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The outline of thethesis

The present PhD thesis includes a general intramtuetbout the importance of a new approach to
animal feeding reducing competition with energyduation crop and food production. The use of
canola expellers (CE) in this contest can be isterg. So the contributes of thesis were aimed to
evaluate the nutritional aspects of CE obtainedcold extraction in small plants. In the first

contribute the stability of residual oil in CE weasaluated at different temperatures and times of
storage: In the second contribute CE was comparnghl ether protein sources using a fully

automated gas production system. In third and foewhtributes CE was included in ruminant diets

and tested with two differeim vitro methods.

Abbreviation:
aNDF = neutral detergent fibre

ADF = acid detergent fibre

CP = crude protein

CE = canola expeller obtained on farm by cold etioa
DM = dry matter

EE = ether extract

FA = fatty acids

GP = gas production

H = high level of supplement inclusion in the diets
L = low level of supplement inclusion in the diets
MN = microbial nitrogen

N = nitrogen

NAN = non ammonia nitrogen

NDF = neutral detergent fibre

NDFd = neutral detergent fibre degradability



SBM = soybean meal

SVO = straight vegetable oil

TDMd = true dry matter degradability
VFA = volatile fatty acids

WSS = whole soybean seed



Abstract

General aim of this thesis was to study canola leeqgg(CE) extracted by cold pressing in a small
plant (on farm) and to evaluate the validity to tisis by-product in ruminant feeding. The thesis
includes the results of four experimental contrsutthe first one aimed to evaluate the stability o
CE at different times and temperatures of storagerder to determine if the conditions usually
found in the farms, especially during the hot seasan result in changes in fatty acids profile and
in some oxidative parameters. Results found thdeudifferent temperatures (12, 24, and 36°C)
and times of storage (10, 20, and 30 d), CE maaetha good oxidative stability, as evidenced by
low peroxide values (< 10 mEg/kg fat) in all sangpt®llected, by negative response for Kreis test
and by low changes in fatty acids profile. Fromstheesults it could be hypothesized that the
storage of these by-products did not change theactaistics of the lipid fraction. In the second
contributein vitro gas production (GP) values obtained from the intabadf CE, whole soybean
seed (WSS) and soybean meal (SBM) were comparedbating feed samples with twoedia
containing N-rich buffer or N-free buffer, in ordr compare the effect of the availability of feed
as unique protein source. Results of the experisientved that CE is an easily degradable protein
source. In the first hours of incubation with limg N availability, higher gas production was
recorded compared to the two soybeans. On this,b@&& could be interesting in diets at low
protein content, currently suggested in order ttuce nitrogen excretion. No toxic effects on the
microbial yield were observed during the fermeotatiof the three different feeds. The third
contribute compared four diets formulated for besgtle, based on corn silage and containing WSS
or CE as protein sources at two different includewels, in order to obtain 15 and 11 % CP of DM

in the diets. Diets were tested using Rusitec fatare Compared to WSS, CE provided greater



NDF degradability (P < 0.01), produced less acedatt propionate (P < 0.001) but more butyrate
and branched-chain VFA. The total VFA productiorsvganilar for the two protein sources. With
regard to nitrogen balance, CE showed greafrenrichment in the non-ammonia N (P < 0.01)
and nominally lower values of microbial N derivedrh ammonia compared to WSS (P = 0.06). At
high inclusion level, th&N enrichments for ammonia N, non-ammonia N and tmateria N were
also greater than observed at low inclusion le¢els 0.001). In conclusion, the two feeds showed
different fermentation patterns. The manipulatiérdietary protein level seemed to lead primarily
to a variation of bypass protein, without effeatstioe synthesis of microbial N.

In the fourth contribute the same diets testedusifec fermenter (third contribute) were evaluated
using RF system (Ankom Technology, Macedon, NY, )YS@ order to evaluate their gas
production kinetics. Results showed that both N@Rd TDMd values were greater (P<0.05) for
CE diets compared to WSS, confirming the resultsiobd with Rusitec and as expected were
lower (P=0.04) for L compared to H diets. Compaie®#VSS, CE inclusion in the diets increased
the rate of GP (P<0.05;) but did not affect thaltaimount of GP. The reduction of CP level in the
diets from 15 to 11% decreased the rate of GP witledfects on total GP. Ammonia content
increased (P<0.01), as expected, with the levaietry CP. In conclusion, when diets with low
CE levels are used, the inclusion of rapeseed rakeplacement to soybean seeds could improve
the rate of degradation during the first hours efrfentation. In general CE obtained by cold
extraction on farm could be an interesting feedruminant feeding with economical and

environmental benefits.

Riassunto

Obiettivo generale di questa tesi e stato quellstutiiare e valutare il panello di colza (CE) dastra
a freddo in impianti aziendali di piccole dimensiper un potenziale utilizzo nell'alimentazione dei

ruminanti. Nella tesi sono riportati i risultati uattro prove sperimentali: nel primo contributo e
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stata valutata la stabilita della frazione lipiddsl CE a temperature diverse e per diversi pedodi
tempo al fine di valutare se la conservazione indcooni anche particolari (durante la stagione
estiva) in azienda, possa modificare il profilo ldegidi grassi e alcuni parametri di ossidazione
lipidica. | risultati hanno evidenziato che a dsertemperature (12, 24, e 36°C) e tempi di
stoccaggio (10, 20, e 30 d), CE ha mantenuto upadstabilita ossidativa, come evidenziato dai
bassi valori del numero di perossidi (<10 mg4@ grasso), dal test di Kreis sempre negativo, e
dalle scarse variazioni del contenuto di acidi gjtaBa questi risultati preliminari si puo ipotizea
che lo stoccaggio aziendale per i panelli sottoptibadttenuti dal colza in azienda, non determina
grosse variazioni della componente lipidica.

Nel secondo contributo sono state valutateyitro, le produzioni di gas prodotti da campioni di
CE e da semi di soia integrale incubando i qudistieati con due differentinedia uno ricco in a N

e uno senza N in modo da confrontare 'andamenite te¥mentazioni quando I'unica fonte di N
risulta l'alimento. | risultati hanno evidenziatthee CE € una fonte proteica rapidamente
degradabile; in caso di diete ipoproteiche comalgusuggerite per ridurre I'escrezione azotata, |l
sua inclusione potrebbe favorire I'attivita microdiruminale. Non sono sati rilevati effetti tossici
sulla microflora ruminale durante la fermentazideédue alimenti.

Nel terzo contributo sono state confrontatevitro quattro diete per bovini da carne a base di
silomais con 2 livelli di inclusione di CE e WS8,modo da ottenere un livello di proteina grezza
paria al 15% e all'l1% PG sulla sostanza secca, questa prova € stato utilizzato il sistema
semicontinuo di fermentazione Rusitec. Le dietet@oenti CE hanno mostrato una maggior (P
<0.01) degradabilita del’NDF , e prodotto meno<{®01) acetato e propionato ma piu butirrato e
acidi grassi ramificati. La produzione totale di ¥XGon é risultato diversa tra le due fonti
proteiche. I bilancio del’N ha mostrato un maggiuantitd (P <0.01) di arricchimento'iN
nell’azoto non ammoniacale e valori tendenzialmégRte= 0.06) inferiori di N microbico derivato
dalluso di ammoniaca rispetto alle diete con ismune di WSS. Nelle diete ad alto livello di

inclusione i valori di arricchimento N delle varie frazioni azotate sono risultati, coateso, pil
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alti (P <0.01) rispetto a quelle a basso livellondiusione. In conclusione i due supplementi hanno
mostrato andamenti fermentativi molto diversi. leddiversi livelli di inclusione hanno influito
principalmente sulla disponibilita di proteina bysg senza effetti sulla sintesi microbica.

Nel quarto contributo sono state testate, condnai¢a della gas production, le stesse quattro diete
usate nel precedente esperimento. E’ stato utibzitasistema RF Ankom® per testare la cinetica
della produzione di gas nel corso della fermentezid risultati hanno mostrato che sia i valori di
degradabilita del’lNDF che della SS sono stati niaggP < 0.05) per le diete contenenti CE
rispetto a quelle con WSS e, come atteso, sondtatisinferiori nella diete a basso livello di
inclusione delle due fonti proteiche. Le diete Gl state caratterizzate da una produzione oraria
di gas superiore (P < 0.05) in, ma non € variaigulntita totale di gas prodotto. La riduzione del
livello di CP da 15all’ 11% SS ha diminuito il tasdi produzione di gas ma non la quantita totale.

Il contenuto di ammoniaca nel liquido ruminaleehtine dell'incubazione é risultato piu alto (P <
0.001) nelle diete ad alto livello di inclusioneor€ludendo possiamo affermare che con diete a
basso livello di proteina, I'uso di CE in sostitozé alla soia, puo migliorare la velocita di
degradazione durante le prime ore di fermentazibngenerale, il panello di colza ottenuto per
estrazione a freddo in azienda potrebbe esserelimento interessante nell’alimentazione dei

ruminanti con effetti favorevoli sia dal punto dsta economico che ambientale.

Chapter 1

General introduction

In 2030 the world will need produce 50% more enettggn today, as argued by International
Energy Agency report (IEA, 2007), especially duettte increasing demands of some countries,

such as China and India. The most prediction morkgert that the peak of oil extraction has
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already occurred (Duncan and Youngquist, 1999; éye, 2008), with only a few studies
predicting that the peak will be occur in 2020dBaniet al, 2012). Limited availability of ail,

increasing demand for energy and growing probleeiated to environmental pollution have
encouraged many governments in the world to sumpitulture to grow crops for oil production.
Biodiesel can be used in engines in substitutiodiégel with minimal differences in performance
reported and very low harmful emissions and whensictering its whole life-cycle, the net
emission of carbon dioxide is very low (Faeahl.,2011; Silitongeet al.,2011). For these reasons,
biodiesel crops are a very interesting economiceeaspf agriculture (Carrarettet al, 2004;

Cetinkayaet al, 2005). Production of biodiesel is growing in erdo reduce environmental
pollution and due to the increasing cost of petmolederived fuels. In 2007, 10 billion litres of
biodiesel were produced in the world, an increasd 1®0% compared to 2000 (FAO, 2008).
Europe is the world leader in biodiesel producedleaginous crops with over 10 billion of liters

produced.

Figure 1. Biodiesdl production in theworld projected to 2017 (FAO, 2007)
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Due to the increasing price of fossil fuel and watincerns of public opinion about environmental
pollution, the limit of biodiesel production is umbwn. Some concerns were expressed by experts
about its sustainability, especially when agriadtis converted to “energy production” from “food
production”. Agriculture has historically producdte “fuel” to feed animals since man started to
use animals as tools to work: two centuries agoyrad 20 percent of the agricultural area in the
United States of America was used to feed workimghals (Sextoret al, 2007). Today agriculture

is working again to produce energy as fuel for nraes$) but in this case it is the use of by-products
that in many process of fuel production (i.e. aiiraction from oleagineuses) are obtained. Now the
use of crops could not only be for energy produmtht also for animal nutrition. The by-products
obtained from bio-fuel production could be avaiabr animal feeding. There are few studies

published about this topic.

1.1 Food and feed demand

The processes of food production, preservationdistdbution are very energy consuming and for
this reason, they contribute to €@mission. Moreover, consumers in developed castiemand
safe and high quality food that has been producigl mvinimal impact on the environment (De
Boer, 2003). The world population continues to giavd great pressure is being placed on arable
land, water, energy and biological resources twigean adequate supply of food whilst crucially
maintaining the ecosystem (Poritasthal.,2009). More than 99% of the world’s food supply &sm
from land, while less than 1% is from water researdn 2003, production of cereals, fruits and
vegetables, and meat was reported to be 2,085,%,245,056, and 253,688 thousand tons
respectively. It is expected the world populatiafi grow from 6.3 billion today to 8.9-12 billiomi
2050 (Cohen, 2003). The question is: will the ledk able to provide enough resource and food to
satisfy all the demands in the future? Demograginaavth will consequently have an increasing

food demand. As argued by Tilmanal.(2002) will result from a projected 2.4 fold incsean per

14



capita real income and from dietary shifts towaadsigher proportion of meat (much of it grain
fed) (Figure 2).
Figure 2. Long term trends, cereals and meat production (Tilman et al., 2002)
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Therefore the world will require an increased agtigal output. These will be major problems if
there is competition between agriculture for foowl dor energy production, as already seen in
developed countries. Competition and expansiongatalture for bioenergy may lead great land

use change resulting in loss of biodiversity (VpEH10).

1.2 Technical aspect of bio-diesel and Stright Vegetable Qil (SVO) production

By-products from biodiesel extraction are produdsdoil deprivation of oil seeds. The most
common crops used for oil extraction are soybeahrapeseed. Soybean production averaged 175
million tons per year from 1998 to 2002, followed &7 million tons of rapeseed, and 24 million
tons of sunflower seeds (Mattsen al., 2004). There are several methods to produce biedies
direct use and blending, micro-emulsions, thermatking (pyrolysis) and transesterification. The
most commonly used process is transesterificaim@getable oils (Fangrui and Milford, 1999).

The most common method to extract oil is a meclauulsemical method that usually includes

several processes.

* seed cleaning

15



* seed pre-conditioning and flaking

* seed cooking

* pressing the flake to mechanically remove a poraf the oil

* solvent extraction of the press-cake to remoeeréimaining oil

» desolventizing and toasting of the meal.

Mechanical-chemical extraction of oil is a veryi@#nt method because it leaves a very small
amount of residual oil in the meal (less than 2%g) high protein content. The method of extraction
has an effect on the quality of by-products, esplcdue to the use of high temperatures which
have a role on degradation of anti-nutritional dastand on protein quality. Oil extraction by
chemical methods do not permit the use of by-prted@meals) in organic chains, due to the
possibility of residual solvents.

Other methods to obtain oil and consequently bylpets (expellers) for animal feeding are
exclusively mechanical methods. Mechanical methcais be performed with or without pre-
heating of seeds before pressing, and the seedsaadly single or double pressed. Pressing plants
are usually of large scale when used in industyastems and include the pre-heating of seeds.
Small scale “on farm” plants usually employ colcessing systems in order to obtain straight
vegetable oil (SVO) without pre-heating of seeds.

Cold pressing is a relatively cheap process andbeamplemented on the farm in order to use oil
as fuel for modified tractor engines. However, tise of SVO in engines has resulted in mechanical
problems limited of its use as a diesel fuel sugti Developing new technologies in engine
building has reduced the potentially damaging ingpaf SVO in engines (Foret al, 2011).
Modification of tractor engines is not very expeesiand many companies are building several

machine models “oil ready”.
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Many researchers have studied the feasibility ahtegrated on farm system of SVO production as
an alternative to the use of biofuel produced lgdascale plants as large scale production of
biofuels is not sustainable and cannot be an atee to fossil fuels. As mentioned above, the
economic and environmental advantages are onlilpesassing small scale plants, where SVO is
produced and consumed, with low cost for the fasn{@rauet al., 2010). Production of SVO is
less expensive compared to biodiesel, due to defamtars. The most important among these are
the reduced chemical input as methanol (for chdnex@action), electricity and labor (Foe al,

2011).

1.3 Characteristics of by-products

Many food-industry and bio-energy processes pro@utage amount of by-products. By-product
feedstuff is defined as a product that can be useahimal feeding and is obtained during the
harvesting or processing of a commodity in whichmhan food or fibre is derived. By-product
feedstuffs can be obtained from plant or animalrses Growing interest in identifying and
guantifying by-product feedstuffs is due to theides$o understand and monitor environmental
wastes in developed and developing countries (F48819). There are many by-products derived
by industries characterized by region and countriesluding agricultural crops, remaining
feedstuffs, human food and their production. Thecessing or harvesting of selected commodities
were shown to generate tremendous tonnage of plaptoduct feedstuffs. Animals can convert
many by-product feedstuffs into human edible présland reduce animal waste. Assuming the by-
products need to be disposed of and are generamd ie the absence of an animal industry,
thereby providing an important and sustainableaisetural resources, As showed in Table 1, by-

products are produced in high quantities and tlaeybe a massive source if fed to animals.
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Table 1. By-product feedstuffs DM produced in 1993 expressed as 103 metric tons (MT) and

kg/capita (Fadel, 1999)

By-product feedstuffs Argentina Egypt Kenya Mexico KoreaRep China USA World
Miscellaneous
Almond hulls 1 0 0 0 0 31 668 2,251
Bagasse 1,229 895 345 3442 0 4,307 2,311 80,252
Beet pulp 0 34 0 0 0 406 1,101 10,947
Brans 984 1,790 186 1,953 856 32,352 6,121 106,441
Brewers grains 38 1 13 161 13 466 872 4,005
Citrus pulp 78 70 0 122 24 240 517 2,300
Cottonseed, whole 0] 0] 0 1} 0] 2,506 2,067 5,656
Molasses 228 100 52 505 0] 82 1,372 9,231
Miscellaneous total (10° MT) 2,557 2890 596 6,183 893 40,389 15,030 221,084
Miscellaneous (kg/capita) 75 48 23 70 20 34 57 40
Cakes
Soybean 80 383 2 1,933 1,281 6,682 20,254 67,097
Groundnut 26 0 0 10 2 1,123 146 4,472
Sunflower seed 139 21 7 67 22 256 368 7,303
Rape and mustard seed 10 0 0 238 477 2,199 596 12,002
Cottonseed 3 194 1 142 324 749 1,162 7,952
Palm kemnel 0 0 0 2 0 21 0 1,971
Copra 0 0 1 56 39 6 1 1,681
Sesame seed 0 0 0 3 15 144 0 710
Miscellaneous cakes 10 0] 23 116 150 652 219 7,408
Com Germ Meal 13 0 1] 63 73 57 289 2,441
Com Gluten feed and meal 30 0 0 243 254 56 252 10,236
Soap stock oils 3 4 0 18 18 74 88 831
Cakes total (10° MT) 322 602 34 2,891 2,658 12,019 23,374 124,105
Cakes (kg/capita) 10 10 1 33 60 10 89 22
Crop Residues
Wheat 4,413 2,208 69 1,637 1 48,608 29,798 257,892
Rice 332 2,268 28 157 3,546 97,983 3,859 287,483
Barley 87 25 12 102 84 785 1,639 32,147
Maize 1,699 785 326 2,825 13 16,068 25,082 73,976
Crop Residues total (10° MT) 6,530 5286 434 4720 3,643 163,444 60,377 651,498
Crop Residues (kg/capita) 193 88 17 54 83 137 230 118
Total (10° MT) 9,409 8,778 1,064 13,794 7,194 215,852 98,781 996,686
Total (kg/capita) 278 147 41 157 163 180 377 180

One of the most important sections of by-producdpction is the bio energy production, and
especially bio-fuel production, such as bio-digg®lduced by vegetable oil. In this thesis, the by-
products obtained from SVO extraction with coldgsiag method will be considered.

