-

-
brought to you by .i CORE

View metadata, citation and similar papers at core.ac.uk

provided by FiVeR

DOI: 10.5937/FFR1601051K UDK 633.85.631.531]:636.085:579.67

Original research paper

VALORIZATION OF RAPESEED GRAIN BY-PRODUCTS

Sandor M. Kormanjoél*, Sanja J. Popoviél, Ljiljana M. Kostadinovié¢', Ana M. Marjanovi¢ Jeromela?,
Nedeljka J. Spasevski*

1University of Novi Sad, Institute of Food Technology, Bulevar cara Lazara 1, 21000 Novi Sad, Serbia
’Institute of Field and Vegetable Crops, Maksima Gorkog 30, 21000 Novi Sad, Serbia

*Corresponding author:

Phone: +38121/485-3807

Fax: +38121/450-725

E-mail address: sandor.kormanjos@fins.uns.ac.rs

ABSTRACT: After technological processing of rapeseed significant amounts of useful and useless
waste products stand out. The aim of the present study was to investigate the chemical composition,
content of glucosinolates, microbiological safety, and presence of mycotoxins and heavy element
contents of useful rapeseed by-products which are intended for animal nutrition. Feed components as
well as complete mixtures for animal feed must be safe and in accordance with the requirements of
the current national regulation. The investigated useful by-products contained significant amounts of
proteins (21.80%) and fat (33.78%). As a part of the research, extrusion of the mixture containing
rapeseed by-products and maize in the ratio of 50:50% was performed. The process of extrusion was
carried out at 130 °C. Based on the obtained results it was noticed that the investigated extruded
mixture is a convenient protein-energy supplement suitable for animal feed production with
significantly reduced glucosinolate content (from 10.30 to 7.82 ymol/g). It was also observed that the
extrusion of feed mixture led to the reduction of the number of microorganisms which ensures safe

feedstuff for animal feed production.
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INTRODUCTION

Worldwide, as well in Serbia, beside soy-
bean cultivation, emphasis is given to cul-
tivation of rapeseed (Brassica sp.). The
largest producers are the European Union
countries, Canada, USA, Australia, China
and India (Kole et al., 2012). This oilseed
crop of extreme protein-energy potential,
rich in nutritionally valuable components
such as protein and oil, is also charac-
terized by the presence of antinutrients,
such as erucic acid and glucosinolates.

In the production of rapeseed, technolo-
gical process after harvesting of rapeseed
includes the process of cleaning before
storage. After combine harvesting, clea-
ning of rapeseed impurities, as well of bro-
ken and immature grains that do not

match the quality of seed grain is done.
During the process of cleaning useful and
useless waste stands out. Useful waste
contains broken, incomplete and immature
rapeseed grain, while useless waste make
parts of the stem plants, organic and inor-
ganic impurities, rotten grains and other.
Finally, it is assumed that useful by-pro-
ducts from the processing of rapeseed are
potential protein-energy crop plant source
that could be used in animal nutrition.

Extrusion is a heat process used to im-
prove the nutritional, hygiene, physico-
chemical, sensory properties, as well to
inactivate present thermo labile antinu-
trients. Glucosinolates, which include more
than a hundred forms of organic anions
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containing sulfur with p-D- thioglucose
unit, present the dominant antinutrients of
rapeseed, which are present in both,
rapeseed meal after oil extraction (Brown
et al., 1991) and in the full fat feedstuffs
from rapeseed (Sakac€ et al., 2004). Nu-
merous studies deal with partial thermo-
lability of glucosinolates, or with the pos-
sibility of complete inactivation of my-
rosinase during the process of dry ex-
trusion (Smithard and Eyre 1986; Fenwick
et al., 1983). Myrosinase represents the
enzyme that catalyzes the hydrolysis of
glucosinolates, with the formation of a se-
ries of toxic compounds, as well as of cer-
tain degradation of phenolic compounds
by applying thermal treatment.

In our country, one of the most used pro-
cesses in animal feed production is exactly
extrusion process. It is used in order to
partially reduce the total content of glu-
cosinolates and total phenols present in
different feedstuffs in order to obtain pro-
tein-energy nutrients with high nutritive va-
lue.

The aim of the present study was the
investigation of the quality of rapeseed by-
products which remain after cleaning of
rapeseed impurities, as well of broken and
immature grains, and feed mixture based
on maize and rapeseed by-products, and
thus the possibility of its use for incorpo-
ration in animal feed. Moreover, applica-
tion of adequate technological method for
treating the mixture of maize and useful
rapeseed by-products in order to save pro-
teins to the greatest extent possible was
also the goal of the study.

