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SUMMARY 
In this study, the effect of conditioning time and material particle size on 

the stability of vitamin A (retinol acetate) during pelleting process was 
investigated. Corn was used as test material and it was milled in a hammer mill 
with the sieve openings of 2, 3 and 4 mm in diameter. In this way different 
granulation of samples was obtained. Vitamin A was added in powder form 
prior to conditioning. Samples were conditioned at a temperature of 80°C 
without subsequent retention, and also with retention of 5 and 10 minutes in 
conditioner after the target temperature was achieved. Afterwards, material 
was pelleted at the temperature around 70 °C. Vitamin A was determined 
using High Performance Liquid Chromatography (HPLC). In samples milled to 
pass through 2 mm sieve, the concentrations of vitamin A decreased by 
13.36%, 14.05% and 17.35% in comparison to unprocessed sample, with the 
conditioning time of  0, 5 and 10 minutes, respectively. Conditioning of 
samples for 0, 5 and 10 minutes, milled to pass through 3 mm sieve, caused 
vitamin A decrease of 13.99%, 14.71% and 20.96% in comparison to 
unprocessed sample, respectively. The highest decrease of vitamin A was 
recorded in samples milled to pass through 4 mm sieve and was 14.98%, 
16.03% and 22.86% in comparison to unprocessed sample, but with 
conditioning time of 0, 5 and 10 minutes, respectively. Based on the obtatined 
results, it can be concluded that with the increase of retention time during 
conditioning and also with increase in particle size of material, decrease in 
vitamin A content is higher. 
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INTRODUCTION 
Vitamins are organic compounds which are needed in small quantities to 

sustain life. They are essential for the metabolism since they maintain normal 
physiological functions such as growth and development, life functions, health 
and reproduction. Hydrothermal processing of feed (such as pelleting, 
extrusion) is harmful to thermo labile nutrients, such as vitamins, that can be 
easily oxidized (Broz, et al., 1997). Pelleting is a process of pressing conditioned 
material trough die with specific dimensions of openings and thickness. 
Pelleting effects on vitamin A in feed are caused by die thickness and whole 
size, which produce frictional heat and a shearing effect that can break 
supplemental vitamin A (Shields et al., 1982). Conditioners are used to add 
steam prior to pelleting (Vukmirović et al., 2010; Čolović et al., 2010). In animal 
feed production conditioning is process of converting mixed mash with use of 
heat, water, pressure and time, to a physical state which is more suitable for 
compaction of feed mash. During condensation of the steam, a thin film of 
water is created around the particles and together with the temperature 
increase, facilitates binding between particles (Thomas et al., 1997). When 
steam is used, the temperature of pellets after leaving the die is generally 
higher in comparison with that of the conditioned meal due to the frictional 
heat in the die (Thomas et al., 1996). The addition of steam increases feed 
temperature of the mash feed in the range of 85 to 100 ºC for approximately 
20 seconds. The increase in conditioning time allows increased starch 
gelatinization, protein denaturation, pathogen reduction, improved pellet 
quality, and increased production rate (Sredanović et al., 2005). From a 
practical standpoint, vitamin activity may be decreased in finished feeds due to 
heightened conditioning parameters. Conditioning time prolongs redox and 
other chemical reactions (Coelho, 2002). Pelleting and conditioning are 
intended to increase the value of feed ingredients, but micro ingredients such 
as vitamins are more likely to be damaged by the feed manufacturing process. 

In this paper, the influence of conditioning time and material particle size 
on the stability of vitamin A (retinol acetate) during pelleting process was 
investigated. 
 
 

MATERIAL AND METHODS 
Corn was used as test material and it was milled in a hammer mill with the 

sieve openings of 2, 3 and 4 mm in diameter. In this way different granulation 
of samples was obtained.  
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Conditioning and pelleting 
Vitamin A was added in powder form prior to conditioning and complete 

mixture was conditioned in double-shaft steam conditioner Muyang SLHSJ0.2A 
(China). Samples were conditioned at a temperature of 80°C without 
subsequent retention, and also with retention of 5 and 10 minutes in 
conditioner after the target temperature was achieved. Immediately after 
conditioning samples were collected for vitamin A analysis. 

Afterwards material was pelleted on a flat die pellet press, AMANDUS 
KAHL GmbH & Co. KG (Germany). A die with 6 mm diameter of the openings 
and thickness 28 mm was used (diameter to length ratio 1:6). The pellets were 
collected at pelleting temperature of 70 °C and left for 24 hours under room 
conditions in order to achieve stabile temperature before vitamin A 
determination.  