By-products obtained by pressing are richer indui oil compared to by-products obtained by

chemical extraction, therefore they have a highmergy content and do not have the limitations
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related to chemical extraction. One of the mostmoamly used oil seed in cold pressing method is
rapeseed. Rapeseed occupies a leading positioheirprioduction of oil crops, as it contains
nutritionally highly valuable compounds (Gawrysiktulskaet al, 2012). Rapeseed production in
Europe has increased two-fold in the last 10 yeand,it is the second oil seed crop (after soybean)
in the world with a production of 60.6 million miettonnes (Table 2) in 2012 (Thoenes, 2012).

Table2. World production of major oilseeds (T hoenes, 2012)

2009/10 2010/11 211/12 Change 2011/12
over 2010/11 %
Million metric tonnes
Soybeans 259.7 265.3 240.0 -9.5
Rapeseed 61.4 60.9 60.6 -0.5
Cottonseed 40.4 43.5 46.6 7.1
Groundnuts (unshelled) 34.9 36.9 36.4 -1.6
Sunflower seed 32.8 33.2 38.0 14.5
Palm kernels 11.7 12.6 13.0 3.8
Copra 5.8 4.9 5.6 15.2
Total 446.3 457.3 440.2 -3.7
1.4 Rapeseed
Taxonomy

Kingdom:Plantae

Division: Magnoliophyta

Class:Magnoliopsida

Order:Brassicales

Family: Brassicaceae

Genre:Brassica

SpeciesNapus

Rapeseed is a grass member of the cabbage faBriggicaceaeor Cruciferaceag which also
contains mustard, turnips, and kale. The name ferucomes from the shape of flowers, with four
diagonally opposite petals in the form of a cré&&dNapushas dark bluish green foliage, glaucous,
smooth, or with a few scattered hairs near the msr@nd partially clasping. The stems are well
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branched, although the degree of branching dependsariety and environmental conditions;
branches originate in the axils of the highest ésawn the stem, and each terminates in an
inflorescence. The inflorescence is an elongatedma, the flowers are yellow, clustered at the top
but not higher than the terminal buds, and openangsvfrom the base of the raceme (Musil,1950).
Rapeseed is grown in cold regions usually unsweté&n growing soybean and cottonseed, such as
Northern Europe, China, India, Canada, higher apidet areas of South America. Rapeseed
contains several anti-nutritional factors (gluco$ates, tannins, erucic acid, sinapine, phytic ,acid
mucilage), which can cause liver damage, decreagermance and feed consumption and can
have a negative effect on reproductive performdhtabonet al.,2000).

Most observed anti-nutritional factors are glucokates because they are responsible for reduction
in animal performance. In addition low palatabiligduces the voluntary intake by animals. New
varieties of rapeseed were developed by genegctsah in order to obtain plants with low contents
of erucic acid and glucosinolates. These new vasgetre currently the most commonly grown and
are called “00” (0 erucic acid and 0 glucosinolatdfie canola CP content can range from 41 to 45
% DM. The protein fraction was found to have a hilipestibility value and high biological value
that was comparable to soybean, but with a lon&né/and greater methionine content (Betsal,,
2007; Glencroset al., 2004). Canola fat is rich in unsaturated fattydadhat have a beneficial
effect on cardiovascular dysfunction and other plagies present in the developed countries
(Magné et al., 2009). Canola contains a high lefesulphur that has to be considered when
included in diets for animals as this can unbalaheecationic and anionic ratio. The fiber content
(NDF or ADF) is higher compared to other seeds wad found to limit nutrient utilization of
canola meal, which can be reduced by dehulling (&fa®t al, 1996). A chemical composition of

Canola seeds is highlighted in table3:
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Table 3. Chemical composition of canola seeds (Sauvant et al., 2004)

Main Constituents

Aminoacids content

as feed on DM as feed on DM % CP
Dry matter (%) 92.2 100
Crude Protein (%) 19.1 20.7 lys 11.9 12.9 6.2
Gross Cellulose (%) 8.2 8.9 thr 9.1 9.9 4.8
Lipids(%) 42 45.6 met 4.2 4.6 2.2
Ash (%) 4 4.3 cys 4.7 5.1 2.5
Insoluble Ash (%) 0.3 0.3 met+cys 8.9 9.7 4.7
NDF (%) 17.6 19.1 trp 25 2.7 1.3
ADF (%) 12.4 13.4 ile 7.7 8.4 4
ADL (%) 5.5 6.0 val 10 10.8 5.2
Starch (%) 0.0 0.0 leu 12.2 13.2 6.4
Gross Energy (MJ/kg) 26.4 28.6 phe 7.2 7.8 3.8
Ca (g/kg) 4.7 5.1 tyr 5.5 6.0 2.9
P (g/kg) 6.6 7.2 phe-+tyr 12.8 13.9 6.7
Fatty acids (g/kg) his 5.1 5.5 2.7
Myristic, C14:0 0.4 0.4 arg 114 12.4 6
Palmitic, C16:0 16.8 18.2 ala 8.6 9.3 4.5
Palmitoleic, C16:1 1.6 1.7 asp 13.5 14.6 7.1
Stearic, C18:0 7.2 7.8 glu 28.6 31.0 14.9
Oleic, C18:1 231.3 250.9 gly 8.9 9.7 4.6
Linoleic, C18:2 81.8 88.7 ser 8.5 9.2 4.5
Linolenic, C18:3 39.1 42.4 pro 12.4 13.4 6.5
Mineral elements (g/kg)
Calcium 4.7 5.1
Phosphosus 6.6 7.2
Magnesium 2.4 2.6
Potassium 7.8 8.5
Sodium 0.9 1.0
Chlorine 3.3 3.6
Sulphur 184.0 199.6
Manganese 34.0 36.9
Zinc 40.0 43.4
Copper 3.0 3.3
Iron 216.0 234.3
Selenium 0.8 0.8
Vitamin E 117.0 126.9
Phytate P/ total P (%) 70.0
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1.5 Canola by-product of oil extraction by cold pressing oil extraction

As discussed previously, the cold pressing system method that is of increasing interest for its
positive effect on the environment and lower castpared to other more efficient large scale
methods. The expeller obtained from cold extractioethod, especially when the extraction is
produced in small plants, had a highly variablentical composition in different experiments:
Leming and Lember (2002) obtained canola cake &p20% of residual oil, Thacker and Petri
(2009) with 27%, Spragg and Mailer (2007) with 13%he variability of residual oil values is
probably due to different conditions, pressing etes and temperature. Compared to the canola
meal, canola expellers have higher residual oil #mefefore, a higher energy content. This
increases the interest not only as protein souncéslso as a high energy feed, especially when
used in monogastric diets. In contrast, the eftéaanola expellers inclusion in diet for ruminants
is still poorly studied and many doubts have beenfprward about the stability of lipid fraction
during storage, the effect of lipids on rumen miab population and consequently on its
degradability. In addition to which cold-pressedaseed oil has been shown to be more susceptible
to autoxidation than refined rapeseed oil. Theetdtas been attributed to the higher hydroperoxide
and free fatty acid contents of the unrefined @inpared to refined oil, where the refining process
reduces tocopherols and phenols that protect lifioisy oxidation (Koskiet al, 2002). High
residual oil could be responsible for some negagivects in the rumen, in particular when used in
high inclusion levels in diets for ruminant. Theclusion of lipids can inhibit rumen microbial
activity, and especially for cellulolytic (fibrolyt) bacteria, with negative effects on fibre
degradation. Lipids in the rumen reduce fermentabédter and hydrogen consumption by bio-
saturation of unsaturated fatty acids from methanagbacteria (Van Nevel and Demeyer, 1988).
In addition to which polyunsaturated fatty acidsagsiically reduce protozoa number and
consequently their endo/ectosymbiotic relationshipph methanogenicarchea (Newbold and
Chamberlain, 1988). Consequently inclusion of camalke in ruminant feeding could be a strategy

to reduce methane production in the rumen. In otdexvaluate the effect of canola expellers at
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different levels in the rumen, two different expeents were conducted using differentvitro

methods.

1.6 Evaluation of energy value of ruminant feeds

In vivo methods for the estimation of the nutritional \alof ruminant feeds requires surgically
modified animals with ethical problems and hightspmited analytical capacity and inability to
evaluate many types of feeds. For these reasouso techniques tend be unattractive (Moeld

al., 2005) and the use @i vitro methods has increasdd.vitro techniques are more rapid, precise
and have greater repeatability and reproducibiiiyh the degree of variation related to the
methodology adopted. In order to evaluate the tmal aspect of canola cake, two differemt
vitro methods were used:

RUSITEC (RUmen Simulation TEChnique), developeddagrkawski and Breckeridge (1977), is
an apparatus to allow the microbial growth whikgpnoducing the conditions of inside the rumen.
Rusitec can maintain these ideal conditions oyamobonged time. Rusitec permits the collection of
rumen fluid samples, evaluation of degradabilityfesd, analysis of gas produced, end products of
fermentation and analyses of rumen microbial agtiviFermentative units are filled with artificial
saliva as buffer to control pH variation, rumenidliand two filter-bags containing the feed to
analyse. The bags are replaced alternatively lnabag after 48 hours of fermentation. During the
experimental period artificial saliva is infusedntiauously using a peristaltic pump, in order to
control pH inside the vessel, while the filter-bagentaining feeds are gently agitated by a
mechanical system. The vessels are kept at 39%Cth¢i artificial saliva it is possible to infuse a
microbial marker in order to monitoring activity.olection of microbial samples for molecular
analyses is possible directly from the inside &f tbrmenter vessels. Rusitec is a complete system

because it allows numerous molecular analyses amobial populations evolution and protein
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synthesis during the experimental period due tos#rai-continuous system in which bacteria can
live over long time.

RF system (Ankom technolofyis a fully automated system that permits the mesment of gas
production at different times, its kinetics andedatination of incubation residual products. RF
system consist of bottles, each equipped with aot®inic module with a pressure detector that
transmit the variations of pressure to a compugewipeless connection. The pressure is recorded at
set time intervals and gas accumulated in the Bpade of the bottles is automatically released by
an electronic valve when previously determined ues is reached. The fermentation bottles are
filled with a buffered solution and rumen fluid, &ot as a bacterial inoculum. Rumen fluid can be
collected by oral probe from cows as donors oratlyeat the slaughterhouse. RF allows the
measurement of feed degradability and residual ymotsdof incubation (VFA, Nk), whilst many
other parameters of fermentation could be detewstexh the protocols are developed.

In contrast to the RUSITEC, the RF system is natismntinuous and the fermentations are time
limited. Following the standard protocols of inctiba, it is hard to determination of the microbial
growth derived by fermentation of protein in thedeand not from N content in the rumen fluid.
However, using a N-free buffer and N-depleted rurfheid it is possible to evaluate the effect of
nitrogen content in the feed analysed (Ceneal., 2009). Employing Rusitec and RF to test the

effect a feed is possible have more complete inddiom on nutritional aspects of feed tested.
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Chapter 2

General aims

The general aim of the this thesis is the studgamiola expellers (CE) extracted by cold method in
small plant and evaluation of its use in ruminaatriion. Four experimental contributes will be
presented: in the first contribute, the conservaidd CE was evaluated at different times and
temperatures in order to determine if the storag®ditions usually found in on the farm caused
changes in volatile fatty acids composition profile the second contribute vitro gas production
(GP) values were compared for CE, whole soybead sed soybean meal by incubating feed
samples with N-rich or N-free buffer in order tongoare the effect of feed protein in rumen. The
third contribute compared four diatsvitro for beef cattle containing whole soybean seechopla
expeller as protein sources at two inclusion lef@digestibility, gas production, end-products of
fermentation, nitrogen balance and microbial agtiusing the Rusitec fermenter. Finally in fourth
contribute the same diets tested in Rusitec feremefthird contribute) were evaluated using RF

system in order to evaluate their gas productioetics.
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Effect of pressing, storage temperature and stor age time on chemical
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Abstract

This experiment aimed to investigate the effectdifdérent temperatures and times of storage
on chemical composition, fatty acid profile, anddative stability of canola expellers obtained
from cold-pressing extraction of oil. Canola seedse obtained by eight hybrid cultivars of canola
seeds were single-crushed at moderate temperd@0%3) using two presses equipped with a
rotating screw shaft within an horizontal barrefte& each pressing session, 9 samples of canola
expellers (100+1 g) were randomly collected, irestibto sealed bags, placed into three incubators
(3 bags/incubator) set at different temperatur@s 24 or 36°C), and stored over three periods of
times (10, 20 or 30 d). The same analyses wereunbted on samples (100£1 g) of canola seeds

collected before each pressing session and anthefeeach storage time. Chemical composition,
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fatty acid profile, peroxide number and Kreis testanola seeds and expellers, were determined.
Canola expellers lipid content found in this tias high, because of the efficiency of oil extracti
from canola seeds, using the small plant, was Moaderate temperatures (60°C) were applied for
the extraction of oil. Before storage the fattydggrofile of canola seeds and expellers differed
significantly, except for the content of myrist<0.18), palmitic (P=0.57), oleic (P=0.07), and
linolenic acid (C18:3 n-3; P=0.45). Compared to¢hrola seeds, expellers showed greater content
of saturated (SFA), poly-unsaturated (PUFA), aneégan6 fatty acids (P<0.01), and definitely
higher peroxide values (P<0.01). Conversely, theert of mono-unsaturated fatty acids (MUFA)
was significantly lower (P<0.01). In the currentrigperoxide values provided by canola expellers
averaged 4.22 and 4.11 mEqg/kg fat before and stideage, respectively, Kreis test, resulted
negative for all samples. Under different tempeaed {12, 24 and 36°C) and times of storage (10,
20 or 30 d), canola expellers showed to maintajoad oxidative stability, as evidenced by low
peroxide values (< 10 mEg/kg fat) and negativeanse for Kreis test. From these results it could
be hypothesized that the storage of by-productsetkfrom the productive cycle of biofuel is
possible. Canola expellers tested in this experinaspite great oil residual (17-19% EE on DM
basis), could be potentially used as animal feasl$he level of peroxides was definitely under the
threshold supposed to impair rumen function.
Introduction

Canola represents the trademark of a particulaesega with low content of erucic acid (< 5%
by weight, for EU) and glucosinolates (< 30 mmollkyl, for EU). In the last years an increasing
number of farms has been equipping with small-sitaedlities for mechanical extraction of oil
from canola seeds. After the extraction, the oussally converted in biodiesel and utilized ad fue
for tractors, whereas the resulting by-productsi¢ta expellers) are included in ruminant diets as
protein and fat sources. This productive cyclersfisconomical and environmental advantages, as
it contributes to reduce the need for carburansifaa agricultural industry and to recycle the

resulting expellers as animal feeds (Baquetral, 2010; Estebaet al, 2011). However, to date,
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information about the nutritional and energy vatidecanola expellers are still limited. Literature
indicates that oil content of canola expellersxgeamely variable, with a fat percentage ranging
from 8 to almost 30% DM, as the mechanical extoacis a poorly standardized and efficient
method (Leming and Lember, 2005; Spragg and Ma#@07; Thacker and Petri, 2009). Further,
the canola oil, as all vegetable oils, is charamer by a great degree of unsaturation and, tlsus, i
susceptible to oxidation (O’Brien, 2008; Mattha@®12). This chemical profile could strongly
reduce the possibility to store canola expellergaan level and discourage their utilization in
animal feeding. Thus, the identification of techreg to store canola expellers at farm level could
represent a topic of public and scientific inter@stis experiment aimed to investigate the effetts
different temperatures and times of storage on a®ntomposition, fatty acid profile, and
oxidative stability of canola expellers obtaineafr cold-pressing extraction of oil.
Material and methods
Experimental design and analytical procedures

Canola seeds were obtained by eight hybrid cukiv#r canola. The hybrids were Dkexme,
Excalibur, and Excel (Dekalb, Monsanto Agricolt@pa, Lodi, Italy), PR46W10 (Pioneer Hi-Bred
srl, Cremona, ltaly), Pulsar and Tissot (Societlidha Sementi Bologna, Italy), Toccata and
Makila (Maisadour Semences ltalia, Verona, Italybrids were grown and harvested at the pilot
farm of the Veneto Agricultura Agency (Caorle, Veree Italy). After harvest, canola seeds were
screened to remove extraneous material, artifdnigdd and stored until pressing for oil extraction.
Three pressing sessions were conducted in threeessice months, where canola seeds were
single-crushed at moderate temperatures (60°Cpusia presses equipped with a rotating screw
shaft within an horizontal barrel (Mailca Srl, Modg Italy). The two presses had an input flow rate
of 120 kg/h of seeds, with a production of 40 kgfhoil and 80 kg/h of expellers. After each
pressing session, 9 samples of canola expelle®t{1) were randomly collected, inserted into
sealed bags, placed into three incubators (3 egd/ator) set at different temperatures (12, 24 or

36°C), and stored over three periods of times 200or 30 d). These temperatures and times were
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chosen to simulate different storage conditionfaah level. Chemical composition and fatty acid
profile of canola expellers, previously ground tofn using a hammer mill (Pullerisette 19, Fritsch
GmbH, Laborgeratebau, Germany), were determinedr®edtorage (t = 0) and at the end of each
storage time (10, 20, and 30 d). The same analyses conducted on samples (100+1 g) of canola
seeds collected before each pressing session. Cdleamalyses were performed in the same
laboratory by the same technician. Samples werb/sethfor dry matter (DM; # 934.01; AOAC,
2003), crude protein (CP; # 976.05; AOAC, 2003)¢eetextract (EE; # 920.29; AOAC, 2003), ash
(# 942.05; AOAC, 2003), and neutral detergent fifa&DF), as suggested by Mertens (2002). The
aNDF fraction, inclusive of residual ash, was deiaed witha-amylase and sodium sulphite using
the Ankont?° Fibre Analyzer (Ankom Technolofy Macedon, NY, USA). The fatty acid profile
was determined in duplicate using a Thermo Finni§gectra System AS3000 autosampler
(Thermo Electron Corporation, Waltham, MA, USA) gped with a HSO, 0.0025 N Bio-Rad
HPX-87H column (Bio-Rad Laboratories, Richmond, CBSA). After the extraction with
chloroform and methanol (Folokt al, 1957), the oil was analysed for peroxide numbsing
conventional iodometric titration with thiosulfafieroxide value of oils and fats, #965.33; AOAC,

2003), and for Kreis test (NGD, C 56, 1979;).