MATERIALS AND METHODS

The samples were analyzed for moisture
content (AOAC 934.01), crude protein
content (AOAC 978.04) and crude fiber
content (AOAC 978.10). Additionally, rape-
seed by-products were analyzed to crude
ash (AOAC 942.05) and crude fat content
(AOAC 920.39).

Glucosinolate content of rapeseed by-pro-
ducts was determined by the method
MSZ-08-1908 (1989).

The content of aflatoxins (B1+B2+G1+G2)
was determined by ELISA test using a kit
Aflatoxin Veratox 8031 High Sensitivity

Test. The content of zearalenone, ochra-
toxin and deoxynivalenol (DON) was de-
termined by ELISA method, FINSLab-5.4-
3M-016, FINSLab-5.4-3M-015 i FINSLab-
5.4-3M-018.

Determination of As, Pb and Cd (Atomic
absorption spectroscopy - AAS method),
was examined by the method FINSLab-
5.4-3M-004/13. Determination of total mer-
cury (Hg) content by an automatic mercury
analyzer - AMA 254 (AAS method), was
defined by FINSLab-5.4-3M-005 method.

The total number of bacteria was deter-
mined by the method SRPS EN ISO
4833:2008 and the total number of yeasts
and molds using EN ISO 21527 -2:2008
method. Coagulase positive staphylococci
were determined by the method EN I1SO
6881-1:2008, while Clostridium perfrin-
gens were examined by the method SRPS
EN ISO 7937:2008. Salmonella spp. was
investigated by the method SRPS EN ISO
6579:2008.

Extrusion

As a part of the research, extrusion of mix-
ture of the maize and rapeseed by-pro-
ducts in the ratio of 50 : 50% was per-
formed. Mixture was prepared in a dou-
bleshaft pedal mixer Muyang SLHSJO0.2A
(Muyang Co., Yangzhou, PR China), after
grinding raw materials in a hammer mill.

The investigation on the influence of ther-
mal treatment on the mixture of maize and
useful rapeseed by-products was perfor-
med in the pilot plant at the Institute of
Food Technology in Novi Sad on an ex-
truder manufactured by Amandus Kahl
from Hamburg. The extruder has a capa-
city of 100 kg/h. Extrusion was conducted
at 130 °C.

Data analysis

The one-way ANOVA analysis and t-test
were performed to assess data differences
between various treatments using Statis-
tica software version 12 (Statistica, 2013).
The data means were considered different
at P<0.05.

RESULTS AND DISCUSSION

Results of chemical profile and glucosi-
nolate content of maize and rapeseed by-
products are shown in Table 1.
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The investigated rapeseed by-products
contained significant amounts of proteins
(21.80%) and fat (33.78%) presenting in
this way a convenient protein-energy sup-
plement suitable for animal feed produc-
tion.

The data on heavy element contents of the
maize and rapeseed by-products is shown
in Table 2.

The obtained results showed that the
contents of As, Pb, Cd and Hg in maize
and rapeseed by-products were within the
limits allowed by the requirements of the
current national regulation (Pravilnik,
2010) which means that the investigated

maize and by-products are safe supple-
ments for animal feed production regar-
ding the heavy metal contents.

The mycotoxin contents in maize and use-
ful by-products obtained by rapeseed pro-
cessing are presented in Table 3.

Based on the mycotoxin contents in the
tested by-products, as well in maize, it was
concluded that the obtained samples meet
the requirements of the current national
regulation (Pravilnik, 2010). Results on
chemical profile and glucosinolate content
of non-extruded and extruded mixture of
maize and by-products obtained by rape-
seed processing are shown in Table 4.

Table 1.

Chemical composition and glucosinolate content of maize and by-products obtained by rapeseed

processing
Quality parameters By-products Maize
Moisture content (%) 6.74 11.04
Crude protein (%) 21.80 6.74
Crude fat (%) 33.78 4.61
Ash (%) 3.91 1.05
Crude celullose (%) 23.71 2.18
Glucosinolate (umol/g) 22.58 -

Table 2.

The content of heavy elements in maize and rapeseed by-products
Metal By-products Maize
As, mg/kg <1 <0.5
Pb, mg/kg <1 <0.2
Cd, mg/kg <0.1 <0.1
Hg, mg/kg 0.00125 <0.001

Table 3.

