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ABSTRACT: This study aimed to use ultrasound spectroscopy for the determination of the physical-chemical characteristics of buffalo
milk and compare it to theinfrared method. Levels of fat, protein, lactose and non-fat solids (NFS) were determined in milk samples of 22
buffaloes (n = 383) with initial milk production of 6.97 + 1.55 litres. The respective average results for the fat, protein, lactose and NFS of the
individual samples were 6.31%, 3.81%, 4.99% and 9.75% for the infrared method-PO ANA 009 and 7.16%, 2.5%, 6.28% and 9.41% using
ultrasound spectroscopy. There were significant differences (P<0.0001) in the levels of all of the components analysed between the two methods
studied. Results obtained in the analyses using the ultrasonic milk analyser (Ekomilk Total®) were different from those obtained by the infrared
method-PO ANA 009 (ESALQ), but they showed a high positive correlation for fat (r =0.84108, P<0.0001), moderate correlation for NFS(r=
0.71284 P = 0.0022), low correlation for lactose (r= 0.32197; P<0.0001) and the absence of correlation for protein(r= -0.00284, P<0.0001).
Therefore, ultrasound spectroscopy can be used forthe determination of fat. For the other constituents of buffalo milk, in order to use the
ultrasonic analyser, it is suggested that further studies should be conducted for technical and methodological adjustments.
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Espectroscopia de ultrassom como método alternativo para a determinacido das caracteristicas
fisico-quimicas do leite de bufalas

RESUMO: Objetivou-se com este trabalho o uso da espectroscopia de ultrassom para a determinagdo das caracteristicas fisico-quimicas do
leite de bufalas frente ao métodoinfravermelho. As caracteristicas de gordura, proteina, lactose e estrato seco desengordurado (ESD) foram
determinadas em amostras de leite de 22 bufalas (n=383) com producao inicial de leite 6,97+1,55 litros. A média dos resultados para gordura,
proteina, lactose e ESD das amostras individuais foram, respectivamente, 6,31%, 3,81%, 4,99% e 9,75% para o método infravermelho-PO
ANA 009 e 7,16%, 2,5%, 6,28% e 9,41%, usando-se espectroscopia de ultrassom. Houve diferenga significativa (P<0,0001) entre os teores
de todos os componentes analisados entre os dois métodos estudados. Os resultados obtidos nas andlises com o método utilizando analisador
ultrassonico de leite (Ekomilk Total®) foram diferentes daqueles feitos por infravermelho-PO ANA 009 (ESALQ), porém, apresentaram
correlagdo positiva alta para gordura (v = 0,84108; P<0,0001), moderada para ESD (r = 0,71284; P= 0,0022), baixa para lactose (r =
0,32197; P<0,0001) e ausente para proteina (v = -0,00284,; P <0,0001), podendo, portanto, ser utilizado para determinagdo de gordura. Para
os demais constituintes do leite de bufalas sugere-se, que para a utilizag¢do do analisador ultrassonico, mais estudos para ajustes técnicos e
metodologicos sejam feitos.

Palavras-chave: Bubalinos, composi¢do do leite, gordura, proteina, infravermelho.

INTRODUCTION of Laboratories for Milk Quality Control. Such methods
include the infrared method-PO ANA 009 (BRASIL,

The quality of milk can be determined by 2006). Although, easy to carry out, official tests often
physical,chemical, microbiological andsensoryanalysesas require specific forms of preservation and expensive
well as hygiene tests. For this purpose, there are several analytical reagents and can be timeconsuming depending
official methods available, as determined by the current on the distance between the farm and the accredited

' legislation, which are performed by the Brazilian Network laboratory (GONCALVES, 2014).
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A method that is increasingly applied in
the industry for the analysis and modification of food
is ultrasound spectroscopy, which is based on the
principle of sound absorption changing the frequency
of the sample particles. It presents advantages over
the traditional methods as it precludes the need
forthe preparation of the samples, uses minimum
volumes of the samples in a non-destructive way,
precluding the need to use specific chemical reagents
or glassware and produces results in only a few
minutes (PONSANO et al., 2007). It has already been
demonstrated in cattle that it is possible to determine
the constituents of milk, both at the farm and at the
dairy fair, allowing problems to be solved that require
an immediate decision or to define the industrial
destination of raw material (PINTO et al., 2008).

