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ABSTRACT

The purpose of this resea¡ch was to explore the potential for improved utilization of canola meal by

monogastric animals. In study one, 26 yellow-seeded and 7 brown-seeded Brassica genotypes were

evaluated for differences in chemical composition and dietary fibre profiles. On average, in comparison

to brown-seeded, yellow-seeded genotypes contained more sucrose (8.7Vo vs 7.SVo) and protein (44.570

vs 42.7Vo) and less dietary fibre (28% vs 33Vo). Dietary fibre was negatively correlated (r:-0.71) with

protein content and its ¡eduction in yellow-seeded samples was attributed to lower c,ontents of lignin and

polyphenols, cell watl protein and minerals associated with the fïbre fraction. In a second study, selected

Brassica genotypes were analyzed for digestible protein, soluble fibre, content of soluble phenolics and

extract viscosity. Despite only minor differences in soluble fibre, soluble phenolics and extract viscosity,

B. rqa and B. tnpus species had relatively high digestible protein content in comparison to B. juncea and

B. carinata species. The measurements of digestible protein and dietary fibre as well as soluble phenolics

and extract viscosity were poorly correlated. Based on chemical comFosition and digestibleprotein content,

four Brassica cultiva¡s were selected for use in a third study and the seeds were processed under optimal

moist heat treatment conditions (108 * 1oC for 20 nin). The samples included yellow-seeded B. rapa (cv.

Parkland), B. rupus (cv. Y1016) andB. juncea (J4316) andbrown-seededB. rapus (cv. Excel). Withthe

exception of B. rapa, all samples had higher than commercial meals protein content with the yellow-seeded

B. rupus canola showing the highest true metabolizable energy value. The overall performance of broiler

chickens fed the Bralsica sæÃ meals was similar to that of the commercial meal from yellow-seeded canola

(control) except for B. juncea which had a relatively high content of undesirable aliphatic glucosinolates.

Of the diets with comparable growth performance, birds fed the yellow-seeded B. napus canola showed

the highest feed efficiency value. In.a forth study an attempt ìil¡s made to improve the utilizationof canola

meal by supplementation of broiler chicken diets with exogenous enzymes. A positive and synergistic

effect was noted w¡en a combination of protease, carbohydrase and phytase enzymes were supplemented

to canola meal-based diets deficient in available phosphorus.
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1. INTRODUCTION

Seeds of Brassica species, canola/rapeseed and mustard rape, have become

important oilseeds in many temperate and high altin¡de climaæ zones where other oil

crops caû not thrive and grow @ell, 1984). Brassica crops currently account for 13.2%

of the world's edible oil ouput, which makes them the third most important source of

edible oil after soybean and pabn (Shahidi, 1990a). In comparison to soybeans, Brassica

seeds are considerably smaller and contain a higher oil content of more t¡en 40% (dry

matter basis), with a profile of fatty acids well suiæd to modem human consumption

(Achan, 1990). The zuperiority of canola varieties to the original rapeseed cultivars

is well known. Rapeseed cultivars had disadvantages in that they yielded oil which

contained 25 to 45% erucic acid and the oil-extracæd meal had 110 to 150 ¡rmöles of

aliphatic glucosinolates per gram (Bell, 1993a). As a rezult of genetic selections, current

cultivars yield oil with less thetLVo erucic acid and less rhan 30 ¡rmoles of glucosinolates

per grrim of the meal.

Most of the oil derived from Brassica seeds is used in human food products such

as margarine, salad and cooking oils (Downey, 1983). The meal which remains after oil

e¡rtraction contains 3844Vo (dry matær basis) of high quality protein with an amino acid

profile comparable to that of soybean meal (Fenwick, 1982; Downey and Röbbelen,

1989). While in some Asian countries the high glucosinolaæ meal is still being used as

an organic fertilizer, in htrope and Canada the improved quatity meal is exclusively used

as a protein zupplement in livestock and poultry diets @owney, 1983; Bell, 1984).
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Despiæ the high protein content, the use of canola meal (CM) as a high quality

protein supplement for poultry and other monogastric animals is still limited by high

content of dietary fibre (307o)in the meal (Bell and Shires, 1982). Dietary fibre rends

to dilute the nutrient content and has also been associated with reduced energy (Sarwar

et a|.,1981) and protein digestibilities in CM'based diets (Bell, 1993a). The major fibre

components in CM include cellulose (4-67o), non-cellulosic polysaccharides (13-16%),

lignin and polyphenols (5-8%), and protein and minerals associated with the fibre fraction

(Slominski and Campbell, 1990). The nutritive quality of CM may be improved by

reducing fibre content through genetic selections, innovations in processing plants or by

dietary means. Currently, plant breeding programs are directed towards selection for

yellow-seeded varieties of low fibre content (String4m et al., 1974). Efforrs in

commercial processing are aimed at reducing fibre content by dehulling of the seed prior

to oil extraction and animal nutritionists are examining the possibility of increasing

nutrient digestibility through the use of cell wall degrading enzymes (Slominski and

Campbell, 1990; Slominski et aL.,1993).