Statistical analysis

Experimental data were subjected to analysis ofamae using the general linear model
procedure (PROC GLM) of SAS (2005). For fatty goidfile provided by canola seeds and canola

expellers before storage (t = 0) the model incluthedeffects of feed and pressing session:
Vi =+ F+ B+ FR + g

where: y« = single observation, p = overall mean=Feffect of feed (i = 1 to 2);;P effect of

pressing session (j = 1 to 3) asd= residual error. For chemical composition andyfattid profile
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of samples canola expellers collected after thiemiht periods of storage at different temperatures
the model included the effects of pressing sessstorage temperature, storage time, and the

corresponding interactions.

Yk =u + B+ T+ Lg + PTy + Pl + TLk + €

where: Yj« = single observation, p = overall mears Rffect of pressing session (i = 1 to 3)~T
effect of storage temperature (j = 1 to 3)A.effect of storage length (k = 1 to 3);iPPLi, TLjx =
first order interaction anglyq = residual error. Significant differences were s accepted P <

0.05.

Results and discussion

The proximate analysis of canola seeds and expelféer each pressing is given in Table 1, The
differences (especially for lipid content) amongegsing sessions could be due to sampling
procedures. However, chemical values provided Iopleaseeds resulted in agreement with tabled
data (NRC, 2001). In the current work canola exgpelshowed a similar CP content (from 30.6 to
30.9%DM), whereas lipid content (from 17.5% to 20.DM)varied notably among pressing
sessions depending to the value of the seeds é&ito 46.3% DM) to . The highest value was in
line with findings of Leming and Lember (2005), antéermediate between 13% DM reported by
Spragg and Mailer (2007) and 27% DM observed byckéaand Petri (2009). However, in relative
terms, lipid content found in this trial must to bensidered high, and this evidences that the
efficiency of oil extraction from canola seeds,ngsthe small plant, was low. Literature indicates
that processing conditions, and especially the rarmbpressings, can influence largely the amount
of residual oil in the expellers (Weigal, 1991; @eosset al, 2004). Currently, the common
practice is to press seeds once or double timegjdhble pressing ensures a greater recovery of oil
from seeds but also causes the generation of leigipdratures inside the pressing system, that

could reduce the storability of oil by increasingaunt of free fatty acids (Matthdus, 2012). In the
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present study canola seeds were subjected to gingising, as the purpose was to evaluate the
possibility to store expellers with a great oilidesl. Further, moderate temperatures (60°C) were
applied for the extraction of oil, to avoid possilalterations of fatty acid profile. Before stordge

= 0), the fatty acid profile of canola seeds anpediers differed significantly, except for the cent

of myristic (P=0.18), palmitic (P=0.57), oleic (P6®), anda-linolenic acid (C18:3 n-3; P=0.45)
(Table 2). Compared to the canola seeds, expallernaed greater content of saturated (SFA), poly-
unsaturated (PUFA), and omega-6 fatty acids (P30.84d definitely higher peroxide values
(P<0.01). Conversely, the content of mono-unsatdrédtty acids (MUFA) was significantly lower
(P<0.01) in the expellers compared to the seedaeMer, notable differences were found between
the fatty acid profile of expellers and that ofginal seeds. Harris and James (1969) stated that th
temperature controls the dehydrogenation of fatigsaby influencing the amount of available
oxygen. More in detail, the dehydrogenation is lguanited at increasing temperatures, as the
oxygen becomes less soluble and, hence, availalifeicell cytoplasm. On this basis, it could be
hypothesized that the decrease of MUFA contenkpellers with respect to the original seeds was
related with the effect of temperature during thesping. Pressing session influenced significantly
(P<0.01) only the SFA content and the ratio betw8EA and unsaturated fatty acids (UFA), that
resulted greater in the second session comparttetothers. Results of this trial also revealed as
the amount of peroxides markedly increased pasog canola seeds to expellers (Table 2).
Laubli and Bruttel (1986) noted that formation afr@xides is enhanced by temperature, thus it
could be hypothesized that the increased contepewfxides in canola expellers was related with
heat arisen from the pressing of seeds. Considénmganola expellers after the different storage
conditions, pressing session showed significantcedf on the NDF (P<0.05) and ash (P<0.01)
content (Table 3), but these differences were pnesly related to the fact that expellers derived
from various canola cultivars rather than to a efgdct of pressing procedure. The temperature and
time of storage affected significantly, as expectdee dry matter of expellers with a linear

increment at increasing temperature and time. &bk bf significant effects due to the pressing
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session provides evidence that the pressing proedthd a satisfactory degree of standardization.
On the other hand, the presence of notable efteetdo the feed seems to suggest that the pressing
procedure changed strongly the fatty acid profilexpellers compared to that of original seeds. To
date, effects of processing conditions on nutrgofile of expellers have been little investigated.
Some authors found that processing can affectaheent of glucosinolates (Newkirk and Classen,
2002; Seneviratnet al, 2011) and of amino acids in the residual expel(@&eneviratnet al,
2011), whereas, to our knowledge, no informatianarailable about possible effects on fatty acid
profile of these by-products. In the current wdhe fatty acid profile of canola expellers appeared
in line with literature ( on average: C18:1, 55.5@48:2, 20.3 %; C18:3, 6.3 %). Deng and Scarth
(1998) reported that the conventional canola oftams about 6% of SFA, 55-60% of oleic acid,
20-26% of linoleic acid, and 8-10% oflinolenic acid. During the storage, peroxides weslu
decreased notably (P<0.01), irrespective from teatpee and time (Table 4). In the current work,
peroxide values provided by canola expellers awstaty22 and 4.11 mEqg/kg fat before and after
storage, respectively (Table 4). VazquamA and Jenkins (2007) observed that peroxide values
similar to those found in this experiment (3.5 nkggfat) did not impair rumen fermentation and
microbial activity. The same authors hypothesizet peroxide values of 215 mEqg/kg fat could be
sufficient to affect negatively the rumen functi@n this basis, it could be concluded that canola
expellers showed a good oxidative stability atedhperatures and times of storage. This pattern is
also supported by the responses of Kreis test, rdmitlted negative for all samples (data not
shown). In this experiment, the permanence of algoadative stability was presumably favoured
by moderate temperatures used. To this regard,iks. (2002) found that rapeseed oil stored at
70°C reached peroxide values of 70 mEqg/kg fat withnly 4 days. Naczkt al. (1998) indicated
that rapeseed and canola oil, compared to otheeadl, have the greatest content of phenolic
compounds with antioxidant properties (i.e. sinagal and tocopherols), and this argument was
supported by several studies (Bandoniehal, 2000; Koskiet al, 2002; Amarowiczt al, 2003;

Shenet al, 2012). The presence of these compounds makeseeghand canola oil more persistent
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to the occurrence of oxidative process (Naetlal, 1998). In the current work, canola expellers
were not characterized for phenols, but it couldiygposed that these substances, being heat-stable
(Shenet al, 2012), contributed to preserve the oxidative itglof expellers during the storage at

different conditions.

Conclusions

Under different temperatures (12, 24 and 36°C) ameés of storage (10, 20 or 30 d), canola
expellers showed to maintain a good oxidative Btgpas evidenced by low peroxide values (< 10
mEg/kg fat) and negative response for Kreis tesbnmFthese preliminary results it could be
hypothesized that the storage of by-products ddrifrem the productive cycle of biofuel is
possible. Further, canola expellers tested indkeriment, despite great oil residual (17-19% EE
on DM basis), could be potentially used as aniread$, as the level of peroxides was definitely
under the threshold supposed to impair rumen fandtr 200 mEq of peroxides/kg fat). However,

the latter hypothesis should be validaitedivo.
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Table 1. Chemical composition of canola seeds amwla expellers before storage (t = 0) in the
three pressing sessions.

Canola seeds Canola expellers

ltem Pressing session Pressing session
I Il Il I Il 1]

Dry matter % 94.1 93.8 94.1 92.4 92.2 92.5
Ether extract % DM 42.2 46.3 447 17.5 19.1 18.7
Crude protein % DM 20.6 20.3 20.5 30.7 30.6 30.9
Neutral detergent fibre % DM 27.6 25.8 26.9 21.1 .819 214
Ash % DM 4.3 4.2 4.2 6.3 6.2 6.4
Non-structural carboidrates 5.3
%DM 3.4 3.7 24.4 24.3 22.6
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Table 2. Effect of feed and pressing session oty fatid profile of canola seeds and canola
expellers before storage (t = 0) in the three jmgssessions.

Canola seeds Canola expellers P value
Fatty acids, % Pressing session Pressing session SEM Pressing
Feed .
I I 11 I [l " session

C14:0 009 0.09 009 0.07 011 0.12 0.005 0.18 0.06
C16:0 763 769 738 810 823 837 0.045 0.57 0.93
C18:0 1.09 1.09 109 1.50 1.10 1.09 0.045 0.07 0.06
SFA 10.3 10.3 10.1 113 12.1 11.3 0.221 <0.01 <0.05
C18:1 509 594 595 561 56.1 56.0 0532 <0.01 001
MUFA 645 64.1 644 620 621 620 0.341 <0.01 0.17
C18:2 191 193 193 204 194 204 0.163 <001 60.2
C18:3n-3 6.2 6.1 6.2 6.0 6.0 6.0 0.010 0.61 0.07
PUFA 253 256 255 26.7 257 26.6 0.167 <0.01 0.21
Q-6 19.0 192 19.2 20.8 19.6 20.8 0.215 <0.01 0.19
Q-3 6.1 6.0 6.1 6.1 6.1 6.1 0.010 0.45 0.06
SFA/UFA 0.11 0.12 0.1 0.3 014 0.13 0.002 <0.010.0%
MUFA/PUFA 255 251 252 233 241 233 0.027 <0.010.40
Q-6/Q-3 3.14 317 310 338 320 3.38 0.034 <0.01 0.28
Peroxides meqgkg 1.29 147 2.05 7.13 4.55 3.24 0.618 <0.01 0.21

Fat
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Table 3. LS means: effect of pressing sessionagétemperature, storage lenght and their
interactions on chemical composition of canola depeafter storage at different temperatures and
times.

Dry matter Ether Crude Neutral Ash Non-
extract protein detergent structural
fibre carboidrates
Pressing session, P
I 92.8 18.2 30.9 21.4 6.21 23.23
Il 92.8 18.8 30.8 20.5 6.21 23.60
1l 92.8 194 31.2 21.1 6.41 21.88
Storage temperature, T
12°C 92.1 18.8 30.8 21.3 6.29 22.86
24°C 92.3 19.2 31.0 21.2 6.31 22.33
36°C 94.0 18.5 31.1 20.6 6.30 23.52
Storage lenght, L
10d 92.5 19.0 31.0 20.9 6.29 22.85
20d 92.8 18.3 31.0 20.9 6.31 23.52
30d 93.0 19.1 31.0 21.2 6.31 22.34
SEM 0.162 0.245 0.062 0.130 0.016
P value
P 0.913 0.189 0.072 0.018 <0.001 0.080
T <0.001 0.507 0.175 0.041 0.680 0.270
L <0.001 0.383 0.974 0.340 0.681 0.280
PxT 0.211 0.271 0.561 0.144 0.197 0.440
PxL 0.198 0.497 0.400 0.320 0.321 0.846
TxL <0.001 0.266 0.733 0.382 0.402 0.444
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Table 4. Effect of pressing session, storage tstwrage temperature and their interactions on fatigt profile of canola expellers after storage at

different temperatures and times.

Fatty acids, %

C14.0 C16:0 C18:.0 SFA C18:1 MUFA C18:2 C18:3 PUFA Q-6 Q-3 SFA/UFA MUFA/PUFA Q-6/Q-3 Peroxides
Pressing session (PS)
I 0.07 7.4 1.4 11.1 54.7 61.8 20.4 6.4 271 206 5 6. 0.12 2.28 3.18 4.99
Il 0.18 7.5 1.0 11.1 55.9 62.1 20.2 6.2 267 204 4 6 0.12 2.32 3.20 4.31
1 0.11 8.0 1.2 11.1 56.0 62.0 20.4 6.2 26.8 20.66.3 0.12 2.31 3.30 3.38
Storage temperature (T)
12°C 0.07 7.8 1.2 10.8 56.2 62.2 20.4 6.2 269 20.66.3 0.12 2.31 3.26 5.69
24°C 0.20 7.7 1.1 11.0 55.7 62.0 20.5 6.3 269 20.76.4 0.12 2.30 3.24 4.21
36°C 0.08 7.4 1.2 11.4 54.8 61.7 20.2 6.3 26.8 20.46.4 0.13 2.30 3.18 2.79
Storage time (ST)
10d 0.10 7.9 1.1 11.0 55.4 61.9 20.0 6.2 27.0 20.%.3 0.12 2.28 3.30 4.12
20d 0.10 7.9 1.2 104  55.7 62.3 20.7 6.3 27.2 20.%.5 0.12 2.30 3.18 4.17
30d 0.18 7.3 1.2 11.3 55.0 61.7 20.4 6.5 269 20.%.6 0.13 2.29 3.11 3.66
SEM 0.032 0.21 0.044 0.2150.286 0.163 0.070 0.067 0.096 0.073 0.065 0.003 080.0 0.031 0.374
P value
PS 0.60 <0.05 <0.05 0.99 0.16 0.81 0.08 <0.01 0.20.09 0.35 0.99 <0.05 0.25 <0.01
T 0.38 0.34 041 0.59 0.20 053 <0.01 0.07 0.88 0kO0. 0.78 0.58 0.62 0.52 <0.01
ST 089 014 086 0.38 0.64 0.66 <0.01 <0.05 <0.e0.05 0.10 0.40 <0.01 0.08 0.06
PSxT 0.62 0.28 049 0.32 0.30 0.26 0.36 0.24 0.3261 0.44 0.32 0.14 0.36 0.30
PS x ST 0.61 <0.01 0.53 0.80 0.44 0.87 <0.01 0.53560<0.01 0.59 0.69 0.75 0.50 <0.01
T x ST 051 0.16 0.30 0.67 0.43 0.67 <0.01 <0.01150.<0.01 0.92 0.77 0.06 0.65 0.06
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Abstract

Aim of this work was to evaluate the effects of aidh (MS) and a N-free (NF) medium on
in vitro gas production (GP) of high-protein feeds. Sam(@es5 g) of soybean meal (SBM) and
whole soybean seed (WSS), and canola expeller (@€E placed in three replicates into bottles
(310 ml) with 25 ml of rumen fluid and 50 ml of arldh medium, or with 5 ml of rumen fluid
and 95 ml of a N-free medium, and incubated foh7Each bottle was equipped with a pressure
detector and a mechanical valve that was set easel gas at fixed pressure (3.4 kPa). Feeds
were also analysed in triplicate for proximate cosipon and for aNDF(dNDF) and true DM
(TDMd) digestibility at 48 h. Experimental data weanalysed by ANOVA, considering the
effects of medium and feed as sources of variattmmpared to the two soybeans, CE showed
lower values of dNDF and TDMdP(< 0.01). The NF medium provided lower GP withie th
first 24 h of incubation compared to MS, whereasttho media did not differ for GP at 48 and
72 h of incubation. With respect to MS, the NF noedishowed to reduce fermentation rate at
early phases of incubation, by delaying the tineegiired to produce half of asymptotic GP (T%%)
and to reach the maximum rate of GR,4J, and by decreasing the maximum rate of GR. )R
(P < 0.01 for all parameters). The feeds did notedifor GP within the first 12 h of incubation,
whereas CE showed lower GP from 24 h to the endthaibation with respect to the two
soybeansK < 0.01). However, CE was more rapidly fermentedaaty phases of incubation, as
evidenced by the lower values of T2 anghxnd by greater values of,&compared to SBM
and WSS P < 0.01 for all parameters). In conclusion, theeNel of medium seems to affect
kinetics of GP, but not the total GP provided bghhprotein feeds. Compared to soybeans, CE
showed a greater fermentation rate at early phasescubation, and this pattern could be

attributed to a greater degradability of protesction.
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Keywords:N-rich and N-free mediumn vitro gas production, high-protein feeds

Abbreviations: ADF, acid detergent fibre expressetlsive of residual ash; aNDF, neutral
detergent fibre assayed with a heat stable amylade=xpressed inclusive of residual ash; CP,
crude protein; DM, dry matter; dNDF, digestible aNIEE, ether extract; GP, gas production;
lignineay lignin determined by solubilization of celluloggh sulphuric acid; TDMd, true DM
digestibility.
1. Introduction

In vitro techniques are largely employed to evaluate eneafpie of ruminant feeds, because
of higher labor efficiency and reduced costs comgapin vivo andin situ methods (Lopez,
2005). Most of these techniques entail to analgse samples using incubation media exceeding
in N and lacking in energy, which becomes the limgittactor for microbial growth, in order to
characterize feeds as energy sources (Goering andSdest, 1970; Menke and Steingass, 1988;
Theodorou et al., 1994). However, when feeds aatuated for their N contribution, incubations
should be conducted using media low in N or N-fteemake the dietary N the only N source
available for microbial growth and to limit confaling effects related to the presence of N in
the buffer (Grings et al., 2005). To date, the @Hef N level in the incubation media on rumen
fermentation have been little investigated. Woodle{1998) incubated wheat straw using a N-
low and a N-rich medium and attributed the diffeefin GP to the different availability of N.
Other authors (Grings et al., 2005) measunedtro GP of four silage-based diets using N-low
or N-rich media, but did not observe significanffetences among the two media. Cone et al.
(2005; 2009) evaluated protein fermentation okéft ingredients using a N-free medium where

the dietary N was the only N source for microbiedwgth. To achieve a N-free medium, these
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authors used a N-free buffer and treated rumeid flvith a mixture of simple sugars, so that

rumen microbes consumed all N present in the ruioeh

To date, soybean meal is the most used proteineuept in animal feeding, because of its
balanced amino acid profile and widespread avadifphiGatlin et al., 2007). However, the
increasing market price of soybean seed and meabéan recently forcing farmers to consider
the use of alternative protein sources in rumirdiats. Canola represents the trademark of a
particular rapeseed with low content of erucic geid% by weight, for EU) and glucosinolates
(< 30 mmol/kg DM, for EU). In the last years anrie&sing number of farms has been equipping
with facilities for mechanical extraction of oiloim canola seeds. After the extraction, the oil is
usually converted in biodiesel and utilized as foeltractors, whereas the resulting by-products
(canola press cakes) can be included in ruminats$ dis protein and fat sources. This productive
cycle offers economical and environmental advarsags it contributes to reduce the need for
carburant fossil in agricultural industry and teyee the resulting expellers as animal feeds
(Baqueroet al, 2010; Estebaet al, 2011). However, to date, information about fertagan
characteristics of canola expeller are still lirdite

Aim of the current study was to compare thevitro GP values provided by high-protein
feeds (soybean meal, whole soybean seed and carpédler) using a N-rich and a N-free
medium.

