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REZUMAT. Având în vedere importanţa în nutri ţie şi relativa instabilitate a vitaminelor, analiza calitativ ă şi 
cantitativă a acestora este un obiectiv important pentru producătorii şi procesatorii de alimente. Completarea la 
evaluarea laptelui prin specificarea conţinutului de vitamine, care trebuie să îndeplinească cerinţele multilaterale ale 
corpului, este una dintre principalele probleme în studiul de îmbunătăţire a laptelui de capră cu vitamina B12.  În 
cercetare este analizat laptele crud de capră care consolideaza suplimentele de vitamina B12, iar conţinutul în 
vitamina B12 este masurat prin HPLC cu sistem de diode de detectare, prin folosirea unui sistem HPLC Shimadzu. 
Sunt prezentate două metode de prelucrare a laptelui, pentru proteine şi extract de vitamina B12, folosind acid 
tricloroacetic si acid sulfuric. Rezultatele indică faptul că metoda cromatografică este adecvată pentru determinarea 
vitaminei  B12  în lapte de capră, consolidată cu vitamina B12, după precipitarea proteinelor prin hidroliz ă acidă cu 
acid tricloracetic sau acid sulfuric, ambele tratamente acide dând rezultate bune. Adaosul de drojdie Saccharomyces 
carlsbergensis în furajele pentru capră determină un conţinut ridicat de vitamina B12 din lapte. 
 
Cuvinte cheie: drojdie, lapte de capră, vitamina B12 
 
ABSTRACT. Due to the importance in nutrition and the relative instability of vitamins, the qualitative and 
quantitative analysis of them is an important goal for manufacturers and food processors. Filling the assessment of 
milk value by specifying the content of vitamins which has to meet the multilateral requirements of the body is one of 
the main issues in the study of improving the goat milk with vitamin B 12. In this research raw goat milk enhanced 
vitamin B12 supplements is analyzed and the content in vitamin B12 is measured by HPLC with diode-array detection 
by using a Shimadzu HPLC system. Two methods for milk samples processing for proteins precipitation and vitamin 
B12 extractionare presented, using trichloroacetic acid and sulphuric acid. The results indicate that the 
chromatographic method is adequate for determining vitamin B12 in goat milk enhanced with vitamin B12 after the 
protein precipitation by acid hydrolysis with trich loroacetic acid or sulphuric acid, both acid treatments giving good 
results. The addition of the yeast Saccharomyces carlsbergensis in goat forage give an increased content of vitamin B12 
in milk.  
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1. INTRODUCTION  
 

In recent years the term probiotic is used to 
define alive microorganisms (lactic acid producing 
bacteria, bifid- and lactic bacteria, yeasts), which 
administered in adequate doses improve the health 
of the host. These probiotics are in the normal 

intestinal micro biota of a healthy person [1,2]. A 
special place in this category is occupied by 
different types of yeasts which can be used in such 
probiotic preparations (Saccharomyces carlsbergensis). 

It was found that yeasts has some advantages 
over bacteria in their use as recombinant 
microorganisms with probiotic role: they are easy to 



 

cultivate (Saccharomyces bayanus and 
Saccharomyces ellipsoideus) [4], they are the first 
complete sequence genome of eukaryotic 
(Saccharomyces cerevisiae), in the yeast cell 
necessary changes may take place for the expression 
of some proteins (proteolysis, glicolyosis), are not 
sensitive to most commonly used antibiotics 
(penicillin), they present “in vitro” a higher rate of 
survival in the stomach and small intestine [5]. 

 

Vitamins are required due to the biocatalysts 
action of metabolic processes, reason for which they 
are given great attention in the complex assessment 
of food [3]. Although they are only needed in small 
amounts (up to 40 mg / kg DM), vitamins are 
indispensable for life [6]. Hippocrates is the one, 
who first detected this relationship, stating: „if we 
succeed to find for each man the balance between 
food and exercises we managed to discover the 
means of health maintenance”. 

