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SUMMARY

Sugar beet molasses (SBM) is a by-product of sugar refining. SBM
should be added in animal feed for ruminants for supplying the rumen
with rapidly fermentable energy in the form of sugars, and in feed for
non-ruminants as a concentrated energy source. Technological
limitations of addition of high viscous liquids in animal feed impose
limitations of amounts of added liquids. There is a need for a dry product
with high concentration of SBM and with good physical properties. The
aim of this experimental study was to investigate suitability of use of
wheat milling fractions as a carrier of SBM in pelleted form. Three wheat
milling fractions (milled whole wheat grain (WW), wheat feed flour (WF)
and wheat middlings (WM)) were used as a carrier, and 0, 3, 6 and 9%
(w/w) of SBM is applied on them. Addition of SBM reduced temperature
at pellet press (highest temperature was achieved with WW and lowest
with WM) and decreased bulk density of pellets, due its lubricating
effect. SBM reduced hardness of pellets, which also depended on raw
material. Visual inspection of pellets showed that surface of WM pellets
with 9 % (w/w) of SBM had leaf structure, while surfaces of pellets made
of WW and WF were smooth and without gaps. Particle size distribution
of raw materials did not have strong influence on pellet quality. WW and
WF could be used as a carrier of 9 % (w/w) of molasses while maximum
concentration of molasses which could be applied on WM, in order to
produce pellets, is 6 % (w/w).
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INTRODUCTION

SBM is a by-product of sugar refining. It is concentrated viscous
liquid with approximately 80% of dry matter and 50% of sucrose. In
general, addition of 1 to 2% liquids (e.g. molasses, vegetable oil, etc.) in
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bulk feed has a good influence on preventing segregation, reducing dust
potential and improving throughput (Kirchner, 2010). It is reported that
SBM acts as a good binder during pelleting process when added in
quantities up to 5% (Thomas et al., 1998, Sevkovi¢ et al., 1991).
However, technological limitations of addition of high viscous liquids in
animal feed, such as SBM, impose limitations of amounts of added
liquids. On the other hand, from nutritive point of view, SBM should be
added in animal feed for ruminants in higher concentration: up to
25-31% in the total diet for dairy cows for increasing total dry matter
intake, milk yield and protein yield, up to 40% in total sheep diets as an
effective supplement. The role of SBM in ruminant feed is to supply the
rumen rapidly fermentable energy in the form of sugars, primarily
sucrose which is necessary for the microbial fixation of nitrogen in the
rumen. For non-ruminants, SBM should be added up to 5% for growing
pigs, 10-15% for finishing pigs and 35% for pregnant sows, as a
concentrated energy source (Harland, 1995, McGee et al., 1999).

Animal farms are usually equipped with small mixers, without
possibility of fine dosing of SBM. SBM is usually weighted on technical
scale and manually added in feed mixture. Such mixtures, with high
amount of SBM, are inhomogeneous and samples taken from it are very
differing in chemical composition (Buragi¢ et al., 2008).

There is a need for commercially available dry product with high
concentration of SBM for easy dosage in feed mixture. Koprivica et al.,
2010, made dehydrated bulk product with more than 30% of SBM.
Disadvantage of this product was its mash form, because of low bulk
density and moderate flowability. Also, this product was more
susceptible to microbial contamination.

Pelleting is a manufacturing process that is commonly used to
densify, improve handling characteristics and nutritive and economical
value of granular materials (Theerarattananoon et al., 2011).
Additionally, pelleting improves microbial stability of the product
(Cabarkapa et al., 2010). Pellet quality depends on raw materials that
comprising it. Generally, raw protein and pre-gelatinized starch positively
affect durability and hardness of pellets. On the other hand, raw fiber,
such as cellulose, impairs pellet quality (Thomas et al., 1998, Zimonja
and Svihus., 2009, Buchanan et al., 2010).

The aim of this experimental study developed at Institute for Food
Technology, Novi Sad, Serbia, was to investigate the suitability of wheat
milling fractions as a carrier of molasses in pellets production for animal
feeding.

MATERIAL AND METHODS

Three wheat milling fractions were used as a carrier of sugar beet
molasses (SBM) in this experiment: milled whole wheat grain (WW),
milled at hammer mill with sieve openings’ diameter of 4 mm, wheat feed
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flour (WF) and wheat middlings (WM), provided by a flour and pasta
factory “Danubius”, Serbia, by milling with roller mill. Average chemical
composition of wheat milling fractions is shown in Table 1.