 
HPLC procedure 
The vitamin A standard (Retinol acetate, analytical standard min. 98.6%, 

Lot. No.: LB87725V) was obtained from the Supelco analytical (USA). Stock 
solution of vitamin A with the concentration of 1 mg/ml was prepared by 
dissolving 1 mg in 10 ml of 2-propanol. This stock solution was used to prepare 
a series of standard solutions for calibration curve. 

The preparation of samples for the determination of vitamin A was done 
according to the official methods of the Association of Official Analytical 
Chemists (AOAC, 1995) with slight modifications. Around 5 g of each feed type 
was extracted in 250-ml screw-cap Erlenmayer flasks with 50 ml portions of 
extraction solvent (methanol) using ultrasonic bath (VIMS elektrik, Loznica). 
After extraction, extract was filtered through 0.45 μm pore size PTFE filter 
(Plano, Texas, USA) and the filtrate was transferred to an HPLC vial. The HPLC 
instrument was an Agilent 1200 system equipped with a diode array detector 
(DAD), Chemstation Software (Agilent Technologies), a binary pump, a vacuum 
degasser, an auto sampler and Agilent column (Zorbax eclipse plus-C18, 1.8 
µm, 2.1x100 mm). Methanol was used as mobile phase at a flow-rate of 0.3 
ml/min and a pressure of 230 bars. Five microliters of standards, same as 
samples, was injected onto the HPLC column. The spectra was recorded at 326 
nm. Identification of retinol acetate was done by comparing the retention 
times and spectra of retinol acetate from samples and standards. 

 
 

RESULTS AND DISCUSSION 
Decrease in vitamin A content expressed as % in treated samples 

compared to unprocessed sample is shown in Table 1. After conditioning 
processing of samples it is noticed the decrease in vitamin A content. Different 
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retention of samples in conditioner were investigated (0, 5 and 10 min), thus 
different reductions of vitamin A content were recorded (2.54-3.37%; 3.11- 
4.24% and 5.68-10.3%, respectively). On the other hand, after pelleting 
process relatively constant decrease of vitamin A content in samples were 
obtained (approximately 11-12%). Based on the obtained results it can be 
concluded that there is a reduction of vitamin A content after all tested 
treatments and that the greater impact can be attributed to pelleting. When 
samples were conditioned without retaining in conditioner (0 min) and 
pelleted, loss of vitamin A was 13.4%, 14.0% and 15.0% for samples milled to a 
particle size of 2 mm, 3 mm and 4 mm, respectively. These results are in 
accordance to the results reported by Shields (1982), and are slightly higher 
than in study reported by Albers (1997) and Kostadinović (2014). Increase in 
conditioning time (5 and 10 minutes) caused further decrease in vitamin A 
content. Based on obtained results the highest decrease was 22.9% in sample 
milled to pass 4 mm sieve. 
 
Table 1. The vitamin A content decrease (%) in treated samples compared to 
unprocessed sample 

 

Sieve openings 
2 mm 

Sieve openings 
3 mm 

Sieve openings 
4 mm 

Retention in conditioner 
0 

min 
5 

min 
10 

min 
0 

min 
5 

min 
10 

min 
0 

min 
5 

min 
10 

min 
Decrease after 
conditioning 

2.54 3.11 5.68 3.04 3.52 8.91 3.37 4.24 10.3 

Decrease after 
conditioning and pelleting 

13.4 14.1 17.4 14.0 14.7 20.9 15.0 16.0 22.9 

 
The obtained data regarding the decrease of vitamin A content cannot be 

easily compared with other studies since large number of factors has influence 
on vitamin A content and in different experiments highly variable conditions 
during processing can be applied. Also, various forms of commercial vitamin A 
can be found on the market and may lead to a wide range of results that can 
be found in the literature. 

The content of vitamin A, expressed in mg/kg on dry matter, in 
unprocessed and treated samples for three different particle sizes (2 mm, 3 
mm and 4 mm) is shown in the Figure 1. Lower reduction of vitamin A content 
was found in samples with smaller particles, whereas increase in particle size 
led to higher reduction of vitamin A content.  
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Figue 1. The content of vitamin A (mg/kg) in the examined samples before and after tested 

treatments 

 
 

CONCLUSIONS 
As can be seen from the presented results, it is obvious that with the 

increase in particle size of material and with increase of retention time during 
conditioning the content of vitamin A decrease, after all tested treatments. 
The largest decrease of 22.9% was found after pelleting processing of mixtures 
based on corn milled on hammer mill with holes in the sieve diameter of 4.00 
mm and with the conditioning of the mixture for 10 minutes. 
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