 
2. MATERIAL AND METHODS 

 
The yeast obtained as a byproduct of beer 

production, dried and inactivated, can be used as a 
dietary supplement due to its content of vitamin B. 
For this reason, there was made an improvement of 
goat milk raw material with beer yeast flakes 
Saccharomyces carlsbergensis. The field research 
took place within an animal farm in Sibiu and 
research laboratory of raw milk enriched with yeast 
flakes were made within the Center for Research in 
Biotechnology and Microbiology of the University 
Lucian Blaga of Sibiu. Improvement of the goat 
milk raw product with yeast flakes was distributed 
as follows: L1 - milk with added yeast flakes 5g/100 
ml, L2 - milk with added yeast flakes 10g/100 ml, 
L3 - milk with added yeast flakes 15g/100 ml. 

 

Chromatographic measurements were performed 
using a Shimadzu HPLC system with column 
Kromasil 100-5C18, 250x4, 6mm (E26265), degas 
DGU-20As Degasser, CTO-20AC Column Oven, 
detector SPD-M20A diode array detector, LCMS 
solution software. Mobile phase was filtered through 
a membrane ® O-20/25 CHROMAFIL, 0.20µm and 
sonic using a ultrasonic bath TRANSSONIC 460/H 
in order to remove the dissolved air in the solution. 
Samples were filtered before injection through the 
ultra filtration cells Millex Syringa Driven Filter 
Unit, Millipore 0.22 mm.  

 
The amount of injection vitamin B12 standard 

was 20 µl. The wavelength, to identify the 
compound of interest, was chosen according to the 
absorption spectrum, namely 361 nm which is the 
maximum specific absorption vitamin B12. The 
samples were analyzed under identical conditions, as 
mobile phase being binary, with an A component 
constituted from heptansulfonic acid (5 mm) in 

methanol and a B component consisting of acetic 
acid (1%) which were filtered through a PTFE 
membrane. It was used a flow rate of 1 ml / minute 
in izocratic way, the ratio between components of 
the mobile phase being 30:70 (A: B). The column 
was balanced for one hour before injecting samples 

 
Total analysis time was 20 minutes, therefore, 

between two successive samples the column was 
rebalanced with the mobile phase for 20 minutes. 
After a series of comprehensive analysis, HPLC 
system was cleaned with H2O and methanol for one 
hour [5]. Analyses were performed at 25°C. 
 
3. RESULTS AND DISCUSSIONS 

 
Determination of vitamin B12 characteristics 

analysis was performed using standard, vitamin B12 
first, Sigma Aldrich. From the analysis of 
chromatograms was observed that the retention time 
for vitamin B12 is characteristic tR  B12= 5,51min and 
was used then to identify vitamin B12 in samples, 
measurements being made at 361nm.  

 
In order to determine the response with the 

concentration variation of B12 vitamin, a calibration 
curve was drawn using injections of different 
concentrations of vitamin B12. Measurements were 
performed in triplicate. The response presented an 
excellent linearity between the specific vitamin B12 
peak area and concentration of the injected analyte, 
over a range of concentrations, between 1.8x10-7 
mol/L -2.2x10-6  mol/L, the correlation coefficient 
being    R2 = 0.9976. The Equation of the calibration 
right is: 

 
Y = aX + b,       where a = 18,554 and b = -2263 

 
The obtained data confirm that the developed 

method can be used for determination by high 
performance liquid chromatography with UV-VIS 
detection type diode-array (DAD) of vitamin B12. 

It should be noted that, as stated above, the 
identification of vitamin B12 was performed using 
the specific retention time, obtained for standard, by 
applying an acceptable coefficient of variance CV = 
0.19 (leading to an average value of  tR  = 6.134 min 
± 0.19%). Milk samples were processed using two 
methods of precipitation of proteins and extraction 
of vitamin B12. A first set of milk samples was 
submitted to vitamin B12 extraction using 
trichloroacetic acid (TCA),  to precipitate proteins 
and to remove some interference, and a second set 
using acid hydrolysis (sulfuric acid, AS). For 
uniformity, results are expressed µg/100g milk for 
TCA and for AS.  

