
Detection and quantification of whey in 

raw milk by near infrared spectroscopy 

Brazil is one of the largest milk producer in the world and, until recently,

milk used to be the major target of food frauds, such as adulteration with

water, neutralizers to mask acidity, salt or sugar to mask extra water or

high solid contents and cheese whey. The most frequent fraud consists

of the addition of whey, which is 90% cheaper than milk. Despite its

noble uses, whey is often discarded by the dairy industry during cheese

making. Whey has been used as an adulterant of both fluid and dry milk.

It can be detected by analyzing its caseino macro peptides (CMP) or

glycol macro peptides (GMP) contents by means of chromatography or

electrophoresis measurements, which requires considerable time for

preparation and analysis. In view of this, other techniques have been

proposed for fast and reliable analysis of adulterated milk. Among the

techniques, near infrared (NIR) absorption or reflectance has gained

attention since it is fast and it did not require sample preparation. This

work presents a method to quantify whey addition to raw milk by near

infrared spectroscopy and comparing the results with the ones obtained

by the determination of CMP by HPLC. Fluid samples with 0 (sample

with no added whey), 1%, 4.25%, 7.5%, 10.75%, 14% 17.25% and

20.5% were prepared in triplicate. For HPLC analysis of CMP a

standard calibration curve was prepared using seven levels of CMP

(Sigma) concentration: 0, 15, 30, 45, 60, 75, and 90mg L-1. An amount

of 5mL of trichloroacetic acid (24%) was slowly added to 10mL of each

standard solution, left to rest for 60 minutes at room temperature,

followed by filtration in qualitative paper, discarding the first drops.The

near infrared spectra were obtained by a FT-NIR Multi Purpose Analyzer

(MPA model from BRUKER, Ettingen, Germany), in a range from 800 to

2700 nm. As a result, the calibration model suitable for the detection of

CMP in raw milk should be used with the PLS method. A linear

correlation between CMP measurements and NIR was established with

r2=0.9885, for the calibration and 0.9543 for the validation data. It

suggests that NIR measurements can be used to quantify whey addition

in milk.

Material and methods

Sample preparation:

Four samples of raw milk were collected in four farms located in the

Zona da Mata Mineira and transported in insulated boxes containing

recyclable ice until the Materials Spectroscopy Laboratory (LEM) of the

Department of Physics of the Federal University of Juiz de Fora (UFJF)

where they were analyzed and prepared.Samples were divided, frozen

and transported in insulated boxes containing recyclable ice and sent to

the Quality Analysis Laboratory milk the Veterinary School of the

Federal University of Minas Gerais (EV/UFMG).The determination of the

chemical composition of milk and spectroscopy analyzes were

performed in Materials Spectroscopy Laboratory (LEM) of the

Department of Physics UFJF.The EV / UFMG processed the high

performance liquid chromatography analysis (HPLC) of the samples.
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Near infrared spectra of raw milk samples

with different levels of whey addition, from

0% to 22%.

Preparation of whey:

The non-homogenized whole milk was heated to 32 ° C and added to

2 ml of liquid rennet (HA-LA). After stirring milk with rennet was

maintained at this temperature for 40 min +/-. until clot formation. The

curd was cut into cubes and stirred slowly for 30 seconds. After that

time it was allowed to stand for 2 to 3 minutes. The mass was further

stirred slowly until the serum was clear without the presence of milky

matter. The serum was separated, filtered and heated to 80 ° C to

inactivate the enzyme rennet.

Y= a+bX

a=0.4 mg/l

b=0.998 