Despite the advantages ofultrasound spec-
troscopyas an alternative technique for the evaluation
of milk constituents, it is worth mentioning that both
the calibration tests of the devices and the compara-
tive studies between the techniques were performed
only using bovine milk (PONSANO et al., 2007;
PINTO et al., 2008), and there is no study in the lit-
erature comparing them in buffalo milk, which has
a different composition from that of bovine milk
(AMARAL et al., 2005). Thus, the need for studies to
develop automated analytical procedures, which are
quick, accurate and of lower cost, for the analysis of
the constituents of buffalo milk is evident.

Therefore, theaim of the present study was
tocompare the physical-chemical parameters of buf-
falo milk obtained by the infrared method-PO ANA
009as well as an ultrasonic milk analyser (EKOMILK
total®, Eon Trading LLC, Bulgaria) and to identify
which buffalo milk constituents may be determined
using ultrasound spectroscopy.

MATERIALS AND METHODS

The experiment was conducted at a farm
located in the municipality of Moju (1°54°14.33”S;
48°46°07.53”W), a mesoregion of the northeastern
region of Parastate, Brazil. The climate of the region
is characterized as Ami (hot and humid) according
to the Koppen-Geiger climate classification, with
an annual average temperature between 25 and
27°C and annual precipitation between 2,000 and
3,000 mm/m? with an irregular distribution. The
relative air humidity is approximately of 85%
(SILVA et al., 2001).

Individual milk samples were collected
for 11 weeks (n = 383) from 22 adult buffaloes of
similar genetic groups, mostly Murrah (Bubalus

bubalis) or crossbred (with genetic predominance
of theMurrah breed) lactating buffalos. All buffaloes
were multiparous with a mean of 66 + 1.74 days
in lactation (DIL) anda production of 6.97 + 1.55
litres of milk per day at the beginning of the study.
Animals were kept under a rotational stocking system
on Urochloa (Brachiaria) humidicola, Urochloa
(Brachiaria) brizantha and Panicum maximum cv.
Mombasa pastures, receiving water and mineral
salt ad libitum.In addition to pastures, the lactating
buffaloes received 1.0kg of feed/day, composed of
30.61% murumuru cake (Astrocaryum murumuru),
61.29% maize meal (Zea mays),3.1% mineral mix and
5% urea. Thebromatological composition of the diet
was 93.02% dry matter (DM), 8.41%mineral matter
(%), 18.17%crude protein (CP), 3.15%etherextract
(EE), 23.9% neutral detergent fibre (NDF) and
10.96% acid detergent fibre (FDA), with results
obtained using the methodology described by SILVA
& QUEIROZ (2002).

The buftaloes were milked manually twice
a day with an average interval of 12 hours between
milking. The control of milk production was carried
out weekly, with complete emptying of the udder 12
hours beforeat the intervals of 63-70; 70-77; 77-84;
84-91; 91-98; 98-105; 105-112; 112-119; 119-126;
133-140; and 147-154 days in lactation. On the same
day of the milk control, always at the end of each
milking and after the homogenization of the total
milk, the samples were collected to determine the
physical-chemical composition of the milk for the
comparison between the analysis methods.

Of the total milked milk, aliquots of the
sample wereplaced in sterile (labelled) 50 mL vials
containing microtablets of bronopol-based preser-
vatives and stored in thermal boxes containing ice
packs. Samples were then sent to the Luis de Queiroz
College of Agriculture (ESALQ/USP), in Piracicaba-
Sao Paulo State, accredited by the Brazilian Network
for Milk Quality Control of the Ministry of Livestock
and Food Supply (RBQL/MAPA),for the determina-
tion of fat, protein, lactose and non-fat solids (NFS)
by the infrared method-PO ANA 009 according to the
collection, preservation and evaluation recommenda-
tions of the laboratory.

Other aliquots of the milk sample were-
placed in sterile (labelled) preservative-free 75 mL
bottles and stored in thermal boxes containing ice
packs. Within a maximum of 24 hours, these samples
were analysed in the food analysis laboratory of the
Federal Rural University of the Amazon-Ufra (Belém-
Parastate) for the determination of fat, protein, lactose
and NFS using ultrasound spectroscopy(EKOMILK
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total®, Eon Trading LLC, Bulgaria) following the
manufacturer’s recommendations.