2. Materials and methods
2.1 Feeds

Canola expellers (CE) were obtained from cold-pngssf canola seeds. Canola seeds were
cultivated and harvested at the pilot farm of tlem®o Agricultura association (Caorle, Venezia,

Italy). Canola seeds were single-crushed at moeldmnhperatures (60°C) using two presses
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equipped with a rotating screw shaft within an bontal barrel (Mailca Srl, Modena, Italy).
Whole soybean seed (WSS) and soybean meal (SBMg w@mmercial feeds used at the
experimental farm of the University of Padova (Lagn Padova, Italy). Prior to incubation,
about 1 kg of each feed was ground by a hammer (Rilillerisette 19, Fritsch GmbH,
Laborgeratebau, Germany) with a screen size of 1 finus, 15 samples were randomly
prepared for each feed: 12 were used for the irteubaun and the remaining 3 for chemical

analyses.

2.2 Incubation procedures

A single incubation run was carried out with 3 saftd2 bottles. A first set of 12 bottles (3
feeds x 4 replications) was filled with 0.550 +@L0 g of feed sample, 25 ml of rumen fluid and
50 ml of the Goering and Van Soest (1970) mediwetiqrl:2 v/v) and incubated for 48 h to
determine aNDF (aNDFd) and true DM (TDMd) degratighiOther 24 bottles (3 feeds x 4
replications x 2 buffers) were incubated for 72o0hassess GP kinetics: 12 bottles were filled
with 0.550 + 0.0010 g of feed sample, 25 ml of rarflaid and 50 ml of the MS medium (ratio
1:2 vlv; Menke and Steingass, 1988), whereas timaireng 12 bottles were filled with 0.550 +
0.0010 g of feed sample, 5 ml of rumen fluid andn®5of the NF medium (ratio 1:19 v/v) as
described by Cone et al. (2009). For each medionn, hottles were included as blanks (bottles
with only buffer and rumen fluid, without feed sade)p The resulting experimental design was:

3 buffers 3 feeds 4 replications, plus 12 blan@saftotal of 48 bottles incubated.

The NF medium was prepared according to Menke amiddgass (1988), except for the buffer
mineral solution that was N-free, as it containaty ¢he sodium bicarbonate (39.25 g/l solution)

and not the ammonium bicarbonate. Then, the NF unedas mixed with rumen fluid in a ratio
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of 19:1, to limit the N contribution of rumen flu{€one et al., 2009). After that, according to the
procedure of Cone et al. (2009), the buffered rufhed was incubated at 39 £ 0.5°C with 10 g/
of simple sugars (glucose, 3.33 g/l; xylose, 3.833agd soluble starch (Merck 1252, Merck,
Darmstadt, Germany), 3.33 g/l) to consume all Npsiad by rumen fluid. In this way, during
the incubation rumen microorganisms used only therdVided by feed for their growth (Cone
et al., 2005, 2009). Over the entire pre-incubat®® was monitored, and fermentations were
stopped when GP ceased definitively (about afte). At the beginning of incubation pH of MS
and NF media were 6.85 and 6.80, respectively. Ruftoed was collected 3 h after morning
feeding from 3 dry Holstein-Friesian cows housethatExperimental Farm of the University of
Padova, and fed haad libitumand 2 kg/d of concentrate (50% of corn meal, 25%aoley
meal, and 25% of soybean meal). The collection peatormed by a suction technique, using a
vacuum pump made up of a glass container conndoted semi-flexible oro-ruminal probe
equipped with a steel strainer on the top (Taghtpiet al., 2012). The pH of the rumen fluid
was measured immediately after collection and dnigs with pH lower than 6.8 were used for
in vitro tests. Rumen fluid was stored into two thermaskia preheated to 39 + 0.5°C and
transferred to the laboratory. At the laboratonymen fluid was filtered through 3 layers of
cheesecloth to eliminate feed particles and mix&th the media. All these operations were
performed under anaerobic conditions by flushingtiomously with CQ. Afterwards, all bottles
were placed into a ventilated incubator (39.0 £0)5During the incubation the bottles were not
stirred. At the end of incubation pH values of M8daNF media were 6.80 and 7.00,

respectively.

2.3 Gas Production
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A fully automated GP technique (Ank8MmGas Production System, Ankom Technof8gy
NY, USA) made up of 48 glass bottles (310 ml) egegb with pressure detectors (pressure
range:—69, +3447 kPa; resolution: 0.27 kPa; accuracy: +0.1% of measured value) and wireless
connected to a computer was used. During the inimrbthe pressure changes in the headspace
of bottles, measured as difference with respecattoospheric pressure at the beginning of
incubation (Po), were transmitted via a radio feagry at a fixed interval time (1 min) and
recorded in a database. Gas accumulated in thespaeel of bottles was automatically released
by an open-closed valve when a pressure variatior3a! kPa was reached. This threshold
pressure, previously used by Tagliapietra et ab1Q?, is similar to that used with other
automated systems (+4.5 kPa; Calabro et al., 2008ssure values of gas were cumulated and

converted in terms of volume (GP, ml/g DM) usirte tdeal gas law:
GP = (AP/Po) x Vo 1)

where: AP is the cumulative pressure change (kPa) in thiebd0 is the headspace volume

(ml) of bottle and Po is atmospheric pressure (kRegsured at the beginning of the incubation.

Curves of GP were fitted using model of Groot e{H96):

GP, = A/[1 + (T%/tf] )
Tmax = T¥2X ((c - 1)/(c + 1)¥° (3)
max — (CX Tmaxc_l)/ (Tl/Zc + Tmaxc) (4)

In the equations (2), (3), and (4), A is the asytiptGP (ml/g DM), T is the time (h) at which

half of A is produced; t is the observation timg; (his a constant representing the sharpness of
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curve profile; Thaxis the time (h) at which the maximum gas produrctate is obtained; Rx is

the maximum gas production rate (ml/h).

2.4. Chemical Analyses

Chemical analyses were carried out in the samedédry by the same technician. At the end
of incubation (48 h with GV buffer, and 72 h withSvand NF buffer), all fermentation fluids
were analysed for pH. All feeds were analysed iplitate for dry matter (DM; # 934.01,;
AOAC, 2003), crude protein (CP; # 976.05; AOAC, 2Q)Cether extract (EE; # 920.29; AOAC,
2003), ash (# 942.05; AOAC, 2003), starch (# 948/ RAC, 2003), and neutral detergent fibre

(aNDF) (Mertens, 2002). The aNDF fraction, inclesof residual ash, was determined with

amylase and sodium sulphite using the AnKOnFibre Analyzer (Ankom Technolofy
Macedon, NY, USA). The contents of acid detergémef(ADF), expressed as inclusive of ash,
and sulphuric acid lignin (lignjgy) were determined sequentially after aNDF detertrona
(Robertson and Van Soest, 1981). At the end ofbiattan all residuals fermentation fluids were
transferred into crucibles (30 ml por. 2, Robu @Giltes-Gerate GMBH, Hattert, Germany) and
treated as indicated for aNDF analysis (Merten€)2p0vith a Fibertech Analyzer (VELP

Scientifica, Milano, Italy). The proximate compaait of feeds is reported in Table 1.
2.6. Computation of TDMd

The digestible aNDF (dNDF, g/kg NDF) and the trud Bigestibility (TDMd, g/kg DM)

were computed according to Goering and Van So&3t0(1

dNDFd = [(aNDFeeq— aNDFeJ / aNDFeed (5)
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TDMd = 1000% [(DMeed— @NDFed / DMreed (6)

where aNDFkeqis the aNDF content of the feed, aNRFs the residual aNDF measured at 48 h
of fermentation, DNlegis the amount of DM incubated; all these amourdgsevexpressed in

grams of DM.

2.5. Statistical analysis

Experimental data were subjected to analysis oémae using the general linear model
procedure (PROC GLM) of SAS (2005). The model adersd the effect of medium, feed, and
their interaction as sources of variation: As tfieat due to the interaction medium x feed was

never significant, this source of variation wasleaed from the model.

3. Results

3.1 Chemical composition of feeds

The chemical composition of feeds is reported ibl&@d. Compared to SBM and WSS, CE
showed lower CP content and greater fibrous fractgfNDF and ADF). The lipid content was
similar among CE and WSS (199 and 202 g EE/kg DMCfié and WSS, respectively), whereas,

as expected, SBM showed the lowest EE content &B/gg DM).

3.2 Degradability values and kinetics of GP

The values of aNDF (dNDF) and true DM digestibil(fyDMd) are reported in Table 2.
Compared to WSS and SBM, CE showed lower valuels 6btINDF and TDMd R < 0.01),
whereas no differences were detected among thaedyloeans. For all feeds the values of dNDF
resulted more variable compared to the correspgndidMd (SEM = 0.95 and 0.01 for dNDF

and TDMd, respectively). Gas production providedtny two buffers and by the three feeds at
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various times of incubation and kinetic parametdr&P are highlighted in Table 2. Compared
to MS, the NF buffer provided lower GP within thesf 24 h of incubationR < 0.01), whereas
the two media did not differ for GP measured ata#8 72 h of incubation. Further, the NF
medium showed to slow down fermentation processpeved to MS, as evidenced by greater
values of T% and [axand lower values of Rx(P < 0.01 for all parameters). This pattern is also
clearly evidenced by Figure 1, that shows the erturves of GP provided by the two media.
With both the media, the three feeds showed sir@Rrat 6 and 12 h of incubation, whereas CE
provided lower values of GP compared to the twdsayns at 24 h until the end of incubatién (
< 0.01). The GP kinetics provided by the three $eetien incubated with the MS and the NF
medium are graphically reported in Figure 2a andr8apectively. However, CE was more
rapidly fermented during the first phases of indidra as clearly evidenced by the lower values
of T% and Thax and by greater values of,k with respect to the two soybears< 0.01 for all
parameters). The kinetics of GP, expressed as sty daP, provided by the three feeds when

incubated with the MS (Figure 2b) and the NF med{&igure 3b) are reported. compared t

4. Discussion

4.1 Comparison among buffers

In the current experiment two different buffers evégsted: one N-rich (MS) and the other one
N-free (NF). Compared to MS, the NF medium shoveesléw down fermentation process at the
beginning of incubation, delaying for all feeds tivme at which half of asymptotic GP was
obtained (T%2) and the time at which the maximum r&t@ was reached (I). This pattern
could be due to a range of different factors. Tinst ffactor could be related to the lower
proportion of rumen fluid in the NF medium compatedMS (1:19 and 1:2 of ratio between

rumen fluid and buffer for NF and MS, respectiveliRymer et al. (1999) examined three
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different proportions between rumen fluid and buffe0, 150 and 300 ml of rumen fluid/l of
total fermentation fluid) and observed that thdiahiGP rate increased at increasing ratios,
although all differences disappeared at T% apgd TSimilarly, Pell and Schofield (1993)
observed that, when the proportion of rumen flumsvincreased to a level of 2.0 ml/10 ml of
fermentation fluid, the GP rate increased and #getime was reduced. On this basis, the same
authors recommended a minimum concentration of R6fmumen fluid/100 ml of fermentation
fluid, to reduce the risk of limiting GP. The seddiactor could be that the NF medium provided
only energy as support of microbial growth. Itésagnized that microbial growth in the rumen
is optimized by a balanced and simultaneous avlilabf energy and N sources, and that an
imbalance between these two sources causes a éffigency of rumen fermentation (Sinclair
et al.,, 1993). However, Russell and Strobel (1989@)ued that an excess of energy is more
deleterious for microbes compared to an excess asNhe excess of ATP deriving from excess
of energy is toxic for rumen microorganisms. Thugan be hypothesized that rumen microbes
were more damaged by the lack of N in the NF mediuam by the lack of energy in the MS
medium. The third factor could be that the NF mediprior to be incubated, was treated with a
mixture of simple sugars, to consume all N preserihe rumen fluid. It is largely recognized
that composition of rumen fluid, expressed as land number of microorganisms, is primarily
influenced by composition of diet fed to animalsoNt et al., 2005), and this pattern is more
evident for high-concentrate diets (Bryant and Byrk1953; Maki and Foster, 1957). On this
basis, it could be hypothesized that the pre-intabavith simple sugars may have altered the
composition of rumen population, thus the resultmgrobial pattern at the beginning of
incubation could have not been optimal for fermgataof high-protein feeds as those analysed

in the current work.
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However, differences in GP among the two mediapisared at 48 and 72 h of incubation.
The similar GP values at latter phases of incubatiould be attributed to the comparable
content of bicarbonate in the two media. Bicarbensicommonly included in all media, in order
to better simulate saliva production and rumen g (Rymer et al., 2005). However, the
bicarbonate content of the medium may influence &Pbicarbonate ions react with volatile
fatty acids and generate gas (.Ohis proportion of gas is defined as “indireesy since it is
released by the medium and not from feed fermemtatkymer et al. (1998) observed that the
media of Goering and Van Soest (1970), Steinga883)1 Theodorou (1993), and Huntington et
al. (1998) differed for total GP and attributedsthesult to the different amount of bicarbonate in
the four buffers. However, Omed et al. (1998) adgtieat bicarbonate could be completely
replaced by phosphate in the buffer solution, efeénmen microbes require both bicarbonate
and phosphate to grow (Williams, 1998). This rephaent could permit to limit shortcomings
related with the production of “indirect gas”, senihe phosphate does not release (Bimmel
et al., 1999). However, Kennedy et al. (2000) adginat also phosphate components could alter

GP kinetics, through a slight increment of fibegielability.

4.2 Comparison between feeds

In the current experiment the proximate compositbrthe two soybeans (SBM and WSS)
resulted close to tabled data (INRA, 1988; NRC,120Canola expellers showed an EE content
in line with findings of Leming and Lember (2008jd intermediate between 13% DM reported
by Spragg and Mailer (2007) and 27% DM observedwcker and Petri (2009). To this regard,
several authors indicated that the EE content pékars is mostly influenced by the number of
pressings (Weigal, 1991; Glencross et 2004). When the oil is mechanically extractesdse

are usually subjected to single or double-presdiwogiever, the double-pressing is preferable as
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it ensures a higher efficiency of oil recover (Mitts, 2012). In the present experiment, canola
seeds were pressed only once, and this could exhlaigreat oil content of expellers. Further,
canola seeds were processed at moderate temperaiitineut the application of external heat
(“cold-pressing” at 60°C), but the only heat waattproduced by crushing of seeds. Differently,
both soybeans were subjected to toasting at 100fG3® min, to deactivate anti-nutritional
factors present in the seeds (i.e. trypsin inhib)tdHeat-treatment (at temperatures00°C) was
found to reduce the rumen degradability of fiboreckvhnon and Walker, 2009) and protein
(Mustafa et al., 1999; Kass et al., 2006). The ceduldNDF was attributed to a possible binding
effect exerted by heat on structural carbohydrékésKinnon and Walker, 2009). However,
since canola seeds were pressed at moderate teompsran our case lower values of dNDF
obtained for CE compared to the two soybeans wergumably related to great ADL content of
CE. With regard to the protein fraction, heat tneatt (i.e. toasting) is purposely adopted to
reduce protein degradability in the rumen, incneggthe proportion of bypass protein and the
intestinal availability of essential AAs as lysiaad methionine. As mentioned above, both the
soybeans were toasted, and this could explainoterldegradability showed by these two feeds
compared to CE, especially at first phases of iatinh. Therefore, values and kinetics of GP
evidenced by the three feeds were not only reladeitheir proximate composition, but also to
processing conditions, that modified chemical ahgspal properties of the three substrates.
However, values of GP reported in this study shdddonsidered in relative terms, as possible
underestimations cannot be excluded. Indeed, stédefeeds were characterized by a notable
protein content. To this regard, Cone and Van G€i@99) observed that each point percentage
of protein caused a reduction in GP of 2.48 ml, atidbuted these results to the fact that protein

fermentation leads to the formation of ammonia thhibits the release of G@“indirect gas”)



56

from the fermentation fluid. Recently these findingere supported by Tagliapietra et al. (2011),
which noted that high-protein feeds (> 16% CP) poadl smaller amounts of gas compared to

other categories of feeds.

5. Conclusions

The level of N in the medium strongly influenced &Retics at early phases of incubation,
without any effect on total GP provided by the ghseibstrates. In particular, the absence of N in
the medium seems to impair microbial activity amdvgh during the first 24 h of incubation.
Compared to the two soybeans, CE showed a loweitro degradability and GP but a greater
fermentation rate at early phases of incubatiod, this pattern could be attributed to a higher

degradability of protein fraction.
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Table 1. Dry matter (DM, g/kg) and chemical composi(g/kg DM) of feeds (n = 3)
Feed Soybean meal  Whole soybean seed Canoldeexpel
DM 874 888 895
aNDF 153 135 201
ADF 74 62 202
Ligningsa) 4 12 75
CP 483 385 287
EE 20 202 199
Ash 63 52 66
NSC 281 226 157
Starch 38 42 129

%Calculated as NSC = 100 — (CP — Ash — EE — aNDF)

Table 2.In vitro NDF (NFDd) and true dry matter (TDMd) degradabibf feeds (n = 3) measured

at 48 h of incubation.