Table 1 Average chemical composition of wheat milling fractions (Tables AEC,
1987)

Ingredient concentration (% (w/w))

Composition WW WE WM
Dry matter 87.0 88.0 88.0
Crude protein 115 15.0 155
Fat 2.0 3.0 4.5
Crude fiber 2.0 2.0 8.0
Ash 15 2.0 4.5
Nitrogen-free extract 70.5 66.0 55.5

SBM used in this study is provided by sugar factory "Crvenka®,
Serbia. Dry matter (DM) content of SBM was 83.5%. Average chemical
composition of SBM is shown in Table 2.

Table 2 Average chemical composition of sugar beet molasses (Susi¢ et al.,
1995)

Molasses composition Ingredient concentration (% (w/w))
Sucrose 51.0
Raffinose 1.0
Invert sugar 0.5
Protein 5.0
Glutamic acid 4.0
Betaine 6.0
Other nitrogen 15
compounds

Organic acids 15
Other organic substances 15
Mineral compounds 11.5

SBM was added in wheat milling fractions in concentration of 0, 3, 6
and 9% (w/w). For easier handling and dosing, SBM was preheated at
60°C. Addition of SBM was enabled in double-shaft pedal mixer-steam
conditioner, Muyang SLHSJO0.2A, China. Afterwards, the mixture was
steam-conditioned, with injection of steam of 2 bar pressure, until it
reached temperature of 60°C.

The material was pelleted on flat die pellet press 14-175, Amandus
Kahl, Germany (Fig. 1). Die with diameter of openings of 6 mm, and
thickness of 48 mm was used (D/L = 1:8). Temperature of pellet press
die (T1) and temperature of pellets (T2) were determined by temperature
sensors.
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Figure 1 Flat die pellet press.

SBM dry matter content was determined by refractometric analysis
with Abbe refractometer, Carl Zeiss Jenna, Germany. Moisture content
of dry and conditioned material, and final product was determined by
weight loss with oven drying at 105°C (AOAC, 2000).

Granulometric analyse was performed by method of Test sieving
(ISO 1591-1 1988 (E)).

Bulk density of pelleted product was measured with bulk density
tester (Tonindustrie, West und Goslar, Germany).

Pellet hardness was determined with pellet hardness tester,
Amandus Kahl, Germany. Pellet was introduced between the anvil and
the piston top of the tester. By manually tightening of pressure screw,
static pressure on pellet was increased until pellet burst, and force
needed to crack the pellet was determined.

Pellet durability tester according to Pfost, Bihler, Switzerland, was
used for determining of durability of pellets. Pellets were placed in
rotating drums and pellet fines were induced trough abrasion action of
pellets, shearing over each other and over the wall of drums. Durability
is expressed as the ratio of the weight tumbling over the weight before
tumbling, multiplied with 100, and given as percent.

Statistical Analysis System, STATISTICA 10 (Statistical, USA) was
used for analyzing variations (analysis of variance — ANOVA) and least
significant differences (LSD). The level of significance was set at p <
0.05.

RESULTS AND DISCUSSION
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Particle size distribution of WW, WF and WM mash is shown in Fig.
2. It could be seen that arithmetic mean diameter (marked with a dashed
line) of WW, WF and WM was 930 pm, 650 ym and 340 um,
respectively. Milling with hammer mill (4 mm sieve) was the reason for
obtaining large fraction of coarse particles of WW mash, while WF and
WM have been by-products from flour production industry for human
consumption, which involves usage of roller mills.
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Figure 2 Particle size distribution of wheat milling fractions.
Q = cumulative mass based distribution.

The observation of data included in Table 3 shows that moisture
content rises after conditioning process, due to condensation of steam
on the surface of material particles. Moisture loss after pelleting process
was 1-2 % (w/w), because of evaporation of steam during pressing of
material. For each specific mash, moisture content increased with
molasses content. This was probably due to lower DM content of
molasses. When comparing mashes (mean values) it could be noticed
that moisture content of raw WF mash was slightly higher in comparison
with WW and WM. After conditioning process, difference in moisture
content of different mashes was not higher than 0.5 % (w/w). WF pellets
had highest moisture content when measured at the outlet of the pellet
press.

