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ABSTRACT: In vitro multi-enzymatic method is a two-step procedure that uses exogenous enzymes
for incubation of feed that aim to imitate digestive processes in the animal. It is used for determination
of organic matter digestibility (OMD) of various feedstuffs and complete mixtures used in ruminant
nutrition. The aim of the present work was to determine whether this in vitro multi-enzymatic method
can be applied for the assessment of the influence of thermal treatments on OMD of feed for
ruminants. Samples of corn and complete mixture for cows (based on corn) were subjected to
pelleting, steam flaking, micronization and extrusion. Statistical analysis of the results did not show
significant increase of corn and complete mixture OMD after various thermal treatments compared to
untreated samples, which can be explained by high digestibility of corn itself (exceeds 90%). Based on
obtained results it can be concluded that applied in vitro method is not suitable for the assessment of
the influence of thermal treatments on OMD of corn and corn based mixture, while future research
should be broadened to analysis of samples with lower OMD, such as sorghum, oats and barley.
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INTRODUCTION

Animal feed is analyzed in order to obtain
information on its value as a source of

for routine prediction of in vivo organic
matter digestibility (OMD) in ruminant nu-

nutrients. When there is a possibility in
vivo measurements are performed, but it
requires animals, relatively large amount
of feed and time for testing. In vivo mea-
surements are expensive, and in addition,
it is necessary to invest intensive work that
does not make them suitable for routine
analysis. A possible solution to this pro-
blem is fast and cheap laboratory methods

trition. There are several laboratory pro-
cedures that are used to predict OMD of
feed for ruminants, that are based on che-
mical analysis or biological methods that
simulate the digestion process. Getachew
et al. (1998) list three major digestion tech-
niques (biological methods) currently avai-
lable for determining the nutritional value
of ruminant feeds: 1) digestion with rumen
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microorganisms, 2) hydrolysis with enzy-
matic preparations, 3) in situ incubations
of samples in nylon bag in the rumen.

In vitro techniques are based on the incu-
bation with a microbial inoculum from the
rumen which is used as a digestive me-
dium. According to Gosselink et al. (2004)
most accepted in vitro techniques are
Tilley and Terry method (Tilley and Terry,
1963) and gas production technique deve-
loped by Menke and Steingass (1988).
The disadvantages of the aforementioned
methods arise from the problems asso-
ciated with inoculum use. Rumen liquid
must be fresh which implies the existence
of animals with fistulas (which are not
available to all laboratories) because the
activity of the microorganisms is lost or
changed during liquid storage. There are
many factors that can influence the ob-
tained results such as the variation in the
quality of the rumen liquid that can occur
due to the species and diet of the animal
from which the inoculum is taken, the col-
lection time and to what extent the
anaerobic conditions, optimal pH and tem-
perature are maintained (Jones and
Theodorou, 2000; Adesogan, 2002; Lo-
pez, 2005). These disadvantages can be
avoided by using exogenous enzymes for
incubation of feed that aim to imitate
digestive processes in the animal. The use
of enzymes as an alternative to a rumen
inoculum has the advantage of over-
coming the need for fistulated animals and
anaerobic procedures, simplifying analy-
tical methodology and eliminating variabi-
lity in inoculum activity (Lopez, 2005).

Weisberg and Hvelplund (1993) developed
in vitro multi-enzymatic method for deter-
mining OMD of concentrated feedstuffs
that are used in ruminant nutrition. The
principle of OMD determination consists
primarily in the incubation of a sample in
acidic pepsin solution for 24 hours in order
to degrade the proteins. The mixture is
then heated to 80 °C in order to inactivate
pepsin and create conditions for starch
hydrolysis. After rinsing with water, the
sample is incubated in a mixture of enzy-
mes, resulting in the degradation of starch
and digestible carbohydrates from cell
walls. The insoluble residues are washed
with warm water and then with acetone for