 
Quantities of vitamin B12 obtained in all samples 

are presented in Figure 1 and 2, where L **- TCA 



 

 

are the appropriate samples for the first processing 
method, while L **- AS are samples treated 

according to the second process. 

The content of B12 µg/100g milk

0.774

3.5417
3.7775

2.3533

0

1

2

3

4

5

6

Control Sample L 1-AS L 2-AS L 3-AS

 
Fig. 1 Determination of vitamin B12 in the three samples of milk with the addition of 5, 10 and 15 g of autolysis beer 

yeast at 100 ml milk using extraction with sulfuric acid   
 

 
Compared with the control sample which showed 

a value of 0.774 µgB12/100g milk, the growth in the 
three samples with different added amount of yeast 

flakes is progressive using extraction with TCA, 
reaching a maximum of 4.9725 µgB12/100g milk, as 
shown in Figure 2. 
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Fig. 2 Determination of vitamin B12 in the three samples of milk with the addition of 5, 10 and 15 g of autolysis beer yeast at 
100 ml milk using extraction with trichloroacetic acid 

 
 
 
Chromatograms for illustrating the results of 

vitamin B12 extraction from milk samples (L1, L2,  
L3) with the addition of autolysis beer yeast at 

100  milk using extraction with trichloroacetic acid 
are: 

 

 
Fig. 3 Chromatogram obtained for the milk sample 

L1-TCA 



 

 

 

Fig. 4 Chromatogram obtained for the milk sample L2 
TCA 

 

 

Fig. 5 Chromatogram obtained from the milk 
sample L3-TCA 

 
4. CONCLUSIONS  
 
The theme of the paper was put in such way that on 
the basis of the optimal results from self situations 
and of the data from literature it could be found the 
most advantageous method for improving 

the nutritional quality of goat milk with vitamin B12 

using Saccharomyces carlsbergensis yeast. The 
obtained data confirms that the developed method 
can be used for the determination of pure vitamin 
B12 by high performance liquid chromatography 
(HPLC) with diode-array (DAD) detection. The 
vitamin B12 of milk samples can be detected after a 
treatment in order to achieve interfering protein 
precipitation and quantitative extraction of this 
vitamin from the fodder and yeast sample. The 
identification of vitamin B12 was performed using 
the specific retention time, by applying an 
acceptable coefficient of variance CV = 0.19 (which 
leads to an average value of tR = 6.134 min ± 
0.19%), measurements being made at 361nm.  
 
REFERENCES 
 
[1] Andrei, S., Pintea, A., - Vitamine, enzime, hormoni – 

analize biochimice, Cluj-Napoca, 2004. 
[2] Banu, C., şi colab. - Biotehnologii în industria 

alimentară,  Bucureşti, 2000. 
[3] Donaldson, M., - Vitamin B12 and the Hallelujah 

Diet, The National Library of Medicines, 2000. 
[4] Gaşpar, E., şi colab. - Comparative Studies 

Regarding the Specific Properties of Saccharomyces 
bayanus and Saccharomyces ellipsoideus Wine Yeasts 
Isolated From Târnave (Romania) and Tokaj 
(Hungary) Areas, Bulletin UASVM Animal Science 
and Biotechnologies, 68(1-2)/2011, Print ISSN 1843-
5262; Electronic ISSN 1843-536X, 310-316. 

[5] Oprean, L., -  Analiza microbiologică a produselor 
alimentare, Sibiu, 2002. 

[6] Palcu, S.E., - Cercetări privind tehnologia de 
extragere a vitaminelor hidrosolubile din complexul B 
utilizând ca materii prime unele plante de cultură 
horticole şi agricole, Teză de doctorat, 2008. 


