate outside systematic quality monitoring
frameworks, increasing the likelihood of chemical and

microbiological hazards [22].

Potential Consumer Health Risks: The findings suggest
multiple levels of risk. For example, in the case of
antimicrobial resistance (AMR), chronic exposure to
subtherapeutic antibiotic residues can contribute to its
development, which is recognized worldwide as a major
health threat [13,24]. Microbiological risks are also
present, as altered pH and high acidity indicate microbial
activity, which could include pathogenic organisms such
as Listeria monocytogenes, Salmonella spp., and
Escherichia coli 0157:H7, commonly associated with raw
milk consumption [14,37-38,72]. Functional and
metabolic consequences are another concern, as
alterations in protein stability and lactose levels can
reduce digestibility and affect calcium bioavailability,
compromising milk's functional properties as a nutrient-
rich food [78]. Allergic and hypersensitivity reactions are
a concern, as PB-lactam residues, even at low
concentrations, can trigger hypersensitivity reactions in
susceptible individuals [70]. Together, these risks go
beyond acute foodborne illnesses, affecting long-term
metabolic health and undermining milk’s role as a
functional food. This is even true in certain informally
produced fermented milks, where hygiene and
temperature are not controlled during product
manufacturing, thus increasing the risk of microbial

contamination and compromising product safety [79].

CONCLUSION

Altogether, the results suggest that the informal trade of
raw milk in southern Ecuador (Azuay, Cafiar, and Loja)
represents a significant risk to functional food security by
compromising the nutritional integrity, bioavailability of
its components, and the chemical safety of the product.

In this study, 96.09% of the samples analyzed failed to
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comply with at least one of the reference values
established in NTE INEN 9, particularly for titratable
acidity, lactose content, and protein stability.
Additionally, 29.89% of the samples contained antibiotic
residues, representing a potential source for the
dissemination of antimicrobial-resistant pathogens and a
serious threat to consumer health. Non-compliance with
the standard suggests inadequate hygiene practices,
insufficient refrigeration, prolonged storage, and
inappropriate antibiotic use in dairy production.
Addressing this issue requires One Health—based
strategies, including stricter regulatory policies, routine
testing for antibiotic residues, and comprehensive

educational programs for dairy producers.

Abbreviations: Ecuadorian Technical Standard, NTE;
Fourier-transform infrared spectroscopy, FTIR; Solids-
non-fat, SNF; Somatic cell county, SCC; Total solids, TS;

MRL, Maximum Residue Limit
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