the purpose of extracting the fat. For the
calculation of in vitro OMD it is necessary
to determine the content of dry matter and
ash in the indigestible residue of the sam-
ple. Over the years, the use of this method
has been confirmed and the prediction of
in vivo OMD of straw (Hvelplund et al.,
1999), various feedstuffs (Pali¢ and Muller,
2006) and complete mixtures (Pali¢ and
Leeuw, 2009), as well as for the calibration
of NIR device (Poji¢ et al., 2008). In afore-
mentioned papers, the multi-enzyme me-
thod proved to be equally reliable in pre-
dicting in vivo OMD as well as the in vitro
method Tilley and Terry (1963). Also, this
method is the official method in Denmark
for assessing in vivo OMD of concen-
trated feedstuffs and complete feed (Aker-
lind et al., 2011) using the formula:

In vivo digestibility = 5.38 + 0.867 x (in
vitro enzyme digestibility (%))

To the best of our knowledge no research
was found where thermally treated sam-
ples of feed were analyzed using this in
vitro method. Therefore, the aim of the
present work was to determine whether
this in vitro multi-enzymatic method can be
applied for the assessment of the in-
fluence of thermal treatments on OMD of
feed for ruminants.

MATERIAL AND METHODS

Corn variety ZP666 grown in Serbia was
used in this research. Using computer pro-
gram “MIXOLINO” complete mixture for
dairy cows was formulated with the afore-
mentioned corn as the only grain in the
mixture. Composition of complete mixture
for dairy cows is presented in Table 1,
while Table 2 presents basic chemical
composition of corn and complete mixture.

In the first part of the experiment corn was
subjected to pelleting, steam flaking, mi-
cronization and extrusion. Prior to pelleting
and extrusion corn was milled using ham-
mer mill equipped with a 4 mm sieve,
while steam flaking and micronization
were conducted on whole corn grain. All
samples were conditioned prior to selected
thermal treatment except for one (sample
MC1, see Table 3). In the second part of
the experiment same thermal treatments
were applied on complete mixture. Prior to
pelleting and extrusion all components of
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complete mixture were milled, then mixed
and conditioned. Since the steam flaking
and micronization are possible to apply
only on whole corn grain, complete mix-
ture was formed of steam flaked or mic-
ronized corn and with the addition of the
rest of diet components that were pre-
viously mixed and pelleted. Applied tem-
peratures during thermal treatments are
presented in Table 3.

In vitro OMD of untreated and thermally
treated corn and complete mixture was

Table 1.
Composition of complete mixture for dairy cows

determined using multi-enzymatic method
previously described by Koki¢ et al.
(2013).

Statistical analysis

One-way ANOVA and Tukey HSD test
were used to analyze variations of the
results. Differences between the means
with probability p<0.05 were accepted as
statistically significant. The level of con-
fidence was set at 95% (STATISTICA
10.0, StatSoft Inc., Tulsa, OK, USA).

Feedstuff

% in mixture

Corn 59
Sunflower meal (33% protein) 24
Soybean meal (44% protein) 13
Limestone 2

Monocalcium phosphate 0.9
Feed salt 0.6
Premix 0.5

Table 2.

Chemical composition of corn and complete mixture for dairy cows

Parameter Corn Complete mixture
Moisture (%) 10.96 9.94
Starch (% DM) 75.63 49.15
Protein (% DM) 8.84 18.08
Celulose (% DM) 3.04 4.03
Ash (% DM) 1.12 6.10
Table 3.
Temperature during pelleting, steam flaking, micronization and extrusion
Temperature Complete Te_mperature
Corn during thermal : during thermal
treatment mixture treatment
uc / UM /
PC 61 °C PM 75°C
FC 85 °C FM FC + pelleted other components (80 °C)
MC1* 125 °C MM1 MC1 + pelleted other components (80 °C)
MC2 111 °C MM2 MC2 + pelleted other components (80 °C)
MC3 125 °C MM3 MC3 + pelleted other components (80 °C)
EC1 80°C EM1 80 °C
EC2 95°C EM2 95 °C
EC3 110 °C EM3 110 °C

*sample was not previously conditioned;

UC — untreated corn; PC — pelleted corn; FC — steam flaked corn; MC1-MC3 — micronized corn; EC1-EC3 —

extruded corn;

UM — untreated mixture; PM — pelleted mixture; FM — steam flaked corn + pelleted other components; MM1-MM3
— micronized corn + pelleted other components; EM1-EM3 — extruded mixture.
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Table 4.