Mycotoxin contents of maize and useful by-products obtained by rapeseed processing
Mycotoxins By-products Maize
Aflatoxins (B1+B2+G1+G2), mg/kg <0.005 <0.005
DON, mg/kg - 3.361£1.02
Ochratoxin, mg/kg - <0.002
Zearalenone, mg/kg - 0.160%0.040

Table 4.

Chemical composition and glucosinolate content of non-extruded and extruded mixture of maize and

by-products obtained by rapeseed processing

Quality parameters Non-extruded mixture Extruded mixture SEM
In sample D.M.* In sample D.M.*
Moisture content (%) 8.71% - 5.57° - 0.20
Crude protein (%) 15.33? 16.78° 15.66° 16.58° 0.42
Crude fat (%) 18.88° 20.68% 20.42° 21.62° 0.65
Ash (%) 2542 2.78° 257% 2.72° 0.09
Crude celullose (%) 13.50% 14.79% 13.36% 14.15% 0.35
Glucosinolate (umol/g) 10.30° 11.28° 7.82° 8.28" 0.40

*D.M.- dry matter basis; SEM - standard error of the means (n = 3)
> yv/alues with different letter indexed in the same row are statistically significantly different (P < 0.05)
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Table 5.

Microorganism count of non-extruded and extruded mixture of maize and by-products obtained by

rapeseed processing

Microorganism

Non extruded mixture

Extruded mixture

TVCYM (cfu/g)

TVAC (cfu/g)

C.perfringens (cfu/g)
Coagulase-positive staphylococci (cfu/g)
Salmonella spp

not detected in 50 g

14000 <100
2100 <10
<10 <10
<100 <100

not detected in 50 g

cfu- colony forming units; TVCYM - total viable count yeasts and moulds; TVAC- total viable aerobic count

Based on the conducted investigation on
the potential application of dry extrusion
processing of mixture consisted from
waste products of rapeseed in combina-
tion with maize, it can be noticed that the
feed mixture prepared in this manner has
showed satisfying nutritional and che-
mical profile with a significant reduction in
the content of glucosinolates, which is
approximately 24.08% (from 10.30 to 7.82
mmol/g). Reductions of total glucosinolate
content (19-23%) was recorded by Smi-
thard and Eyre (1986), applying the pro-
cedure of dry extrusion (135 °C) on a mix-
ture of rapeseed and barley as well on
mixture of rapeseed and sunflower meal,
while the application of dry extrusion on
rapeseed achieved reduction of glucosi-
nolates content of 19% (Aumaitre et al.,
1989).

However, based on the fact that the heat
treatment was used to improve the nu-
tritional, hygienic, physical, chemical and
other characteristics of the treated ma-
terial, and, besides the inactivation of the
thermo labile antinutrients, to increase the
nutritional value of nutrients, enhance the
sensory properties and provides micro-
biological safety of the final product (Ver-
heul, 1997), determination of the appli-
cation of extrusion is more than justified by
the concept of the production of protein-
energy feed based on rapeseed. Sakac et
al. (2006) investigated the impact of ex-
trusion on glucosinolates content and total
phenols of rapeseed. The process of dry
extrusion of mixture of rapeseed and ag-
ricultural products is already known as one
of the most common ways of thermal
processing of oil crops, which results in
the production of high-quality protein-ener-
gy nutrients (Sakac¢ et al., 2004; Filipovi¢
et al., 2004; Filipovi¢ et al., 2005; Font et
al., 2005). This orientation is widely ap-

plied since the extrusion of rapeseed, due
to high crude fat, prevents adequate hea-
ting of the material and leads to the ap-
pearance of oily extrudate susceptible to
lipid oxidation (Smithard and Eyre, 1986).
On the other side, dry extrusion of mixture
of rapeseed and agricultural products re-
sults in nutrients of greater sustainability,
suitable for storage and composing with
other nutrients (Eyre and Smithard, 1984).

The microorganism count of non-extruded
and extruded mixture of maize and by-
products obtained by rapeseed processing
is shown in Table 5.

Based on the content of microorganisms in
the extruded mixture of maize and by-pro-
ducts obtained by rapeseed processing
(Table 5), it can be concluded that the in-
vestigated sample met the requirements of
the current national regulation (Pravilnik,
2010).