Temperature profile during processing of the material is shown in
Fig. 3. Addition of molasses decreased friction between material and die
channel wall surface, which influenced temperature during processing by
decreasing it. Molasses acts as a lubricant due to its specific chemical
composition, but also due to the increasing of moisture content of
material, which is in correlation with results of Vukmirovi¢ et al. 2010.
When compare different mashes, it could be seen that highest
temperature was achieved with WW, and lowest with WM. This could be
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connected with chemical composition of different fractions. WW has
lower protein content, which could improve binding properties of
particles by denaturation (Briggs et al., 1999), but it is also rich in starch
which could undergo partial gelatinization (Svihus et al., 2004). These
physical changes of material in die holes could cause temperature rise,
due to interfering with die surface. On the other hand, WF and WM have
higher fat content. Fat has lubricating effect between mash-die interface
which causes reduction of the friction and lowers temperature at pellet

press (Walter, 1990).

Table 3. Moisture content of the material

Wheat Moisture content of material (% (w/w))
fraction SBM (%(wiw)) Raw Conditioned Pelleted
0 13.11 + 17.86+0.20°  16.11 +0.21°
0.18%
3 13.26 + 18.91+0.20°  15.88+0.17°
0.28%
Ww 6 13.40 + 1851 +0.27*  15.02+0.10°
0.16%
9 13.55 + 19.64 +0.23°  15.68 + 0.28%°
0.18%
Mean value 13.33 18.73 15.67
0 14.83 + 18.03+0.27°  15.49 + 0.14°
0.24%
3 14.92 + 17.94 +0.18*  16.53+0.17°
0.17%
WE 6 15.02 + 18.70 £ 0.14*  17.24 +0.25"
0.23%
9 15.12 + 19.22 + 0.25° 18.04 + 0.24°
0.27%
Mean value 14.97 18.48 16.82
0 12.96 + 17.27 £+0.20°  16.05+0.14%
0.13%
3 13.11 + 18.65 + 0.28"°  14.96 + 0.23"
0.25%
WM 6 13.30 + 17.96 + 0.25*  15.89+0.18%
0.21%
9 13.44 + 19.27 + 0.14° 17.67 + 0.25°
0.20%
Mean value 13.20 18.29 16.14

Results are mean + Standard deviation; *“Different superscripts within the same column for each
fraction indicate significant differences (p < 0.05)
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Figure 3 Temperatures during pelleting of wheat milling fractions enriched with SBM
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Figure 3. Continued
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Figure 4. Bulk density of pellets

Fig 4 shows influence of molasses addition on bulk density of
pellets. For all three fractions, addition of molasses reduced bulk density
of pellets. It was previously stated that compaction was previously stated
that of particles pellets depends on friction in die channels (Lowe, 2010).
Therefore addition of molasses decreased friction and thus compaction
of particles that comprise the pellet.

Results of pellet hardness and durability testing are shown in Table
4. Addition of molasses in material before pelleting reduced hardness of
pellets. Pellet hardness of material with 9 % (w/w) of added molasses
was significantly (p < 0.05) reduced and it was approximately 50 % lower
in comparison with sample without added molasses. When comparing
mean values of hardness for different mashes, the hardest pellets were
obtained with WW mash. WW had coarse particles which could induce
week spots and thus decrease of hardness of pellets (Stevens, 1987),
but also had higher content of starch and lower content of fat, in
comparison with WF and WM mash. When looking at the pellet durability
results, it could be seen that although statistical analysis has shown
significant difference between groups of pellet with different
concentration of molasses, results have been differing no more than
0.40 %. Reason for significant difference has been very low standard
deviation (no more than 0.05 %). Mean values of durability for different
wheat fractions are not differing more than 0.16 %. Durability analysis
did not indicate impairing of pellet quality of pelleted WM with 9 % of
molasses. Nevertheless, visual inspection of pellets showed that surface
of such pellets had leaf structure (see Fig. 5). Surface of WW and WF
pellets, even with highest concentration of molasses, was smooth and
without gaps, indicating that high fat and crude fiber content, and low
starch content impaired binding forces between particles in WM pellets.



Archiva Zootechnica 14:2, 17-27, 2011

25

Figure 5. WM pellets with 9 % (w/w) of molasses

Table 4. Hardness and durability of pellets

Wheat SBM N

fraction (%6(wWiw)) Hardness (kg) Durability (%)
0 22.0+3.80% 9.40 + 0.022
3 8.32+2.02° 8.48 + 0.02°
wWwW 6 7.80 + 2.04° 9.49 + 0.02"
9 7.33+1.53° 9.38 + 0.05%

Mean value 11.36 9.44
0 10.73 + 1.46% 9.49 + 0.01°
3 8.50 + 2.31° 9.79 + 0.02°
WE 6 8.19 +1.37° 9.71 +0.02°
9 5.82 + 0.85° 9.40 + 0.01¢