Feed
Soybean meal Whole soybean Canola SEM
seed expeller
NDFd (g/kg aNDF) 910 916" 681 0.95
TDMd® (g/kg DM) 981 o981 82¢d 0.01

®NDF degradability at 48h of incubation.

True dry matter digestibility at 48 h of incubation



Table 3. Effect of medium and feed on gas produadiiol/g DM) and kinetic parameters of gas productio
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Mediunf Feed P value

N-rich (MS)  N-free (NF) S?g’gsla” so;yt;/:grlmesee . g(?)g?l'; Medium  Feed SEM
Gas production, ml/g DM
6h 69+8.8 35+4.1 51+18.0 49+14.9 56+22.2 <0.01 10.1 4.2
12 h 111+7.9 80+8.9 99+18.7 94+15.6 92+18.0 <0.01 .350 3.8
24 h 148+15.1 131+16.8 155+12.1 139+12.6 124+11.8 0.0k <0.01 3.8
48 h 171+21.8 162+25.5 195+8.3 165+11.7 142+10.4 0.06 <0.01 5.2
72 h 180+24.2 171+28.8 207+7.8 172+11.7 147+10.9 090. <0.01 5.8
Kinetic parameters of gas production
A®, ml/g DM 192+28.0 181+32.9 224+7.6 182+12.6 154+14.2 <0.05 0.0x 6.7
Rmax, mi/h 12.8+2.87 6.8+0.74 9.5+2.50 8.7+2.02 11.8485. <0.01 <0.05 0.84
TV h 9.3+2.24 13.6£2.29  13.8+2.55 11.5+1.98 9.1+2.68 <0.01 <0.01 0.76
Tma, h 4.1+2.18 11.5+1.57 9.2+4.47 8.6+3.32 5.6+4.39 0.0% <0.01 1.00
d 1.32+0.162 1.75+0.073 1.51+0.2101.62+0.202 1.48+0.332 <0.01 0.09 0.056

&MS = N-rich medium (Menke and Steingass, 1988)=N\rfree medium
P A = asymptotic gas production.

°Rmax=maximum rate of gas production (ml gas/h).

4T15 = time at which half of asymptotic gas productis reached (h).
®Tmax =time at which the maximum rate of gas productionkiserved (h).

"¢ = constant representing the sharpness of thecurv
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Figure 3. Kinetics of gas production of N-rich (Menand Steingass, 1988; dotted line) and N-free

medium (solid line).

200 +

150 +

100 +

50 1

Gas production (ml/g DM)

60 72

Figure 4 . Kinetics (ml/g DM) and variation (ml/gPE of gas production of soybean meal (SBM,;
dotted line), whole soybean seed (WSS; dash dditted and canola expeller (CE; solid line)
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Figure 5. Kinetics (ml/g DM) and variation ml/g CB) gas production of soybean meal (SBM,;
dotted line), whole soybean seed (WSS; dash ddittegi and canola expeller (CE; solid line),
incubated with the N-free medium.
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ABSTRACT

Aim of the current experiment was to compareitro four diets for beef cattle that combined two
different protein sources; toasted whole soybead $4/SS) and cold-pressed canola expeller (CE)
(38.5vs.28.7 % CP and 203s.19.9 % EE on DM basis, for WSS and CE, respedctjvat high
(14% on DM basis) and low inclusion level (7% on Desis). All diets (20 £ 0.5 g; ground at 1
mm) were incubated at 39°C in 4 replicates intaassied nylon bags (110x60 mm, pore size 100
pm) using Rusitec fermenters (16 fermentation usssdotal). Firstly, diets were incubated for 10
d to stabilize microbial population in the RUSITE&laptation period). Then, diets were incubated
for 7 d (experimental period) to evaluate degrddgbigas (GP), volatile fatty acids (VFA) and
ammonia production, and N balance. Moreover, miato outflow was estimated usingN as
microbial marker. ANOVA was performed to evaluadte teffects of supplement, inclusion level
and their interaction. Compared to WSS, CE providedater values of aNDF degradability
(P<0.01), produced less acetate and propionat®.001) but more butyrate and branched-chain
VFA, thus the resulting total VFA production wamgar for the two supplements. With regard to
nitrogen balance, CE showed greald8N enrichment in the non-ammonia NP<0.01) and
nominally lower values of microbial N derived froammonia compared to WS$=0.057).
Degradability, GP, acetate and total VFA productisere comparable for the two inclusion levels.
At low inclusion level the propionate production svgreater, the (acetate + butyrate)/propionate
ratio and branched-chain VFA were low&<(0.001). At low inclusion level, th€N enrichments
for ammonia N, non-ammonia N and total bacteriaéfenalso greater than those observed at high
inclusion level P<0.001). Conversely, no differences were foundnficcrobial N and efficiency of
microbial N production among the two inclusion lisvén conclusion, the two supplements showed
different fermentation properties likely due to feiences in their chemical composition and
processing method. To this end, the manipulatiodietfary protein level seemed to lead primarily

to a variation of bypass protein, without effeatstiee synthesis of microbial N.
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Abbreviations: ADF, acid detergent fibre expressed inclusive dfideal ash; aNDF, neutral
detergent fibre assayed with a heat stable amydasgeexpressed inclusive of residual ash; CP,
crude protein; DM, dry matter; DMD, DM digestibylitdNDF, digestible aNDF; E-NAN, non
ammonia nitrogen of total digestaN enrichment; E-TB, total bacterfd N enrichment; E-NH|
ammonia nitrogef®N enrichment; EE, ether extract; EMS, efficiencyritrobial synthesis; ENU,
efficiency of nitrogen utilization; GP, gas prodoct, lignin(sy, lignin determined by solubilization
of cellulose with sulphuric acid; MN, microbial rogen; NADR, nitrogen apparent digestibility in
the rumen; NAN, non-ammonia nitrogen; N-jlkimmonia N; OM, organic matter; OMAD, OM

apparent digestibility; TOMd, true OM digestibilityFA, volatile fatty acids.

Key words: Canola expeller, Rusitec, Microbial growth, Rumegcdability.
1. Introduction

In the last years constraints introduced by Nitbeective (European Commission, 1991) and
increasing market price of soybean are forcing &aso consider the use of low protein diets and
alternative protein sources. Currently, rapes@rdgsica Napusis largely used in animal feeding
and represents the second most widely traded prstgiplement after soybean se€dly€ine max
Canola meal, that is derived by the solvent-eximacof oil from a Canadian variety of rapeseed,
has been favorably used as alternative to soybeheef cattle (Petit and Veira, 1994; Koenig and
Beauchemin, 2005), pig (Seneviratne et al., 2000,13,b; Woyengo et al., 2010) and fish diets
(Mazurkiewicz et al., 2011). On the opposite, thare limited information about canola expeller,
the by-product obtained from the mechanical exiwaadf oil (Thacker and Petri, 2009; Kaldméae et
al., 2010). In the last years an increasing nurob&rms is equipping with small-scale facilities f
mechanical extraction of oil from oleaginous seédter the extraction, the oil is usually utilized
fuel, whereas residual expellers are fed to aniraalprotein and fat sources. This productive cycle
provides both economical and environmental advastags it contributes to reduce the need for

carburant fossil in agricultural industry and tacyee the resulting expellers as animal feeds
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(Baquero et al., 2010; Esteban et al., 2011). Tleehanical extraction of oil is less efficient
compared to the solvent-extraction, thus canoleekeqs contain a higher fat percentage (8-20%
DM) than the corresponding meals (<5% DM). Highdatcentage of canola expellers could inhibit
fibre digestibility in ruminants and, further, makeese products more prone to oxidation and less
storable at farm level. To date, the nutritionadl @mergy value of canola expellers are still poorly
characterized, as well as their effects on rumemdatation (Kaldmae et al., 2010). Therefore, the
aim of the current experiment was to compareitro four diets for beef cattle containing whole
soybean seed or canola expeller dosed at two indugvels, in terms of digestibility, gas
production, end-products of fermentation, and g#robalance.
2. Material and methods
2.1 Equipment

All procedures were carried out in accordance vpitbtocols approved by the Aberystwyth
University Local Ethical Review Committee. The stwdas conducted using two rumen simulation
techniques (RUSITEC) made up of 8 fermentation elessach (Czerkawski & Breckenridge,
1977). Each fermentation vessel had a nominal velwh 700 ml. Rumen solid contents for
incubation were collected before morning feediraypfrd dry ruminally-fistulated Holstein-Friesian
cows fed a mixed diet (70% roughages and 30% cdrates) at maintenance level. After the
collection, rumen fluid was transferred to the latory within 30 min. An artificial saliva
(McDougall, 1948) was continuously infused by amoawatic pump (205U, Watson-Marlow Ltd.,
Falmouth, Cornwall, UK) in the system (dilutionea®7.5 ml/h) and was replaced daily to avoid
microbial contamination.
2.2 Diets

Four iso-lipid and isonitrogenous diets, composgdded ingredients commonly included in
diets for beef cattle in farms of Northern Italyene incubated (Table 1). Diets were supplemented
with whole soybean seeds (WSS) or canola expdll&) @t a high (14.0 % DM) or low (7.0 %

DM) inclusion level. Different amounts of soybeaeahwere also included to achieve two dietary
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protein levels: low (10.9% CP) and high (14.7% G/Rhole soybean seeds were collected from the
experimental farm of the University of Padova (Lagm Padova, Italy). Canola expeller was
derived by a canola variety (Excalibur; Dekalb, Manto Agricoltura Spa, Lodi, Italy) that was
grown and harvested in a pilot farm located in ¥alecchia (Caorle, Venezia, Italy). Canola seeds
were crushed at moderate temperatures (60°C) usiagsingle-screw presses equipped with a
rotating screw shaft within an horizontal barrelajMa Srl, Modena, Italy). The two presses had an
input flow rate of 120 kg/h of seeds, with a pratuc of 40 kg/h of oil and 80 kg/h of expellers.
Prior to incubation, all diets were ground by a han mill (Pullerisette 19, Fritsch GmbH,
Laborgeratebau, Germany) with a screen size of 1. mm
2.3 Incubation procedures

The whole incubation lasted 17 d (10 d for adaptatand 7 d for sample collection). The
adaptation period was used to check the correckingrof the system and to stabilize microbial
population. On day 1, each fermentation vessel fillad with 300 ml of rumen fluid, 300 ml of
artificial saliva, and two nylon bags (110x60 mmoyg size 100 um), one containing rumen solid
contents (60 £ 0.5 g) as starter for fermentatictivly, and the other one containing the diet £0
0.5 g DM). The diets were randomly assigned to eacimentation vessel and incubated in 4
replicates at 39 £ 0.5°C. On day 2, nylon bag dairtg rumen solid contents was removed and
replaced with a nylon bag containing the diet. Faag 3 to the end of experiment (day 17), one of
the two nylon bags present in the same vessel liasatively replaced, to give a 48-h incubation
time to each nylon bag. During the bag replacememtess, fermenters were continuously flushed
with CO, to maintain anaerobic conditions. During the imatidmn, nylon bags were gently agitated
to simulate the rumen movement. On day 11, a db8el6 mg of N° (95% enriched ®NH.),SQ)
was added into each fermentation vessel to lalsthmtaneously the NN pool. Then a solution
of (**NH,4),S0O, was added to the artificial saliva at a rate 8003mg/l, to label microbial protein
with N, and to estimate microbial synthesis. During dblys12 and 13, nylon bags were collected

after 48 h of incubation, washed twice with artdicsaliva and then washed in the cold rinse cycle
73



74

(20 min) of a washing machine to remove the attddiecteria. Residuals were analyzed for DM,
N, and residual aNDF to evaluate the correspondigestibility. The same days, vessel fluids were
analysed for pH. Moreover, an aliquot (4 ml) of se&sfluid was collected from each fermentation
vessel and diluted with 1 ml deproteinizing solat{@0% metaphosphoric acid and 0.06% crotonic
acid, w/v) to determine VFA profile. Another aligud@ ml) of rumen fluid was collected from each
vessel and diluted with 0.6 ml of 25% trichloroaceicid to determine Nficoncentration. On days
14, 15 and 16, vessel outflows were collected aatdirated with 10 ml/d of Hgglto stop
fermentation process. Residuals into nylon bader @B h of incubation, were collected for 3 days
from each vessel and mixed with 250 ml of their respondent fermentation fluids and
homogenized using a Stomacher (260 rpm; 2 minyrder to reconstitute the total digesta (TD).
An aliquot of TD (about 500 g) was wetted and amjdsvith 1M-NaOH to pH 10, and dried at
90°C for 16 h to remove Ng-N (Firkins et al., 1992), lyophilized, and storatl-20°C until the
determination of non ammonia nitrogen (NAN) dfild enrichment (E-NAMp). A second aliquot
of TD (about 500 g) was used to isolate total béxi{@ B), following the procedure of Hristov et al.
(2001). Briefly, the aliquot of TD was centrifugatd500g (5 min; 4°C) to separate undigested feed
particles and attached bacteria or protozoa. Aftat, the supernatant was centrifuged at 30¢)00
thus the pellet and the supernatant were separdieel. pellet was analysed for N artN
enrichment (E-Ng). An aliquot of supernatant (about 200 g) was ified with 3 ml SO, and
stored at -20°C until determination of BN and®N enrichment (E-Nk). For the determination of
NHs-N pool, an aliquot (12 ml) of supernatant was t@tbwith 8 ml of NaOH (10M) and Ng-N
was evaporated over 7 d at room temperature andrlsss onto 5 mm glass filter disks
impregnated with 15 pl of 2.5M KHS(OBrooks et al., 1989). Disks were dried for 24nhai
desiccators using 430, and were analysed foPN. During the whole experimental period,
fermentation gases were measured.

2.4 Analytical procedures
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All analytical procedures were carried out in tleens laboratory by the same technician. All
feeds were analysed in triplicate for dry matteM({B¢ 934.01; AOAC, 2003), crude protein (CP; #
976.05; AOAC, 2003), ether extract (EE; # 920.2@AC, 2003), ash (# 942.05; AOAC, 2003),
starch (# 948.02; AOAC, 2003), and neutral deterdiene (aNDF) (Mertens, 2002). The aNDF
fraction, inclusive of residual ash, was determimeth a-amylase and sodium sulphite using the
Ankom?® Fibre Analyzer (Ankom TechnololyMacedon, NY, USA). Acid detergent fibre (ADF),
expressed as inclusive of residual ash, and sutphaid lignin (ligninsa) contents were determined
sequentially after aNDF determination (Van Soestlgt1991). The VFA profile of fermentation
fluids was determined using the Varian CP-8400 As#tmpler gas-chromatograph (Agilent
Technologies Inc., Palo Alto, USA) equipped withlR-FFAP column (Agilent Technologies Inc.,
Palo Alto, USA). Ammonia content was determinedalolorimetric method (Weatherburn, 1967).
Total N and*N enrichment of NANp (E-NANp) of TB (E-TB) and of N-NH (E-NHs) were
established using a N analyzer connected to a 20v@€s spectrophotometer (ANCA/SL, PDZ
Europe Ltd., Crewe, Cheshire, UK). Total gas préidac(GP) was measured using a drum-type
gas meter (Series TG1, Ritter Apparatebau GmbHhBwo¢ Germany), and was expressed at
normal atmospheric conditions (1 atm, 20°C).

2.5 Computations

The DM digestibility (DMD), the OM apparent digdstity (OMAD) in the rumen, the nitrogen
apparent digestibility in the rumen (NADR), the @r®@M digestibility (TOMd) and aNDF
digestibility (ANDF) measured at 48 h of incubatware computed as follows (Goering and Van
Soest, 1970):

DMD = (DMseeq— DMred / DMieed
OMAD = (OMseeq— OM (¢9/OMgeeqd
NADR = (Nreed— Nreg/N feed

TOMd = (OMeed— aNDFReg / OMreed

dNDF = (aNDFeed— aNDFed / aNDFeed
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where: DMeeq OMrees Nreed aNd aNDFReg , are the amounts of DM, OM, N and aNDF incubated
respectively; DMis OMes Nres @and aNDFRs are the amounts of DM, OM, N and aNDF measured
on the residuals after 48h of incubation.
The proportion of NANp of microbial origin (MN%) was estimated by dividithe®N enrichment
(atom % excess) from the proportion of NAN of digeBom each vessel by the enrichment of TB
pellets (MN% = E-NANp/E-Ntg) (Carro and Miller, 1999). Daily MN flow was estated from
total NAN multiplied for the proportion attributed the microbes (MN flow = NAN/MN%, mg/d).
The proportion of microbial N derived from NH{ was estimated dividing’N enrichment of TB
by the enrichment of NHN (E-Nys/E-NHz, %). The efficiency of microbial synthesis (EMSasv
estimated as the ratio of daily amount of MN flomdaOM apparently digested in the rumen (g
MN/kg OMAD). The daily efficiency of microbial nibgen utilization (ENU) computed as gram of
microbial N/available N x100; in RUSITEC, availatNewas computed as dietary N — undegraded
N (MN/[N intake — NAN+MN) as described by Bach &t(@005).
2.6 Statistical Analysis

All data were analyzed by PROC MIXED for repeatedasures of SAS (2005). The model
accounted for the diet [4 levels, for each comlximabf supplement (CE or WSS) and inclusion
level (low or high)], the inclusion level and thanteraction as fixed effects, and the vessel weste
within the diet as random effect. Contrasts wenei@a out between: i) the two inclusion levels
(low and high); ii) the two supplements (CE and W.SH&eatment effects were accepted as
significant with aP value of 0.05 or less.
3. Results
3.1 Chemical composition of supplements

Compared to WSS, CE showed lower CP (287 and 3&pM, for CE and WSS, respectively)
a similar EE content (199 and 202 g/kg DM, in thene order) and a greater fibrous fraction (291

and 135 g aNDF/kg DM, in the same order), with @aggr proportion of lignigy (75 and 12 g/kg
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DM, in the same order). Metabolizable energy of €fimated according to NRC (1996) resulted
lower than that of WSS (3.30 and 3.40 Mcal/kg Dbt,CE and WSS, respectively).
3.2 VFA profile

The VFA proportions in fermentation fluids are repd in Table 3. The inclusion level did not
change acetate and total VFA production. At higtlusion level, propionate was lower, whereas
both butyrate and (acetate + butyrate)/propioratie were higher, as well as branched-chain VFA
(P<0.001 for all variables).