Moreover, during the extrusion processing
of the mixture, reduction in the number of
microorganisms was observed which
provides hygienic safety of the extruded
product, and is very important in terms of
storage and preservation of extruded ma-
terial (Kormanjo$ et al., 2007; Kormanjo$
et al., 2008; Kormanjos et al., 20123;
Kormanjo$ et al., 2012b). The extrusion
processing can be of great importance
from the standpoint of reducing the num-
ber of microorganisms despite the rela-
tively low temperature applied in this treat-
ment (130 °C), within a very short time (6-
10 s), but at very high pressure (from 30 to
40 bar).

CONCLUSIONS

Regarding the obtained results it could be
concluded that rapeseed by-products are
protein-energy nutrients appropriate for
animal feed production. Regarding the re-
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sults on mycotoxin and heavy element
contents in the rapeseed by-products, it
was found that the obtained feed com-
ponent can be safely used in animal feed
production. Furthermore, microbiological
profile, as well as chemical composition
and glucosinolate content in the extruded
mixture of maize and rapeseed by-pro-
ducts, indicated that the investigated mix-
ture can be used in animal nutrition.
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BAJNTIOPU3ALIMJA CNOPEAHUX NMPOU3BOAA U3 NOPAAE CEMEHCKE
YIbAHE PEMULE

WaHngop M. KOpMaI-bOLlJl*, Catba J. Monoeuh®, Mburbara M. KoctagmHosuh®, AHa M. MapjaHoBuh
Jepomena?, Heperbka J. Cnacescku’

'YhusepauTet y HoBom Capgy, Hay4Hu nHcTUTyT 3a npexpambeHe TexHonoruje y Hosom Cagy,
21000 Hoeu Cag, bynesap uapa Jlasapa 6p. 1, Cpbuja

2|/|HCTI/ITyT 3a paTapcTBo 1 noBpTapcteo, Makcuma Mopkor 30, 21000 Hoeu Cag, Cpbuja

CaxeTak: Y TEXHOJIOLIKOM MOCTYNKy Npepage CEMEHCKe yrbaHe penuvue n3fBaja ce 3HavajHa
Konu4ymMHa oTnagHux npogykata. Liure uctpaxumeamwa 6ro je ga ce ucnuta xemunjckn cactas, Caapxaj
rnyko3vHonaTta, MMWKpoOOMOmoLlKa WCMpaBHOCT, MPUCYCTBO MWKOTOKCMHA M TEWKUX MeTana y
Hycrpou3soanma Koju ce gobujajy npy gopaan CeEMEHCKe yrbaHe penuvue, HaMmereHMX NMPoM3BOAH:M
XpaHe 3a XUBOTUHE. [loTnyHe cMelle 3a UCXpaHy XXUBOTUHA KAo U XpaHMBa MOpajy BUTK XnrmjeHckn
ucnpaBHe WM yOOBO/bLUTM 3axTeBuma Bakeher lMpaBunHMKa O KBanMUTETY XpaHe 3a XMBOTMHe. Ha
OCHOBY UCMMTUBaHa NOMEHYTUX NapaMeTapa, YCTaHOBIbEHO je Aa UCMUTMBAHM CNOpeaHM NMPou3Boau
cagpxe 3HadajHy konuumHy npotemHa (21,80%) u mactm (33,78%). Y OKBUpPY WCTpaxuBawa
U3BPLLUEHO je eKCTpyaupawe CnopefHor npov3Boda W3 Jopage CeMEHCKe yrbaHe penuvue ca
KyKypy3om y ogHocy 50:50%. EkcTpyaupare cmelle npumeca u3 gopajge CEMEHCKE yrbaHe penuue u
KyKypy3a je cnpoBegeHo Ha Temnepatypu og 130 °C. [JobGujeHo je xpaHuBO 3agosorbaBajyher
HYTPUTUBHO-XEMUWjCKOI Mpodomna, y3 3HayajHy peaykumjy cagpxaja rnykosmHonata 3a 24,08% (ca
10,30 Ha 7,82 pmol/g). Ha ocHoBy wu3BegeHUX MWCMMTUBAHA, YCTAaHOBILEHO je Oa MpoLecom
eKCTpyaupara XpaHuBa Jonasm OO0 CMakwewa Opoja MukpoopraHusama umme ce obesbehyje
XWUrnjeHcka UCNpPaBHOCT eKkcTpyaara.

Krby4uHe peum: eniyko3uHonamu, ucxpaHa Xusomurba, criopedHu rpou3eod, yrbaHa pernuya
Received: 3 December 2015
Accepted: 29 January 2016