Mean value 8.22 9.60
0 9.24 +2.07% 9.62 + 0,022
3 7.81+1.41° 9,75 + 0.01°
WM 6 7.25+1.09% 9.49 + 0.01°
9 5.07 + 0.75° 9.37 + 0.02¢

Mean value 7.34 9.56

Results are mean + Standard deviation; *“Different superscripts within the same column for each

fraction indicate significant differences (p < 0.05)

CONCLUSIONS

Temperature of pelleting process depended both on SBM
concentration and kind of used wheat material. The highest temperature
was detected during pelleting of WW fraction without SBM addition. In
opposite, rising concentration of SBM contributed to decrease of pellet
pres temperature. It probably shows on lubricating effect of added
molasses. Addition of SBM decreased also bulk density of pellets.
Addition of molasses decreased bulk density and hardness of pellets,
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but the effect was depended on kind of raw material. Although durability
analysis did not showed that molasses and raw material have influence
on pellet quality, visual inspection of pellets showed that surface of WM
pellets had leaf structure while surface of WW and WF pellets, even with
highest concentration of molasses, was smooth and without gaps,
indicating that high fat and crude fiber content, and low starch content
impaired binding forces between particles in WM pellets. Particle size
distribution of raw materials did not have strong influence on pellet
quality. In summary, WW and WF could be used as a carrier of 9 %
(w/w) of molasses with good physical quality of pellets. Maximum
concentration of molasses which could be applied on WM, in order to
produce pellets, is 6 % (w/w).

REFERENCES

Briggs, J.L., Maier, D.E., Watkins, B.A., Behnke, K.C., 1999. Effect of
ingredients and processing parameters on pellet quality. Poultry
Science, 78 (10), 1464-1471.

Buchanan, N.P., Lilly, K.G.S., Gehring, C.K., Moritz J.S., 2010. The
effects of altering diet formulation and manufacturing technique on
pellet quality. Journal of Applied Poulty Research, 19 (2), 112 - 120.

Cabarkapa, |., Colovié, R., Vukmirovi¢, ., Kokié, B., lvanov, D., Sari¢,
Lj., Levi¢, J., 2010. Effect of moisture increase during conditioning
process on microbial properties of pellets. Archiva Zootechnica 13
(3), 47-54.

DBuragi¢, O., Levi¢, J., Sredanovi¢, S., 2008. Mesalice u proizvodnji
hrane za Zivotinje. Journal on Processing and Energy in Agriculture,
12 (3), 154-157.

Harland, J.J., 1995. By products. in: Cooke, D.A., Scott, R.K. (Eds.),
The sugar beet crop. Chapman and Hall, London, pp. 619-647.

Kirchner, A., 2010. Liquid addition to feeding stuff powders as an aspect
of feed quality and safety. Archiva Zootechnica, 13 (3) 55-61.

Koprivica, G., Misljenovi¢, N., Dragomir, C., Levi¢, Lj., Vukmirovi¢, D.,
Ivanov, D., Colovié, R., 2010: Dehydrated sugar beet molasses as
suitable raw material in the production of animal feed, Procedengs of
XIV Symposium Feed Technology and 2nd workshop Feed-To-Food
FP7 REGPOT-3, Novi Sad, 158-167.

Loéwe, R., 2010. Factors affecting pelleting and energy consumption.
Grain & Feed Milling Technology, 121 4 (10), 14-17.

McGee, M., Zoeteweij, L., Holder, P., 1999. Molasses in livestock feeds,
No. 3, R&H Hall, Technical bulletin.


http://scindeks.nb.rs/Related.aspx?artaun=44327
http://scindeks.nb.rs/Related.aspx?artaun=44329
http://scindeks.nb.rs/Related.aspx?artaun=44328

Archiva Zootechnica 14:2, 17-27, 2011 27

Stevens, C.A., 1987: Starch gelatinization and the influence of particle
size, steam pressure and die speed on the pelleting process, A
Doctor's Dissertation, Kansas State University, Manhattan, Kansas.

Svihus, B., Klgvstad, K.H., Perez, V., Zimonja, O., Sahlstrém, S.,
Schiller, R.B., Jeksrud W.K. , Prestlgkken, E., 2004 Physical and
nutritional effects of pelleting of broiler chicken diets made from
wheat ground to different coarsenesses by the use of roller mill and
hammer mill. Animal Feed Science and Technology, 117 (3-4), 281-
293.

Sevkovié, N., Pribigevi¢, S., Raji¢, 1., 1991: Ishrana domacih Zivotinja,
Nauéna knjiga, Beograd.