With respect to WSS, CE produced less acetate esplgmate P<0.001 for both), but more
butyrate and branched-chain VFR<0.001 for both), thus total VFA production did rditfer
among the diets with different supplement feed. garad to WSS, CE showed a higher (acetate +
butyrate)/propionate ratid€0.001).

3.3 Digestibility and gas production values

The digestibility and GP values are reported inl&ab The inclusion level did not affect any
parameter, with the exception of NADR, that resullegher P<0.01) at low inclusion level. A
nominally lower GP was observed for the two dietkigh inclusion levelP=0.069). Compared to
WSS, CE provided a higher NADR and dNDP<Q.01) and nominally higher values of TOMd
(P=0.055). No differences were detected for otherabdes among the two supplements. Similarly,
no significant differences were observed for intéoa between supplement and inclusion level.
3.4 Nitrogen balance

The data of N balance are reported in Table 5.igth inclusion level, the values of E-NAN, E-
TB, and E-NH resulted greaterP<0.001) than those observed at low inclusion leVéke daily
flow of non ammonia nitrogen (NAN) was highd?=0.005) in diets at high inclusion level and
only nominally higher P=0.086) in WSS. Conversely, the values of MN flomde&EMS did not
differ in the two inclusion levels. The MN/NAN ratwas higher in CE compared to WSS, whereas
no differences were observed among the two inalulgeels. The efficiency of nitrogen utilization

(ENU) was different=0.001) only among inclusion levels, with the loweafues obtained for the
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high level (on average 92.9 and 96.2%, for high kmwd inclusion level, respectively). The two
supplements did not differ for any variable, exciptvalues of E-NAN, that resulted greater for
CE compared to WSSP£0.01). Moreover, the proportion of MN producednfrdN-NH; was
nominally (P=0.057) greater for WSS than for CE.
4. Discussion
4.1 Effects of inclusion level

The four diets incubated in this experiment wereadt isoenergetic, but were formulated using
two different levels of CE or WSS. Therefore, tlomtent of some nutrients (in particular CP and
EE) was notably different among diets. When CE &5 were included at low level (7.0% DM),
the starch content of corresponding diets was 338#4p the protein content was 10.9% DM, and
the lipid content was 4.6% DM. Conversely, when #mounts of CE and WSS were doubled
(14.0% DM), the dietary starch decreased (32.0% ,Dihereas the protein (14.7% DM) and the
lipid content (5.7% DM) increased. Small differesaeere also present for aNDF content, that was
33.6 and 32.1% DM when CE was added at low and leighl, respectively, and 32.8 and 30.5%
DM when WSS was added at low and high level, respdyg. As expected, the different chemical
composition led to differences for main end-produadtfermentation (gas, VFA, and ammonia). In
diets with low level of supplemented feeds, proptenproduction resulted greater, as result of
higher starch content. Conversely, in diets wigghhHevel of WSS and CE, yield of branched-chain
VFA was greater, as result of higher CP contenin@étie, 1966). High protein content could also
explain the nominally lower GP values observed igh hnclusion level. To this regard, some
authors (Cone and Van Gelder, 1999) found thaticgeeduced only 32% of gas evolved from
fermentation of carbohydrates. More recently, Tametra et al. (2011), from the incubation of 11
different feedsn vitro, noted that feeds with a CP contethi6% DM produced lower amounts of
gas. The same authors also noted that GP valuesdedoby high-protein feeds were poorly

correlated with the corresponding digestibility m@@s. To this regard, Chenost et al. (2001)
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argued that GP measures should be corrected fao@fent of feeds for a direct comparison with
digestibility values.

This experiment was conducted using an artificdiva (McDougall, 1948) that does not supply
N, so that rumen fluid and diets represented thye Mrsources for microorganisms. On this basis, it
can be supposed that the N supplied by the diettlneasnly source available for microbial protein
synthesis. As stated by Cone et al. (2005), theselitons are optimal to evaluate the dietary
contribution in terms of N and to detect differem@mong CP levels, as was the case here. In the
current experiment, the amount of NAN, computedhassum of microbial N and bypass N, was
246 and 168 mg/d for high and low inclusion leve§pectively. This difference is imputable to the
different amount of bypass N, as the amount of olied N resulted comparable at the two
inclusion levels (on average 100 mg/d). Thus, fghiprotein diets, the resulting amount of bypass
N (146 mg/d) corresponded to the gap between thmuatrof protein supplied by the two levels.
From these results, there is evidence that theotiségher protein level led only to an increased
bypass of N, without improving the rumen synthedisnicrobial N. This pattern is supported by
literature, as several studies (Windschitl andr5t&688; Calsamiglia et al., 1995; Cunningham et
al., 1996) observed that the rumen synthesis ofabial N is primarily influenced by protein
degradability, rather than by protein content & thet. Further, Cecava et al. (1990) noted that th
supplementation of low degradable protein led whange of microbial N flow and efficiency of
microbial synthesis, and attributed this resultatdifferent availability of ammonia N, AA, and
peptides. Since the synthesis of microbial N wammarable for the two protein levels, values of
ENU and ratio between MN and NAN resulted highetaw protein diets. Similar results have
been recently reported by Belanche et al. (201@)this regard, Bach et al. (2008) stated that low-
protein diets could have a higher efficiency of mal synthesis compared to high-protein diets
because of a more balanced ratio between energyNarsburces. In particular, it can be
hypothesized that, in low-protein diets, microbésrmeled a greater proportion of CP toward

microbial protein synthesis, reducing the amoueduss source of energyhe lower efficiency of
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microbial synthesis observed for high-protein dieés also confirmed by high level of ammonia in
rumen fluids. Further, as ammonia concentratiorunfen fluid is inversely related to the values of
ENU (Bach et al., 2005), ENU resulted lower in hgotein diets compared to those with low
protein level. However, when microbial N was rederto the amount of OM degraded (OMAD),
no differences were detected among the proteirldeas evidenced by the comparable EMS values
(from 13 to 21 g of microbial N/kg OMAD). These vak appeared in line with other studies
performed with RUSITEC (Lee et al., 2003; Martirgal., 2010).
4.2 Effects of supplements

Canola meal derived from the chemical extractionihfhas been extensively tested as possible
alternative to soybean meal in diets for beef edRletit and Veira, 1994; Koenig and Beauchemin,
2005), pig (Seneviratne et al., 2010, 2011a,b; Wggeet al., 2010) and fish (Mazurkiewicz et al.,
2011). On the opposite, little information is aahile about the validity to canola expeller, the
residual of mechanical extraction of oil from candeeds. The lower employment of canola
expeller in animal nutrition could be due to thetfthat this feed, compared to the corresponding
meal, is plagued by a more variable chemical coitipasand, hence, nutritional value. To this
regard, it has been largely documented that thenda and physical characteristics of canola
expeller are strongly influenced by processing @omts, as the number of pressing and the
temperature at which the oil extraction is perfadni@/eigal, 1991; Glencross et al., 2004a,b). The
lipid content of CE used in the current study wasater compared to others (McKinnon and
Walker, 2009; Seneviratne et al., 2010; Woyengal .et2010; Seneviratne et al., 2011a,b), which
reported a lipid content included between 10.2 H@ % EE on DM basis, and this result could be
attributed to the fact that in this study canoladsewere pressed only once and thus a lower
recovery of oil was achieved. However, a wide raafjdifferent lipid contents (from 10.0 to 19.0
% EE on DM basis) is reported for canola expellemfing and Lember, 2005; Spragg and Mailer,
2007), as result of different processing conditiofs this regard, Kaldmae et al. (2010) found that

the lipid content of cold-pressed CE varied extign(#5.8+4.3 % EE on DM basis). The CE used
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in the current experiment was single-pressed, anekternal heat was applied during oil extraction,
but the only heat was that generated from the angsbf seeds. The choice of cold-pressing was
due to the fact that several studies (Mustafa .etl@B9; Kass et al., 2005; Klein-Hessling, 2007,
Spragg and Mailer, 2007) noted that degradabilitg aigestibility of some AA (i.e. lysine)
decreased after heat treatment (Van Soest, 199Me Suthors (McKinnon and Walker, 2009)
have recently observed that also aNDF degradabaag reduced by heat treatment, probably
because the process caused the binding of sonodustiucarbohydrates.

In the current study, the two supplements enhaacsmmparable microbial protein synthesis, as
clearly shown by MN flow and EMS values. Howevég tifferences obtained for NANP<0.086)
and for microbial N derived from ammoni®<0.057) and the higher N degradability of CE,
suggest that rumen microorganisms used differehdyN supplied by CE and WSS. In particular,
results seem to evidence that, especially in tse ch CE, microbes produced a greater proportion
of microbial N using non ammonia N (i.e. AA and pees) and, to a lesser extent, ammonia N. To
this regard, some authors (Salter et al., 1979jab&l 1997) noted that the proportion of microbial
N derived from ammonia depends on the availahilftil sources. In particular, they estimated that
the minimum contribution to microbial N from ammanivas 26 percent when high amounts of
peptides and AA were available, with a potentiakimaum of 100 percent when ammonia was the
sole N source. According to this, Carro and Mi{@B99) sustained that the most part of rumen
microorganisms uses ammonia N as main N sourgeréein synthesis, but however when sources
of non-ammonia N and energy are not limiting, as Vileely the case here, microbes can increase
the utilization of non-ammonia N and reduce thaubi,

5. Conclusions

Results of the presemh vitro experiment seem to confirm that the manipulatibrdietary

protein level (from 10.9 to 14.7% CP) leads prirtyato an increment of bypass N, without any

improvement in the synthesis of microbial N.
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The two supplements showed different fermentatiapérties, both due to intrinsic (proximate
composition) and extrinsic factors (processing rm@thCompared to whole soybean seed, canola
expellers showed a greater protein degradabilitg, @omoted a comparable microbial N synthesis.
When incubated with canola expeller, microorganisgrghesized a greater proportion of microbial
N from AA and peptides, using to a lesser extentnama N as substrate for protein synthesis. On
this basis, canola expeller derived from cold-pressf seeds could represent a valuable alternative
to whole soybean seed as protein and fat supplementinant diets. However, further research is

needed to confirm this hypothesis.
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Table 1. Chemical composition (g/kg DM), estimated feed Bifeording to NRC (2001; Mcal/kg
DM), aNDF (dNDF; g/kg DM) and true DM digestibilitf DMd; g/kg DM) of whole soybean seed

and canola expeller (n = 3 per feed)

Item Whole soybean seed Canola expeller
DM 888 895
CP 385 287
Starch 42 129
Ether extract 202 199
NDF 135 291
ADF 62 202
Ligningsa) 12 75
Ash 52 66
ME 3.40 3.30
dNDF 916 681
TDMd 981 829
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Table 2. Ingredients (g/kg DM), chemical composition (% omDbasis), and estimated ME
according to NRC (2001; Mcal/kg DM) of the four expental diets.

Inclusion level

High Low
ltem wss CE WSS CE
Ingredient
Corn silage 330 316 376 369
Corn meal 290 278 331 324
Dry sugar beet pulp 105 100 119 117
Wheat bran 24 23 28 27
Wheat straw 40 39 46 45
Vitamin and minerals prenfix 27 26 30 30
Soybean meal 44 78 - 18
Canola expeller - 140 - 70
Whole soybean seed 140 - 70 -
Chemical composition
DM 89.0 88.5 90.4 90.2
CP 14.7 14.7 10.9 10.9
Starch 32.0 32.0 35.8 35.8
Ether extract 5.69 5.71 4.56 4.61
aNDF 30.5 32.1 32.8 33.6
ADF 14.4 15.3 15.2 15.6
Ligninea) 1.60 2.65 1.77 2.21
Ash 5.86 5.32 6.21 5.03
ME 2.57 2.49 2.49 2.47

#whole soybean seed

Pcanola expeller
¢ premix contained per kilogram of diet: calcium carate, grapes hulls, magnesium carbonate,

sodium chloride, urea (4.3%), magnesium oxide, mand di-calcium phosphate, wheat flour,
saccharomyces cerevisiae 160 CFU; supplemented witéimin A 400,000 UI ; vitamin D3 40,000
Ul; vitamin E 1000 mg; vitamin B1 80 mg; vitamin BD.40 mg; vitamin PP 4000 mg; choline
chloride ruminally-protected 2000 mg; Mn 650 mg; TA0 mg; Zn 1500 mg; | 20 mg; Co 12 mg;

Se 3 mg.
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Table 3. Effects of two protein sources [whole soybean g¥¢8S) and canola expeller (CE)] at two inclusiovels in the diet (high = 14% and

low = 7% on DM) and their interaction on rumen fentation pattern measured in the rumen simulagohrtique (RUSITEC) system.

Inclusion level

P-value
High Low SEM  supplement Inclusion Sxf
ltem wsS CE wsS CP S) (1
pH 6.74 6.74 6.76 6.75 0.021 0.849 0.201 0.849
NH3s-N mmol/d 4.21 4.30 2.63 2.77 0.203 0.417 <0.001 0.417
VFA, mmol/d 30.0 27.9 28.8 28.0 1.19 0.102 0.562 100.
Molar proportion, %
Acetate 42.1 40.2 42.4 39.3 0.30 <0.001 0.150 <40.00
Propionate 29.5 26.7 324 32.0 0.34 <0.001 <0.001 0.04
Butyrate 11.0 135 10.4 11.8 0.35 <0.001 <0.001 0GD.
Branched 17.3 19.6 14.9 16.9 0.25 <0.001 <0.001 .0040
Ratio Acetate/propinate 1.43 1.51 1.31 1.23 0.022 70® <0.001 0.706
Ratio (Acetate+butyrate)/propionate 1.81 2.01 1.64 1.60 0.035 <0.001 <0.001 <0.001
#whole soybean seed

bcanola expeller
‘interaction supplement per inclusion level
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Table 4. Effects of two protein sources [whole soybean g¥¢8S) and canola expeller (CE)] at two inclusiovels in the diet (high = 14% and
low = 7% on DM) and their interaction on digesiilyivalues (g/kg DM; measured at 48 h of incubati@md gas production (I/d; measured at 24 h
of incubation) in the rumen simulation techniqu&@TEC) system.

Inclusion level P value
High Low SEM Supplement Inclusion SxfF

ltem WEES CP WSS CP (S) level (1)
DMD¢ 589 590 580 576 1.4 0.882 0.232 0.786
OMAD® 508 510 497 492 1.5 0.903 0.228 0.764
TOMd' 799 812 800 807 0.7 0.055 0.535 0.615
dNDF 490 533 509 540 2.1 0.008 0.354 0.643
NADR" 402 466 436 485 1.4 <0.001 <0.001 0.068
GP 1.28 1.33 1.41 1.39 0.072 0.571 0.069 0.714

#whole soybean seed

bcanola expeller

“interaction supplement per inclusion level

9DM degradability at 48 h of incubation

®OM apparent digestibility at 48 h of incubation

"true OM digestibility at 48 h of incubation

9aNDF digestibility at 48 h of incubation

_hnitrogen apparent digestibility in the rumen at@f incubation
'gas production at 24 h of incubation

92



93

Table 5. Effects two protein sources [whole soybean seedS\Bd canola expeller (CE)] at two inclusion leviel the diet (high = 14% and low
= 7% on DM) and their interaction ofN enrichment of different N pools, microbial N floand efficiency of microbial synthesis in the rumen

simulation technique (RUSITEC) system.

Inclusion level P value

item WSS High o= WSS Low ol SEM Supplement Inclusion S X
9E-NAN+p 0.21 0.24 0.10 0.15 0.015 0.005 <0.001 0.520
‘E-TB 0.64 0.52 0.34 0.40 0.061 0.449 <0.001 0.050
'E-NH; 1.80 1.85 1.29 1.50 0.099 0.088 <0.001 0.261
INAN flow, mg/d 270 222 185 151 22.1 0.005 0.086 086.
"MN flow, mg/d 97.5 111.2 98.9 100.8 27.19 0.693 20.8 0.765
'MIN/NAN ratio, % 38.9 46.0 52.6 73.6 0.02 0.146 ®.04 0.450
'ENU, % 91.9 93.9 95.6 96.9 1.34 0.383 0.001 0.579
"MN derived from N-NH, % 33.1 25.4 40.6 31.8 5.51 0.057 0.102 0.881
"EMS, g/kg 15.7 13.5 13.4 13.6 3.80 0.681 0.717 .74

#whole soybean seed

b canola expeller

“interaction

9hon ammonia nitrogen of total dige$® enrichment (atoms % excess)
®total bacterid®N enrichment (atoms % excess)

fammonia nitroge®®N enrichment (atoms % excess)

9 non ammonia N outflow from the vessel

" microbial N outflow from the vessel

' computed as microbial N/non ammonia N

' efficiency of N utilization = g MN/g rumen-availaN x 100

™MN derived from N-NH = proportion of MN synthesized using hEs a source of N (E-TB/ E-NH

"efficiency of microbial synthesis (MN/OMAD)
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Abstract

This experiment aimed to evaluate effects of foetsdcontaining two protein and fat sources
(supplement) (whole soybean seed or canola expeillduded in two levels (high or low) ontro
gas production (GP) and some end-products of fetatien (volatile fatty acids and N-NH3). Diets
were supplemented with whole soybean seeds (WSS$pamula expeller (CE) at two inclusion
levels: high (14.0 % DM) or low (7.0 % DM). Diffeneamounts of soybean meal were also added
to the diets to achieve two increasing protein eotst low (10.9% CP) and high (14.7% CP). A
preliminary incubation (72 h) was performed to deiee t%, the time at which the diets produced

half of asymptotic GP. From this incubation theuesl of t%2 provided by the four diets resulted, on
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average, 16 h. After that, a second incubation seased out, using the same experimental design
described above, and stopped in correspondencg ¢1@ h). Mean value of t¥2 was considered,
instead of single t%2 value provided by each diatmBn fluid was collected using an oral-
esophageal probe from 3 dry Holstein-Friesian coifter filling, all bottles were placed into a
ventilated incubator set at 39.0 + 0.1 °C. The deahtomposition of the two supplements is given
in Table 1. Compared to WSS, CE showed a lower 287 éand 385 g/kg DM, for CE and WSS,
respectively) and a comparable EE content (199282dy/kg DM, in the same order), and a greater
fraction of aNDF (291 and 135 g/kg DM, in the saomder) with a higher degree of lignification
(75 and 12 g ligniga/kg DM, in the same order). The ME estimated adogrdo NRC (1996)
resulted lower for CE compared to WSS (3.30 and) Mkal/kg DM, for CE and WSS,
respectively).