The descriptive statistics of the data,
represented by the means, standard error of
the means (SEMs) and the minimum as well as
maximum values for each variable were obtained
through the MEANSprocedure of SAS version
9.3 (SAS/STAT, SAS Institute Inc., Cary, NC).
Comparison between the means of the groups
was performed by analysis of variance (ANOVA)
using the LSMeans (Least Square Means)/PDIFF
ILINK LINES command from SAS. Toassess the
correlation between the variables analysed by
infrared method-PO ANA 009 and ultrasound
spectroscopy (EKOMILK total®, Eon Trading
LLC, Bulgaria), the CORR RANK procedure from
SAS was used.

Toestimate the milk constituents, such as
fat, protein, lactose and NFS, the infrared method-
OP ANA 009 (ESALQ) and the ultrasonic analyser
(EKOMILK total®,Eon Trading LLC, Bulgaria)
were used. The data were tested by means of
regression analysis withtheGLMprocedure from
SAS, using the least squares method for simple
non-polynomial regression. For the calculation
of the regressions and Pearson’s correlations, the
coefficients of determination (R?) of >0.70, >0.50
and <0.50 as well as correlation coefficients of (7)
> 0.80, >0.70 and <0.70 were considered high,
moderate and low, respectively. The Pvalue was
considered significant when <0.05.

RESULTS AND DISCUSSION

The mean, standard error and minimum
and maximum values obtained for the buffalo milk
constituents by the different methods are presented in
table 1. Additionally, using the infrared method-PO
ANA 009 of the Milk Clinic-ESALQ/USP, NERES
et al. (2013) reportedmean values of 6.9 + 1.5% fat,
5.1 + 0.3% protein, 5.0 = 0.4% lactose and 10.9 +
0.8% NFS, while LIMA et al. (2014) observed mean
valuesof 5.44% fat, 4.24% protein and 4.77% lactose
in buffalo milk. Thus, the lower level of milk protein
obtained in the present study wasthe only variable
that did not present similar behaviourto the studies by
NERES et al. (2013) and LIMA et al. (2014).

In relation to the results obtained by
ultrasound spectroscopy (EKOMILK), in the present
study, the mean values were different from those
reported by PESSOA et al. (2011) in buffaloes, in which
mean valuesof 5.4 +2.1% fat, 5.2 £ 0.3% protein, 5.1 +
0.6% lactose and 11.1 + 1.0% NFS were found.

Differences in milk composition are caused
by the effects of environmental factors, such as the
season and nutrition, as well as animal-related factors,
such as the breed, age and lactation stage (AMARAL
et al., 2005). Milk components (fat, protein, lactose
and NFS) may vary according to the nutrition, season
andanimal-related effects, such as the age, breed
and stage of lactation (DAME et al., 2011), which
explains the differences observed between some of
the buffalo milk constituents in several studies.

Table 1- Mean values, standard errors of the mean, minimum and maximum values of the production variables and physical-chemical
analysis of buffalo milk obtained by ultrasound spectroscopy (EKOMILK total®, Eon Trading LLC, Bulgaria) and the infrared

method-PO ANA 009 (ESALQ/USP).

Variables Mean SEM Minimum Maximum

Number of milk samples 383

Milk production per day, kg 3.39 0.07 0.10 10.10
Infrared.

Fat% 6.31 0.07 2.31 14.75

Protein% 3.81 0.02 2.58 4.81

Lactose % 4.99 0.01 3.26 5.57

NES % 9.75 0.02 7.53 10.83
Ultrasound:

Fat% 7.16 0.07 3.10 12.90

Protein% 2.51 0.05 1.52 12.48

Lactose% 6.28 0.02 2.60 7.10

NFS % 9.41 0.02 7.66 10.80

NFS: non-fat solids
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There were significant differences
between the levels of fat, protein, lactose and
NFS (P <0.0001) for the ultrasound spectroscopy
analysis compared to the infrared method used
by reference laboratories (RBQL/MAPA). In a
similar research; however, with milk samples from
nine Holstein cows, PINTO et al. (2008) reported
significant differences between the levels of fat (P
= 0.0001) and NFS (P = 0.0001) when comparing
the ultrasonic and infrared methods but without any
differences for the protein content (P = 0.1782).
According to the authors, the differences between
the fat and NFS levels of the milk found between the
two methods used are possibly due to differences in
the calibration of the two devices.