In vitro OMD of corn grain and complete mixture for dairy cows subjected to different thermal

treatments
Corn OMD (%) Complete mixture OMD (%)
uc 91.69+0,23% UM 93.18+0.85%
PC 92.53+0.76 PM 93.02+0.51%
FC 92.08+0.05 FM 92.89+0.62%
MC1 91.54+0.83% MM1 93.22+0.52%
MC2 91.64+0.55% MM2 93.09+0.23%
MC3 91.93+0.44° MM3 92.030.29"
EC1 92.76+0.28% EM1 93.41+0.69%
EC2 93.650.27° EM2 93.61+0.52?%
EC3 92.89+0.23% EM3 93.66+0.47°

Results are given as mean + standard deviation (n = 3);

*Column values followed by the same superscript are not significantly different (p<0.05);
UC — untreated corn; PC — pelleted corn; FC — steam flaked corn; MC1-MC3 — micronized corn; EC1-EC3 —

extruded corn;

UM — untreated mixture; PM — pelleted mixture; FM — steam flaked corn + pelleted other components; MM1-MM3
— micronized corn + pelleted other components; EM1-EM3 — extruded mixture.

RESULTS AND DISCUSSION

In vitro OMD of corn grain and complete
mixture for dairy cows subjected to dif-
ferent thermal treatments is presented in
Table 4. OMD of untreated corn was
91.69% which is in agreement with the re-
sults of Aufrere and Michalet-Doreau
(1988), Bailoni et al. (2006) and Koki¢ et
al. (2013). The use of formula that calcu-
lates in vitro to in vivo OMD (presented in
introduction) yields a value of 84.88% in
vivo OMD for sample UC, which is in ac-
cordance with the results of Cooper et al.
(2002) for dry rolled corn (84.6%).

In the untreated complete mixture, deter-
mined OMD was higher (93.18%) in com-
parison to the untreated corn, probably be-
cause soybean meal has higher OMD than
corn (Aufrere and Michalet-Doreau, 1988;
Koki¢ et al., 2013). Statistical analysis of
the results did not show significant in-
crease in OMD of corn and complete mix-
ture after various thermal treatments com-
pared to the untreated samples; except for
the sample EC2. The obtained results are
in accordance with the results of other
authors who analyzed the effect of thermal
treatments on OMD of corn using other in
vitro methods (Bailoni et al., 2006; Qiao et
al., 2015). Slightly increased OMD of ex-
truded sample EC2 compared to unpro-
cessed corn can be attributed to severe

conditions during extrusion like high shear
forces and long retention time in extruder
barrel that could have led to more com-
plete denaturation of proteins and gelati-
nization of starch.

Based on the results of Qiao et al. (2015)
steam flaking did not lead to a statistically
significant increase in maize and wheat
OMD (determined by the gas production
technique), while in rice, which has lower
OMD than corn and wheat, the increase in
OMD was significant (p<0.05). Bailoni et
al. (2006) also reported that steam flaking
and extrusion did not increase in vitro
OMD of corn (determined by pepsin cel-
lulase technique), while the increase was
recorded for barley and oats.

On the other hand, Cooper et al. (2002)
reported that dry rolled corn OMD deter-
mined in vivo was 84.6%, and that it was
increased after steam flaking to 88.1%.
Increase of in vivo OMD of thermally
treated corn published by Cooper et al.
(2002) was probably possible to record
because of the application of the in vivo
method, which is the reference method for
OMD.

Based on the obtained results and avai-
lable literature data it can be concluded
that various in vitro methods are not able
to detect the change in OMD after thermal
treatments of samples that has high diges-
tibility (such as corn) and that in such ca-
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ses other methods should be used, pre-
ferably in vivo method.