Susi¢, S., Kukié, G., Sinobad, V., Perunovi¢, P., Koronsovac, B. and
Basi¢, D., 1995: Osnovi tehnologije Secera, Industrija Secera
Jugoslavije ,,Jugos$ecer,, D. D., Beograd.

Tables AEC, 1987. Recommendations for animal nutrition. 5th edition.
Rhone Poulenc.

Theerarattananoon, K. Xu, F., Wilson, J., Ballard, R., Mckinney, L.,
Staggenborg, S., Vadlani, P., Pei, Z.J., Wang, D., 2011. Physical
properties of pellets made from sorghum stalk, corn stover, wheat
straw, and big bluestem. Industrial Crops and Products, 33 (2),
325-332.

Vukmirovié¢, B., Ivanov, D, Colovi¢, R, Koki¢, B, Levi¢, J, Buragi¢, O,
Sredanovi¢, S, 2010. Effect of steam conditioning on physical
properties of pellets and energy consumption in pelleting process.
Journal on Processing and Energy in Agriculture, 14 (2), 106-108.

Thomas, M., van Vliet, T., van der Poel, A.F.B., 1998. Physical quality of
pelleted animal feed 3. Contribution of feedstuff components. Animal
Feed Science Technology, 70, 59-78.

Walter, M., 1990. The inclusion of liquids in compound feeds. Adv. Feed
Technol. 4, 36-48.

Zimonja O., Svihus, B., 2009. Effects of processing of wheat or oats
starch on physical pellet quality and nutritional value for broilers.
Animal Feed Science and Technology, 149 (3-4) 287-297.


http://www.sciencedirect.com/science/journal/03778401
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%234962%232004%23998829996%23570417%23FLA%23&_cdi=4962&_pubType=J&view=c&_auth=y&_acct=C000061922&_version=1&_urlVersion=0&_userid=4099212&md5=300803a4fc461865a47420b5cfb6239e
http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DTheerarattananoon,%2520K.%26authorID%3D35723097100%26md5%3Deb2f7d8d80a807994e5769450d0c8a9b&_acct=C000061922&_version=1&_userid=10307972&md5=d7063d5d36463ac83e6e84c8e060ccc2
http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DXu,%2520F.%26authorID%3D36938551000%26md5%3De272f817e6888122f483abec654023fe&_acct=C000061922&_version=1&_userid=10307972&md5=0b47ac9abd18ff3850a61e2ebb13cc6c
http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DWilson,%2520J.%26authorID%3D36938455100%26md5%3Da683d5afc6ee26138533d526f60407e2&_acct=C000061922&_version=1&_userid=10307972&md5=0ae3de98243cd488b5bd2880e803bdc1
http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DBallard,%2520R.%26authorID%3D36937409600%26md5%3D8f8dc23835b0564697ac407ceb11b489&_acct=C000061922&_version=1&_userid=10307972&md5=ee25b9b6db349cfbaee4952f89295361
http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DMckinney,%2520L.%26authorID%3D7006361836%26md5%3Df9b2b4ab7e3afe743f646b51dfa2ef51&_acct=C000061922&_version=1&_userid=10307972&md5=7d1de9a01cc268f702dae4e7c0aa41a5
http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DStaggenborg,%2520S.%26authorID%3D6603598318%26md5%3D817964fede557c95e396a1f86c64046c&_acct=C000061922&_version=1&_userid=10307972&md5=d1bdd07748ec7f14c113f21062d7dfd7
http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DVadlani,%2520P.%26authorID%3D24075089500%26md5%3D0fb5e00b340a10d741d0c712d68603ad&_acct=C000061922&_version=1&_userid=10307972&md5=0b51a37c62b4c42768c18846cd0c7f1b
http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DPei,%2520Z.J.%26authorID%3D24781022300%26md5%3D6803d794ea9a5f7fb54c2a4c81c6235f&_acct=C000061922&_version=1&_userid=10307972&md5=71932f251084e42c5e0973854d027600
http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DWang,%2520D.%26authorID%3D25651200500%26md5%3D108a9585546d1459dee0ca24cf665fef&_acct=C000061922&_version=1&_userid=10307972&md5=904bba2592904f1a8025a57659f0f5b5
http://www.sciencedirect.com/science/journal/09266690
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%235051%232011%23999669997%232867758%23FLA%23&_cdi=5051&_pubType=J&view=c&_auth=y&_acct=C000061922&_version=1&_urlVersion=0&_userid=10307972&md5=a0c6cac9f9f4f825b2e39b193e392b8c
http://scindeks.nb.rs/Related.aspx?artaun=44327
http://www.sciencedirect.com/science/journal/03778401