The inclusion level did not show to influence GRuea, except at 24 h of incubatio®<Q.05).
High-inclusion diets provided greater GP rate, esped as hourly GP per gram of DM, within the
first 20 h of incubation; however, after this tirmed until about 40 h of incubation the pattern was
opposite, with low-inclusion diets providing greatéP rate. The supplement affect GP values,
except at 12 h of incubation, where CE providedagme amounts of gas compared to WSS
(P<0.01). Both values of dNDF and TDMd were affedsdinclusion level, supplement and their
interaction. Values of GP measured at t¥2 were midénced by inclusion level, supplement and
their interaction. The two supplement did not d#éf in total gas production but the different gas
production rate suggest that inclusion of CE int deg ruminant can improve N utilization by
rumen bacteria. The high lipid content of canolpedbers could be a limit to its use in diets,

anyway at level used in this experiment did nowsdw detrimental aspect for fermentations.

Abbreviations: ADF, acid detergent fibre expressed inclusive dfideal ash; aNDF, neutral
detergent fibre assayed with a heat stable amgadexpressed inclusive of residual ash; CE, diets

supplemented with canola expellers; CP, crude pro2M, dry matter; dNDF, digestible aNDF;
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N-NH3, ammonia N; TDMd, true DM digestibility%%, time at which half of GP is obtained; VFA,

volatile fatty acids; WSS, diets supplemented witiole soybean seeds;

Key words: Canola expeller, Gas production, Rumen degradgbilit
Introduction

In the last years constraints introduced by Nitbective (European Commission, 1991) and
increasing market price of soybean are forcing &sno consider the use of low protein diets and
alternative protein supplements (Xiccato et al.020Yan et al., 2007). Canola represents the
trademark of a particular variety of rapeseBdhésica Napuscharacterized by a content of erucic
acid and glucosinolates lower than 5% by weight a@dnmol/kg DM, respectively. In the last
years an increasing number of farms has been aqgippth small-sized facilities for mechanical
extraction of oil from canola seeds. After extrantithe oil is converted into biodiesel and uttize
as fuel for tractors, whereas the correspondingrogucts (expellers) are included in ruminant
diets as protein and fat sources. This productixaecoffers both economical and environmental
advantages, at it allows to reduce the need fdyucant fossil in agricultural sector and to recycle
by-products of oil industry as animal feeds (Baquetral., 2010; Esteban et al., 2011). However, to
date, information about the nutritional and energlue of canola expellers are still limited, aslwel
as their possible effect on rumen fermentationerhiiure indicates that oil content of canola
expellers is extremely variable, with a fat peregetranging from 8 to almost 30% DM, as result of
different processing conditions (Leming and Lem€&05; Spragg and Mailer, 2007; Thacker and
Petri, 2009). High fat percentage of expellers domlpair rumen fermentation, by reducing activity
and growth of rumen microorganisms (Jenkins, 1993).

This experiment aimed to evaluate effects of foetsdcontaining two protein and fat sources
(whole soybean seed or canola expeller) supplementevo inclusion levels (high or low) aitro

gas production (GP) and some end-products of faatien (volatile fatty acids and N-NH3)
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measured after 72 h of incubation or at t¥, th#testime at which microbial activity is supposed t
be maximal.
Material and methods
2.1 Diets

Four iso-lipid and isonitrogenous diets, composgdded ingredients commonly included in
diets for beef cattle in farms of Northern Italyene incubated (Table 1). Diets were supplemented
with whole soybean seeds (WSS) or canola expd€llE) at two inclusion levels: high (14.0 % DM)
or low (7.0 % DM). Different amounts of soybean ineare also added to the diets to achieve two
increasing protein contents: low (10.9% CP) anchh(ig4.7% CP). Whole soybean seeds were
collected from the experimental farm of the Uniugref Padova (Legnaro, Padova, Italy). Canola
expeller was derived by a canola variety (Excalilekalb, Monsanto Agricoltura Spa, Lodi, Italy)
that was grown and harvested in a pilot farm latateValle Vecchia (Caorle, Venezia, Italy).
Canola seeds were single-crushed at moderate tetupes (60°C) using two single-screw presses
equipped with a rotating screw shaft within an bontal barrel (Mailca Srl, Modena, Italy). The
input flow rate of the presses was 120 kg/h of seetth a hourly production of 40 kg of oil and 80
kg of expellers. Prior to incubation, all diets weround by a hammer mill (Pullerisette 19, Fritsch
GmbH, Laborgeratebau, Germany) with a screen gizenum.

2.2 Experimental design and incubation procedures

A preliminary incubation (72 h) was performed taedmine t%2, the time at which the diets
produced half of asymptotic GP (Blummel et al., 299The four diets were incubated, in four
independent replicates, into individual glass lesttivith rumen fluid and buffer. Four bottles,
without sample diet (containing only rumen fluiddavuffer), were included as blanks, for a total of
20 bottles incubated. From this incubation the &slaf t%2 provided by the four diets resulted, on
average, 16 h. After that, a second incubation veased out, using the same experimental design
described above, and stopped in correspondenéé (@ h). In the current trial a mean value of t¥2

was considered, instead of single t¥2 value provioeckach diet. This analytical procedure was
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followed as the present experiment aimed to evaldaestibility and fermentation products (gas,
VFA, and N-NH3) at times included in the intervaripd characterized by greater GP (between 12
and 24 h of incubation, in the present case; séeT3, when microbial activity is supposed to be
maximal and, presumably, microbial lysis has ndtoeeurred. Further, the adoption of a sole t%
value allowed to simplify analytical procedures.
Rumen fluid was collected using an oral-esophagedbe 2 h before morning feeding from 3 dry
Holstein-Friesian cows. The cows were housed atettgerimental farm of the University of
Padova and daily fed had libitumand 2 kg of concentrate (500 g/kg corn meal, 2&Q barley
meal, and 250 g/kg soybean meal). Rumen fluid v@®d into thermal flasks preheated to 39 +
0.5°C and immediately transferred to the laboratstyained through 3 layers of cheesecloth to
eliminate feed particles and mixed with the buféaution in a 1 to 2 ratio under anaerobic
conditions, by flushing with carbon dioxide (Mended Steingass, 1988). The buffer solution was
prepared according to Menke and Steingass (19&&)tet in a water bath at 39°C and purged
continuously with carbon dioxide for 30 min. Sodigniphide (0.33 g/l solution) was added to the
buffer solution as reducing agent (Menke and Stsag1988). These operations required less than
30 minutes. Each bottle (capacity: 280 ml) wa®dillvith 0.500 + 0.0010 g of sample diet and 75
ml of buffered rumen fluid (205 ml of resulting lispace volume), keeping headspace of bottles
continuously flushed with carbon dioxide, to maintanaerobic conditions. After filling, all bottles
were placed into a ventilated incubator set at 39001 °C. The bottles were not shaken during the
incubation.
2.3 Gas production

The wireless ANKOM™ Gas Production System (Ankom Technology, Maceddr, USA)
was used. This system is composed by 20 bottlgmédy: 280 ml) equipped with an ANKOM
pressure sensor module (pressure range: —69 to/#32et resolution: 0.27 kPa; accuracy £0.1% of

measured values) including a microchip and a radialer.
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During the incubation the pressure changes in dagl$pace of bottles, measured as difference with
respect to atmospheric pressure at the beginnirigcobation (P0), were transmitted via a radio
frequency to a computer at a fixed interval timenfin) and recorded in a database. The gas
accumulated in the headspace of each bottle wasnatitally released by an open-closed valve
when a pressure variation of +3.4 kPa was reachadlipietra et al., 2010). The cumulative gas
pressure AP) was calculated from pressure changes at vatimes and converted to units of
volume (GP, ml) using the ideal gas law:
GP = AP/P0) x Vo (1)
where:AP is the cumulative pressure change (kPa) in thddpace of bottle; Vo is the headspace
volume of bottle (205 ml), and PO is atmospheriespure read by the system at the beginning of
incubation. The final GP measured for blanks (kbstttontaining only buffered rumen fluid) was
subtracted from the final GP measured for othetldé®{containing feed sample and buffered rumen
fluid) to take into account for the baseline ferta¢ion from buffered rumen fluid and expressed
per g of DM incubated. The cumulative volumes weest fitted using the model proposed by
Groot et al. (1996):
GP (t) = AGP/(1 + (tV4t°) 2
where: AGP is the asymptotic GP (ml/g of feed DMubated), t%2 is the time (h) at which half of
the AGP is produced, and c is a constant repreggtite sharpness of the curve.
2.4 Chemical analysis

Samples of whole soybean seed, canola expellerdestsl were analysed in triplicate for dry
matter (DM; # 934.01; AOAC, 2003), crude proteirP{(Gt 976.05; AOAC, 2003), ether extract
(EE; # 920.29; AOAC, 2003), ash (# 942.05; AOACD2)) starch (# 948.02; AOAC, 2003).
Neutral detergent fibre (aNDF), inclusive of resiliash, was determined widramylase and
sodium sulphite, as suggested by Mertens (2002)gube Ankoni®® Fibre Analyser (Ankom
Technology, Macedon, NY, USA).

2.4 Degradability
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At the end of the second incubation (16 h), redifluals of fermentation were recovered from
each bottle and transferred to weighed filter dsles (30 ml, porosity 40-100 mm, Robu Glasfilter-
Gerate GMBH, Hattert, Germany) and treated wittmgdase and sodium sulfite for aNDF analysis
using a Fibertech Analyser (VELP Scientifica, Mildtaly), following the procedure of Mertens
(2002). After treatment, crucibles were dried a&@@@nd weighed to determine the residual amount
of NDF (aNDFres). Values of aNDF (dNDF) and true Rhgestibility (TDMd) were computed
according to Goering and Van Soest (1970).

2.5 Volatile fatty acids and ammonia N

At the end of the second incubation (t2), two aitgu5 ml) of fermentation fluid were collected
from each bottle. The aliquots were treated witlo tw of metaphosphoric acid (25% wi/v) and
stored at -20°C until the analysis for ammonia NNN3) and VFA profile. The N-NKl content
was determined using a potentiometer (Bench pHinater, Oakton Instruments, Vernon Hills,
USA) equipped with a specific electrode (pH met&SBC 20, Crison Instruments, Alella, Spain),
as indicated by Bailey (1980). Volatile fatty agdbfile of buffered rumen fluid was determined
using HPLC (Thermo-Finnigan, CA, USA) made up dbmectra System P4000 solvent delivery
system, a Spectra System AS3000 auto-samplerfaahfial refractometer detector (Waters 410,
Cary, NC, USA) and a 300 mm x 7.8 mm3, 0.0025 N Bio-Rad stainless-steel column (Bio-
Rad Laboratories, Richmond, CA, USA).

2.6 Statistical analysis
Data were analyzed using the general linear mguelsedure (PROC GLM) of SAS (2005). The model usasd:
Yi=H + 0 tegj
where: y = single observation, p = overall mean=[ffect of diet (i = 4 levels) anglx = residual
error term ~N(0p?). Orthogonal contrasts were carried out for inicdndevel (high and low) and

for supplement (whole soybean seed and canola lekpelreatment effects were accepted as

significant with aP value of 0.05 or less.
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3. Results

The chemical composition of the two supplementgiven in Table 1. Compared to WSS, CE
showed a lower CP (287 and 385 g/kg DM, for CE WS, respectively) and a comparable EE
content (199 and 202 g/kg DM, in the same ordem)l, @ greater fraction of aNDF (291 and 135
g/kg DM, in the same order) with a higher degreégpfification (75 and 12 g ligniga/kg DM, in
the same order). The ME estimated according to NEE®6) resulted lower for CE compared to
WSS (3.30 and 3.40 Mcal/kg DM, for CE and WSS, eefipely).
The values of GP at various incubation times ametic parameters obtained in the preliminary
incubation (at 72 h) are shown in Table 3. Theusidn level did not show to influence GP values,
except at 24 h of incubation, where high-inclustiets provided greater GP compared to those at
low-inclusion level P<0.05). Further, two high-inclusion diets showedignificantly <0.01)
lower t%. This pattern is also graphically représdnn Figure 1. High-inclusion diets provided
greater GP rate, expressed as hourly GP per graBMpfwithin the first 20 h of incubation;
however, after this time and until about 40 h afuipation the pattern was opposite, with low-
inclusion diets providing greater GP rate. The $erpent did not significantly affect GP values,
except at 12 h of incubation, where CE providedagme amounts of gas compared to WSS
(P<0.01). This pattern is graphically representeéigure 2. When supplemented to low-inclusion
diets, CE showed a greater GP rate within the fl@th of incubation, compared to WSS.
Accordingly, CE provided lower values of t¥2 wittspect to WSS, irrespective from the inclusion
level (P<0.05). Conversely, the interaction inclusion leyedupplement was never significant.
The values of aNDF (dNDF) and true DM digestibiliffDMd), GP, and end-products of
fermentation (VFA and N-NH3) achieved from the setmcubation (at t¥2) are reported in Table
4. Both values of dNDF and TDMd were affected byglusion level, supplement and their
interaction. Values resulted, on average, greaierhigh-inclusion level than for low-inclusion

level, and for CE than for WS$<0.01). Values of GP measured at t%2 were not inftad by
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inclusion level, supplement and their interacti®milarly, also the ratio between the values of
TDMd and GP did not differ significantly. The insion level did not exert effects on total VFA
production, but changed VFA proportions. At higllusion level, the production of acetate
resulted proportionally smaller compared to lowhiisoon diets, whereas the opposite trend was
observed for propionateP€0.01). As consequence, the ratio between acetade paopionate
resulted lower for two high-inclusion dietB<0.01). Conversely, the supplement did not change
neither VFA production or proportion. The interactiinclusion level x supplement resulted
statistically significant only for acetate prodwacti (P<0.05). N-NH3 N (N-NH) concentrations
measured at t¥2 were influenced by inclusion legelpplement and their interaction. Values
resulted greater for high-inclusion level, in comgan with low, and for CE, in comparison with
WSS P<0.01).
4. Discussion
4.1 Effects of inclusion level

In the preliminary incubation (at 72 h) values d? @ere influenced by inclusion level only at
24 h, resulting greater for high-inclusion dietgcArdingly, inclusion level did not affect GP when
fermentations were stopped in correspondence ¢164). Cone and Van Gelder (1999), observed
that the gas production is mainly influenced bytgirocontent in the first part of incubation. Highe
values of GP at 24 are confirmed by lower valuegoobtained, these results suggest that diets at
high inclusion level are more quickly degradablanttthe diets at low level of inclusion as show as
well from the gas production rate. In the incubatat 72 h, high-inclusion diets tended to produce
greater amounts of gas, compared to low-inclusimespalso at 12 h of incubatioB=0.09). From
these differences it can be concluded that highugman diets were more rapidly fermented within
the first phases of incubation, even if the reasamt easily detectable. When fermentations were
stopped at t¥2 (16 h), high-inclusion diets showsdhler values of dNDF compared to low-
inclusion ones. This result could be likely atttidodi to greater lipid content of high-inclusion diet

that could have reduced activity and growth of ronmeicroorganisms, in particular of those
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cellulosolytic, even if some rumen bacteria areedblprotect themselves by toxic action of dietary
lipids through the process of bio-hydrogenation i@Mat al., 2007). This hypothesis is also
supported by the fact that, in the case of highdsion diets, a lower proportion of acetate, tisat i
primarily produced by cellulosolytic bacteria, wgslded in favour of propionate production. To
this regard, it is largely recognized that molaogartions of different VFA are strictly dependent
on the type of fermented substrate (Beuvink andeSpa, 1992; Blummel and @rskov, 1993).
However, the lipid content of high-inclusion di¢ss7% DM) was under the threshold (8-10% DM)
that is supposed to gravely impair microbial a¢ginand growth (Jenkins, 1993). On this basis, it
should be supposed that microbial activity and ghowere not particularly impaired by dietary
lipids, also in the case of high-inclusion dietkisThypothesis is supported by values of TDMd, that
resulted greater for high-inclusion diets, and ditgltVFA production, that was comparable for two
inclusion levels. However, despite this latter $amiy, yield of branched-chain VFA resulted
greater in high-inclusion diets, as probable resttheir greater CP content (Hungate, 1966).
Cone et al., (1997) argued that the most part efpitotein is fermented during the first hours of
incubation, together with the other soluble compsieFurthermore Belanche et al. (2012) found
that low protein level in the diets decreased OMeamdigestibility. As expected values of N-NH3
were higher in high level diets due to the higlestel of protein. The most part of rumen microbes
uses as main sources of N, rumen N-NH3 but if ofwrces of non-N-NH3 are available, in
condition of not limiting energy, as was likely tligets used in this experiment, bacterial can
increase use of non-ammonia N (i.e. AA and peptides reduce the use of N-NH3 (Carro and
Miller, 1999).
4.2 Effects of supplements

Two supplements mainly differed for starch, fibrdwaction (aNDF, ADF and lignigs), and CP
content, whereas the EE content was comparablele¥alf chemical composition resulted in line
with tabled data ( NRC, 1996). The EE content afota expeller (199 g/kg DM) was in line with

findings of Leming and Lember (2005), and internagelbetween 13% DM reported by Spragg and
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Mailer (2007) and 27% DM observed by Thacker anttiF2009). Literature indicates that oil
content of canola expellers is extremely variablgh a fat percentage ranging from 8 to almost
30% DM, as the mechanical extraction is a poodyngardized and efficient method (Leming and
Lember, 2005; Thacker and Petri, 2009;). Anywaylithid content of CE used in the current study
compared to others had be considered greaterthlbae reported by the most part of studies where
lipid content was included between 10.2 and 13.EE6on DM basis, (McKinnon and Walker,
2009; Seneviratne et al., 2010; Woyengo et al.028&neviratne et al., 2011a,b) probably because
of canola seeds in our experiment were pressed mmdg leaving a higher oil residual. There is
large evidence that the physical and chemical cheniatics of canola expellers seem to be
influenced by temperature at which the oil exti@etis performed and by number of pressings
(Weigal, 1991; Glencrosst al, 2004). In the current experiment canola seeds peessed at
moderate temperatures (cold-pressing at 60°C), taadonly heat was that generated from the
crushing of seeds. The choice of cold-pressingduasto the fact that heat treatment (i.e. at 100°C)
is recognized to reduce notably protein and aNDdratiability (Mustafa et al., 1999; Kass et al.,
2005; Klein-Hessling, 2007; Spragg and Mailer, 200IcKinnon and Walker, 2009). Differently
from CE, WSS used in the present experiment wagstda to toasting (at 100°C), as commonly
practiced to deactivate anti-nutritional factorsofbean (i.e. trypsin inhibitors), and heat treatm
could have presumably reduced rumen degradability 8S protein fraction. On this basis, greater
GP provided by diets supplemented with CE withie tinst hours of incubation at 72 h could be
attributed to higher protein degradability of CE, this supplement was not heat-treated. To this
regard, Karlsson et al. (2009), using an innovaitiveitro GP system, observed that rumen protein
degradability of cold-pressed CE and soybean meal eomparable. The lower values of dNDF
and TDMd provided by diets containing CE at t% rmefubation could be related to greater ADL

content of this supplement, that could have redutsedimen degradability.
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5. Conclusions

In the current experiment inclusion level exertetysmall effects on values of GP, both when
fermentations were stopped at 72 h and at t% (18dWever, high-inclusion diets provided greater
amounts of gas within the first phases of inculma{2d h), even if these effects were not detected a
t%, the time at which microbial activity is suppds® be maximal and microbial lysis has not
presumably yet occurred. When incubations werepgtid@t 72 h, diets supplemented with canola
expeller showed greater values of GP at early ghasancubation (12 h) compared to those
containing whole soybean seed. However, also sidase no differences were observed among two
supplements in correspondence of tY2.
Reduction of CP in diets for ruminant is a valichgtgy to reduce N excretion, but reduction on N
availability could limit rumen activity and degrdility of feed. Using low nitrogen diets, is
important supply the rumen with sources of N quicllegradable. Results of this experiment
suggest the differences between inclusion levelsndi depend only by the protein but also by the
rate of fermentation of the other degradable coraptmin the mixture of feedstuff.
The two supplement did not differed in total gasduction but the different gas production rate
suggest that inclusion of CE in diet for ruminaahamprove N utilization by rumen bacteria for
that is can be an alternative to WSS in diet at@Rvcontent for ruminant. The high lipid content of
canola expellers could be a limit to its use intglianyway at level used in this experiment did not
showed detrimental aspect for fermentations.
6. References
AOAC, 2003. Official Methods of Analysis of the Assation of Official Agricultural Chemists,

17th ed. (2th revision). AOAC International, Gaitteurg, MD, USA.