CONCLUSIONS

According to the results obtained in this
study it can be concluded that applied in
vitro method is not able to detect the
change in OMD of corn after thermal treat-
ments, which can be explained by high
digestibility of corn itself (exceeds 90%). In
future research, samples with lower OMD
should be analyzed, such as sorghum,
oats and barley, in order to determine
whether this in vitro multi-enzymatic me-
thod can be used for the assessment of
the influence of thermal treatments on
OMD of feed for ruminants.
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MOrynHOCT NPUMEHE #MH BUTPO MYNTUEH3UMCKE METOAE 3A
MPOLIEHY YTULAJA TEPMUYKUX TPETMAHA HA CBAPJBMBOCT
OPIrAHCKE MATEPUJE XPAHE 3A NPEXMUBAPE

Bojana M. Komh*l, Jby6uua M. )J,oxmhz, Pagmuno P. L'|OJ'IOBVIh1, Bojucnas B. Bal-bau,l, Pape 0.
JosaHoBwh®, Catba J. Monosuh', JacmuHa M. J'Iasapee.wﬁ1

lYHMBepaMTeT y Hoeom Cagy, MIHcTuTyT 3a npexpambeHe TexHonorunje y Hoeom Cagy,
21000 Hoeu Cag, bynesap uapa Jlasapa 1, Cpbuja
2YHvuaepszeT y HoBom Cagy, TexHonowku cdakynteT, 21000 Hoeu Caa, byneeap uapa Jlasapa 1,
Cpbuja
8 UHcTuTyT 3a npumeHy Hayke y norsonpuspean, 11000 beorpag, bynesap gecnota CtedhaHa 686,
Cpbuja

CaxeTtak: VH eumpo MynTU-eH3MMCKa MeTOda je ABOCTeneHa npoueaypa Koja KOpWUCTU
ersoreHe eH3nmMe 3a MHKybauuWjy XpaHe 3a XMBOTUHE KOja MMa 3a UMb MMUTUpake npoueca Bapeha
Ko kuBoTuwa. Kopuctun ce 3a ogpehuBare cBaprbmBocTn opraHcke matepuje (COM) pasnuuuntumx
XpaHMBa 1 KOMMSETHMX CMELLA KOje Ce KOpUCTe y ucxpaHu npexusapa. Linms osor paga 6uo je ga ce
YyTBpOM Oa N1 ce oBa UH 8UMPO MYNTU-€H3UMCKA MeToda MOXEe MPUMEHUTW 3a MpoLeEHy yTuuaja
TepMuyknx TpetMaHa Ha COM xpaHe 3a npexuBape. Y30pum Kykypy3a M KOMMIfieTHa CMeLla 3a KpaBe
(Ha ©6a3n Kkykypysa) cy nenetupaHu, MapHO prneknyaHn, MUKPOHW3MpaHW W EeKCTPyAMpaHW.
CraTucTnyka aHanu3a pesynTata Huje nokasana 3HavajHo noBehawe COM Kykypy3a M KOMMNETHe
CMeLle HaKoH pasnuMunTMX TEPMUYKUX TpeTMaHa y nopehewy ca HeTpeTMpaHuM y3opuuMMma, LITO ce
MoXe o6jacHUTM BUCOKOM CBapsbMBOCTUM camor Kykypy3a (npeko 90%). Ha ocHoBy pobujeHux
pesyntata MOXe Ce 3aKiby4uTu Aa NpMMeHeHa UH 8umpo MeToAa Huje NorofgHa 3a NpoueHy yTuuaja
TepMmnyknx TpetmaHa Ha COM Kykypy3a M cMmella Ha ©asm Kykypysa, ook ce byayha uctpaxuana
Tpebajy npowmputn Ha aHanuay y3opaka ca Hmwkom COM, kao WTo cy cnpak, oBac u jedam.

KrbyuHe peum: ceaps/bugocm opaaHcKke Mamepuje, Mnpexusapu, KyKypy3, mepMUu4Ku
mpemmaH
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