The correlation results between the fat,
protein, lactose and NFS of buffalo milk obtained by
ultrasound spectroscopy comparedwith theinfrared-
methodare presented in table 2. Figure 1 shows the
dispersion, regression equation and respective coeffi-
cient of determination for the fat, protein, lactose and
NFS percentages obtained by the infrared method-PO
ANA 009 or ultrasonic milk analyser (EKOMILK to-
tal®, Eon Trading LLC, Bulgaria). In a similar study,
PINTO et al. (2008) reported a positive and signifi-
cant correlation for the levels of fat (r = 0.98, P =
0.0001) and NFS (» = 0.85, P=0.0041) obtained with
the two methods studied. However, unlike the results
of the present study, these authors reported a positive
correlation for the protein level (» = 0.83, P=10.0051).

A high correlation coefficient was reported
only for the fat concentration,and a moderate
correlation was found for the NFS portion between
the two evaluated methods, unlike some studies

(PINTO et al., 2007; SILVEIRA et al., 2004) that
compared the ultrasonicanalyser with other methods
of milk analysis. The results obtained in the analyses
using the ultrasonic milk analyser (Ekomilk Total®)
were different from those obtained by infrared
method-PO ANA 009 (ESALQ) but showed a high
positive correlation for fat (» = 0.84108, P <0, 0001),
a moderate correlation for NFS(» = 0.71284 P =
0.0022), a low correlation for lactose(r = 0.32197; P
<0.0001) and the absence of correlation for protein(r
= -0.00284, P < 0.0001); and therefore, ultrasound
spectroscopy can be used for fat determination.

The differences between results of the
determination of protein, lactose and NFS levels of
milkfor the infrared method-PO ANA 009 (ESALQ)
and ultrasonic milk analyser (EKOMILK total®, Eon
Trading LLC, Bulgaria) is possibly due to differences
in calibration between the two devices, use of
preservatives and time between the collection and
samples analysis .

CONCLUSION

Despite the advantages of ultrasound spec-
troscopyas an alternative technique for the evalua-
tion of buffalo milk constituents, it is a safe method
only for the determination of fat levels. However, for
the other constituents, more research is required, as
there are still few studies evaluating the influence of
the factors that affect buffalo milk analysis on both
methods, and technical as well as methodological ad-
justments such as conservation methods, whether or
not to use preservatives, temperature and the time of
sample collection and processing are also needed.

Table 2 - Correlation coefficients and significance levelsbetween levels of fat, protein, lactose and NFS obtained by ultrasound
spectroscopy(EKOMILK total®, Eon Trading LLC, Bulgaria) and the infrared method-POANA 009 (ESALQ/USP).

Variables

Variables anable
Fat** Protein** Lactose** NES**
Fat* R 0.84108 -0.0152 -0.22730 -0.17666
a P <0.0001 0.0744 <0.0001 <0.0001
Protein* R 0.29428 -0.00284 0.26035 0.38036
o P <0.0001 0.9559 <0.0001 <0.0001
Lactose™ r -0.15890 0.12280 0.32197 0.42075
P <0.0001 0.0165 <0.0001 <0.0001
NFS* r 0.15649 0.05909 0.42696 0.71284
P 0.0022 0.2499 <0.0001 <0.0001

P values <0.05 were considered significant. * Analyses performed by theinfrared method-PO ANA 009 (ESALQ). ** Analyses performed
using the ultrasonic milkanalyser (EKOMILK total®, EonTrading LLC, Bulgaria). NFS: non-fat solids.
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Figure 1 — Dispersion diagram, simple non-polynomial regression equation, coefficient of determination (R?) and significance level
(P) between levels of fat (A), protein (B), lactose (C) and non-fat solids (D) obtained by ultrasound spectroscopy (EKO-
MILK total®, Eon Trading LLC, Bulgaria) and the infrared method-PO ANA 009 (ESALQ/USP).
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