Baquero, G., Bernat, E., Antoni, R., Jordi-Roger, Rita, P., 2010. Small-scale production of
straight vegetable oil from rapeseed and its uséiafsiel in the Spanish territory. Energy

Policy. 38, 189-196.

105



106

Belanche, A., Doreau, M., Edwards, J.E., MoorbW|.JPinloche, E., Newbold, C.J., 2012. Shifts
in the rumen microbiota due to the type of carboaieland level of protein ingested by dairy

cattle are associated with changes in rumen feattient J. Nutr. 142, 1684-1692.

Beuvink, J.M., Spoelstra, S.F., 1992. Interactibesween substrate, fermentation end-products,
buffering systems and gas production upon fermiemtatif different carbohydrates by mixed

rumen microorganisms in vitro. Appl. Microbiol. Tewl. 37, 505-5009.

Blummel, M., Aiple, K.P, Steingabeta, H., Becker,, K999. A note on the stoichiometrical
relationship of short chain fatty acid productiomdagas formation in vitro in feedstuffs of

widely differing quality. J. Anim. Physiol. Anim.Nr. 81, 157-167.

Blummel, M., @rskov, E.R., 1993. Comparison of gagduction and nylon bag degradability of

roughages in predicting feed intake in cattle. Ani@ed Sci. Technol. 40, 109-119.

Carro, M.D., Miller, E.L., 1999. Effect of supplenteng a fibre basal diet with different nitrogen
forms on ruminal fermentation and microbial grovithan in vitro semi-continuous culture

system (RUSITEC). Br. J. Nutr. 82, 149-157.

Cone, John W.,Antonie H.van Gelder Frank DriehLi&97. Description of gas production profiles

with a three-phasic model. Anim. Feed Sci. Tech86).493-445

Cone, J.W., Van Gelder, A.H., 1999. Influence adtpin fermentation on gas production profiles.

Anim. Feed Sci. Technol. 76, 251-264.

Glencross, B., Hawkins, W., Curnow, J., 2004a. iatral assessment of Australian canola meals.
|. Evaluation of canola oil extraction method andamprocessing conditions on the digestible
value of canola meals fed to the red seabrdegyrus auratus, Pauli Aquacult. Res. 35, 15-

24,

106



107

Glencross, B., Hawkins, W., Curnow, J., 2004b. Notral assessment of Australian canola meals.
Il. Evaluation of the influence of the canola oXtmaction method on the protein value of

canola meals fed to the red seabreRagfus auratus, Pauljn Aquacult. Res. 35, 25-34.
Hungate, R.E., 1966. The rumen and its Microbesd&mic Press, New York, NY, USA.

Jenkins, T.C., 1993. Lipid metabolism in the rum&rDairy Sci. 76, 3851-3863.

Kaldméae, H.R., Leming, M., Kass, A., Lember, A.]@,&6., Kart, O., 2010. Chemical composition
and nutritional value of heat-treated and cold-gedsrapeseed cake. Vet. Med. Zoot. 49, 55-

60.

Karlsson, L., Hetta, M., Udén, P., Martinsson, B009. New methodology for estimating rumen
protein degradation using the in vitro gas produrctechnique. Anim. Feed Sci. Technol. 153,

193-202

Kass, M., Kaldmae, H., Kart, O., Ots, M., Olt. Q05. Effect of temperature on the quality of

rapeseed cake protein. Proc"Baltic Anim. Breed. Gen. Conf., Palanga, Lithuat@8-201.
Klein-Hessling, H., 2007. Value canola meal befaosang it. World Poult. 23, 24-28.

Koenig, K.M., Beauchemin, K.A., 2005. Barley versustein-supplemented corn-based diets for
feedlot cattle evaluated using the NRC and CNCRS im@dels. Can. J. Anim. Sci. 85, 377-

388.

Leming, R., Lember, A., 2005. Chemical compositdmexpeller-extracted and cold-pressed canola

meal. Agraarteadus 16, 103-109.

Maia, M.R.G., Chaudhary, L.C., Figueres, L., WadlaR.J., 2007. Metabolism of polyunsaturated
fatty acids and their toxicity to the microflora tife rumen. Antonie Van Leeuwenhoek. 91,

303-314.

107



108

McKinnon, J.J., Walker, A.M., 2009. Comparison ahola and mustard presscake from biodiesel

production as protein sources for growing cattl@n CGl. Anim. Sci. 89, 401-408.

Menke, K.H., Raab, L., Salewski, A., Steingass,Hiitz, D., Schneider, W., 1979. The estimation
of the digestibility and metabolizable energy cotdeof ruminant feedstuffs from the gas

production when they are incubated with rumen IrquoAgric. Sci. 92, 499-503.

Menke, K.H., Steingass, H., 1988. Estimation of ¢nergetic feed value obtained from chemical

analysis and gas production using rumen fluid. AriRes. Dev. 28, 7-55.

Mertens, D.R., 2002. Gravimetric determination wiytase-treated neutral detergent fiber in feeds

with refluxing in beakers or crucibles: collabovatistudy. J. AOAC Int. 85, 1217-1240

Mustafa, A.F., McKinnon, J.J., Christensen, D.A99. Effect of moist heat treatment mnvitro
degradability and ruminal escape protein and amaicids of mustard meal. Anim. Feed Sci.

Technol. 76, 265-274.
NRC. 1996. Nutrient Requirements of Beef Cattla.rév. ed. Natl. Acad. Press, Washington, DC.

Raun, N.S., Burroughs, W., 1962. Suction straiaehmique in obtaining rumen fluid samples from

intact lambs. J. Anim. Sci. 21, 454-457.
SAS® User's Guide, 2005. 5th ed. SAS Instit., Inc.,\GAIC, USA.

Seneviratne, R.W., Beltranena, E., Goonewarden&,, Zijlstra, R.T., 2011. Effect of crude
glycerol combined with solvent-extracted or expefieessed canola meal on growth
performance and diet nutrient digestibility of wedrpigs. Anim. Feed Sci. Technol. 170, 105-

110.

108



109

Seneviratne, R.W., Beltranena, E., Newkirk, R.WqoGewardene, L.A., Zijlstra, R.T., 2011b.
Processing conditions affect nutrient digestibitifycold-pressed canola cake for grower pigs.

J. Anim. Sci. 89, 2452-2461.

Seneviratne, R.W., Young, M.G., Beltranena, E., i&ardene, L.A., Newkirk, R.W., Zijlstra,
R.T., 2010. The nutritional value of expeller-pesxanola meal for grower-finisher pigs. J.

Anim. Sci. 88, 2073-2083.

Spragg, J., and R. Mailer. 2007. Canola meal vahan quality improvement. Canola meal value

chain quality improvement. A final report for AOR&Pork CRC. Project 1B-103-0506.

Thacker, P.A., Petri, D., 2009. The effects of darmr mustard biodiesel press cake on nutrient

digestibility and performance of broiler chickeAsian-Aust. J. Anim. Sci. 22, 1531-1539.

Tagliapietra, F., Cattani, M., Bailoni, L., Schiawyd., 2010. In vitro rumen fermentation: Effect of
headspace pressure on the gas production kindtmsrio meal and meadow hay. Anim. Feed

Sci. Technol. 158, 197-201.

Van Nevel, C.J., Demeyer, D.l.,, 1988. Manipulatioh rumen fermentation. In: The Rumen

Microbial Ecosystem. : Ed. P.N. Hobson, Elseviepkgd Science, London, pp. 387-443.

Van Soest, P.J., 1994. Nutritional Ecology of thenfihant, third ed. Cornell University Press,

Ithaca, NY, USA.

Weigal, J., 1991. Oilseed meals and the effectrofgssing on their subsequent quality. In: Recent
Advances in Animal Nutrition in Australia. Ed. D.Farrell, University of New England,

Armidale, pp. 317.

Woyengo, T.A., Kiarie, E., Nyachoti, C.M., 2010. &gy and amino acid utilization in expeller-

extracted canola meal fed to growing pigs. J. Argai. 88, 1433-1441.

109



110

Xiccato, G., Schiavon, S., Gallo, L., Bailoni, IBjttante, G., 2005. Nitrogen excretion in dairy

cow, beef and veal cattle, pig, and rabbit farmNanthern Italy. Ital. J. Anim. Sci. 4, 103-111.

Yan, T., Frost, J. P., Keaty, T. W. J., Agnew, R. Mayne, C. S., 2007. Prediction of nitrogen
excretion in feces and urine of beef cattle offeteds containing grass silage. J. Anim. Sci. 85,
1982-1989.

Table 4. Dry matter (DM, g/kg), chemical compositi(g/kg DM), aNDF (dNDF; g/kg DM) and

true DM digestibility (TDMd; g/kg DM), and ME conté (Mcal’kg DM) of whole soybean seed
and canola expeller (n = 3 per feed).

Whole soybean seed Canola expeller

DM, g/kg DM 888 895
CP 385 287
Starch 42 129
Ether extract 202 199
aNDF 135 291
ADF 62 202
ADL 12 75
Ash 52 66
dNDF 916 681
TDMd" 981 829
MEF®, Mcal/kg DM 3.40 3.30

dcomputed as aNDF - aNRE aNDF
bcomputed as (DM.q— aNDFe9 / DMqeeq(Goering and Van Soest, 1970)
“estimated according to NRC (2001)
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Table 5. Ingredients (g/kg DM), chemical composit{®6 on DM basis), and ME content (Mcal/kg
DM) of diets supplemented with high or low levelswhole soybean seed (WSS) and canola

expeller (CE).

Inclusion level

High Low
WSS CE WSS CE
Ingredients, g/kg DM
Corn silage 330 316 376 369
Corn meal 290 278 331 324
Dry sugar beet pulp 105 100 119 117
Wheat bran 24 23 28 27
Wheat straw 40 39 46 45
Vitamin and minerals prenfix 27 26 30 30
Soybean meal 44 78 - 18
Canola expeller - 140 - 70
Whole soybean seed 140 - 70 -
Chemical composition, % on DM basis
DM 89.0 88.5 90.4 90.2
CP 14.7 14.7 10.9 10.9
Starch 32.0 32.0 35.8 35.8
Ether extract 5.69 5.71 4.56 4.61
aNDF 30.5 32.1 32.8 33.6
ADF 14.4 15.3 15.2 15.6
ADL 1.60 2.65 1.77 2.21
Ash 5.86 5.32 6.21 5.03
MEP, Mcal/kg DM 2.57 2.49 2.49 2.47

®Premix contained per kg of diet: calcium carbongtapes hulls, magnesium carbonate, sodium
chloride, urea (4.3%), magnesium oxide, mono anetattium phosphate, wheat flour,
saccharomyces cerevisiae 160 CFU; supplemented witéimin A 400,000 Ul ; vitamin D3 40,000
Ul; vitamin E 1000 mg; vitamin B1 80 mg; vitamin BD.40 mg; vitamin PP 4000 mg; choline
chloride ruminally-protected 2000 mg; Mn 650 mg; TQA0 mg; Zn 1500 mg; | 20 mg; Co 12 mg;
Se 3 mg.

Pestimated according to NRC (2001)
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Table 6. Incubation at 72 h. Gas production (GRgrIM) at various times of incubation and
kinetic parameters of GP of diets supplemented tidih or low inclusion level of whole soybean

seed (WSS) and canola expeller (CE).

Inclusion level

High Cow - P value
WSS CE WSS CE Inclus(llc;n level Sup%e)ment | xS

Gas production, ml/g DM

at6h 49 54 45 51 2.6 0.34 0.11 0.66
at12 h 105 118 97 110 3.9 0.09 <0.05 0.10
at24h 202 211 193 192 5.0 <0.05 0.50 0.46
at48 h 272 269 273 265 5.8 0.86 0.48 0.77
at72h 292 288 292 287 6.2 0.99 0.41 0.90
Kinetic parameters of GP

A? ml/g DM 313 299 321 320 7.3 0.15 0.47 0.50
T2, h 16.6 14.4 182 17.7 051 <0.01 <0.05 0.15
c 1.63 147 161 1.60 0.045 0.22 0.09 0.12

%asymptotic GP

Ptime at which half of A is produced
‘constant determining the sharpness of the curve
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Table 7. Incubation at t%. Neutral detergent fitadlDF; g/kg DM) and true DM digestibility
(TDMd; g/kg DM), gas production (GP, ml/g DM) andlatile fatty acids production (VFA,
mmol/100 mmol), and ammonia N concentration (NsNrg/g DM) of diets supplemented with
high or low inclusion level of whole soybean se5S) and canola expeller (CE).

Inclusion level P value
High Low SEM Inclusion Supplemen xS
WSS CE WSS CE ()] t
(s)
dNDF, g/kg DM 193 253 205 240 2.3 <0.05 <0.01 <0.01
TDMd" 710 764 704 720 0.9 <0.01 <0.05 <0.05
GP, ml/g DM 145 151 137 137 13.0 0.16 0.67 0.72
TDMd/GP 5.01 5.08 518 5.19 0.49 0.61 0.89 0.92
Total VFA, mmol/100 mmol 2.73 2.84 2.56 257 0.5910.14 0.70 0.72
Acetate 59.5 60.0 619 60.8 0.64 <0.01 0.30 <0.05
Propionate 27.5 27.6 26.2 27.0 0.42<0.01 0.67 0.89
n-butyrate 10.6 10.1 987 104 0.62 0.50 0.94 0.12
Iso-butyrate 0.46 0.40 0.43 0.36 0.11 0.59 0.24 0.85
n-valerate 1.17 1.10 0.99 0.90 0.50 0.46 0.76 0.98
Iso-valerate 0.65 0.81 0.57 0.49 0.16 <0.05 0.61 0.17
Branched 2.39 2.14 192 2.06 0.69 0.24 0.77 0.70
Acetate/propionate 2.55 2.54 274 2.64 0.05<0.01 0.05 0.08
N-NH3, mg/g DM 1.95 2.44 1.08 1.16 0.013 <0.01 <0.05 <0.01
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Figure 1. Gas production rate at high inclusiorelgdotted line) and low inclusion level (solid
line)
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Chapter 7

Conclusion

The main conclusions to be drawn from of this disg®n about CE are:

» Canola expellers extracted on the farm have highld Icontent due to production by a
mechanical system that is not very efficient ateailraction. Due to this, it was proposed to
detect its stability especially with relation tc itipids fraction. From the analyses CE
showed high stability of lipid fraction with peralé values under the threshold that is
reported to impair rumen fermentation.

» High content of residual oil in canola expellersildbinhibit rumen activity, therefore its
inclusion in diets for ruminants must be considecedvoid inhibition of rumen activity.

* Invitro experiment showed CE had greater degradabilitypeoed to WSS and that it could
be available for inclusion in low protein diets fominants.

» Diets containing CE showed a higher efficiency ibfogen utilization and therefore a lower
outflow of non-ammonia N from the fermenters, sigjigg a lower amount of by-pass
protein compared to WSS.

* Diets at low CP level reduced degradability andr&® only in the first part of incubation,
but total gas production did not differ.

* Inclusion of CE in diets at low CP content leadatbigher rate of degradation in the first
hours of incubation compared to WSS.

* Modern techniques of animal feeding are designedgasted by nitrate directive) to reduce
N excretion by reducing the N content supplied B @clusion of CE in these diets can be
a useful method to increase efficiency of nitrogéhzation due its higher degradability.

» Use of CE presents economic advantages for far(aeeslability of protein animal sources

and less dependence from fossil fuel) and redurv@sommental pollution.

115



116

» Some disciplinaries (Parmigiano Reggiano cheesan&Padano cheese...) do not allow

use of canola and its by-products for animal fegdin
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