Recent reports on chemical composition of yellow-seeded canola indicated only

minimal reduction in fibre content which, as opposed to brown-seeded type, was found

to contain more of non-starch polysaccharides (NSP) at the expense of lignin and

associated polyphenols (Slominski and Campbell, l99la: Slominski et al., t994a).

Despite the increased nutrient content in dehulled CM, the processing industry is yet to

establish the appropriate conditions to improve percolation of hexane through the hull-

free and thus very fine meal @ell, 1993b). While the application of supplementary cell
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wall degrading eruymes tend to increase NSP digestibility in laying hens (Slominski and

Campbell, 1990), their effect on the performance of growing chickens still remains

inconclusive (Slominski et al., 1993).

I¿ck of visible improvements in energy and proæin utilization from yellow-seeded

canola, dehulled CM and enzyme supplemented conventional CM suggests that further

research is needed to characterize the factors that influence meal quality. The major

objective of this study war¡ to provide detailed knowledge on chemical composition of

canola with emphasis on the potential relationship between total and digestible protein

and soluble and insoluble dietary fibre conænts. The effect of various conditions of

moist heat treament on ín vitro protein digestibility was sn¡died in order to establish

optimal parameters required for processing of canola seed. Such parameters were further

employed for processing of the seed used in zubsequent in vivo evaluation of selecæd

samples of canola. Since a wide range of yellow- and brown-seeded shains/varieties

were included in the study, it is believed that this research will provide valuable

information for fufi¡re canola selection programs. Knowledge of digestible protein and

available amino acid contents and the profile of dietary fibre witt assist in identifying the

indusfrial en4me preparations zuitable for canola meal treatuent. Therefore, the second

objective of the study was to explore the poæntial for imFroved utilization of canola meal

by zupplementation of canola meal containing poultry diets with exogenous proæase and

carbohydrase enzymes.



2. LITERATTJRE REVIEW

2.1. CANOLA MEAL: mS IMPORTANCE AND LIMITATIONS

2.1.1. Historical Perspectives

The real beginning of rapeseed cultivation is not certain as the domestication of

the crop occurred at different times in different paru of the world. Domestication of

rapeseed occurred whenever the economical value of Brassica weed seeds in cereal grain

crops was appreciated by local populations @oulter, 1983; .Appbqvist, t972). Early

Asian Sanskrit writings indicaæ rapeseed to have been an imporant oil crop as early as

2000-1500 B.C. Ancient civilizations used rapeseed oil for illumination, cooking,

medicinal, paint and soap making (Åppleqvist and Olhson, lg72). Rapeseed cuttivation

was introduced to Japan from China directly or via the Korean Peninsula in 35 B.C.

@ell, 1982).

In Europe, rapeseed cultivation dates back to the 13th ccntury, when it was

mainly confined to the Netherlands where it was grown for land reclamations from the

sea (Appbqvist and Olhson, 1972). The crop was introduced to England in the 16th

cÊnfi¡ry for the same purpose probably by Dutch ship builders. In England rapeseed

cultivation increased tn, 1752 due to a Parliamentary bill which emphasized malcing oil

out of locally grown seeds equal to foreþ oils @unting, 1986). Rapeseed cultivation

qpread to other European countries in the 18th cennrry, especially those where olive oil

and poppy seed trees were not grown. It was from this period that rapeseed oil became
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the most important lanrp oil in Europe until the end of the 19th century when cultivation

declined due to the discovery of mineral oils. However, this was also the time when

rapeseed production was spreading eastwards into Swiøerland, Poland and V/estern

Russia and northwards into the Scandinavian countries of Denmark and Sweden, where

production continued well up to the end of the 19th century. In Western Europe,

production started again during the first world war due to blockades on industrial oil

imports and the increased demand for edible oils during the hostilities. This initiative

did not last long as there was a decrease in rapeseed production after the war and most

of the oil demand was being met by cheap imports from the colonies in Africa and Asia.

Production increased again in the early 1940s when imports could not reach

Europe with the start of the second world war. After the world war II, Sweden was the

frst nation to establish a guaranteed price system on locally grown rapeseed oil to boost

domestic production and avoid future shortages as was experienced during the war.

Other nations adopted the guaranteed price scheme, though in the early 1960s, the

European rapeseed industry could not compeæ with cheap Canadian imports. In 1960

the forrration of the EEC and its support policy of promoting local agricultr¡ral crops

saved the oil industry from collapsing. Since then, the European rapeseed industry has

been on the increase up to the present.

In Canada, rapeseed cultivation started in 1936 when a Polish farmer at

Shellbrook, Saskatchewan received seeds of Brassica rapa froma contact in Poland (Bell,

1982). These seeds became the resource material for yield and establishment trials by

the Canadian Deparfrnent of Agriculnrre. In 1942, seeds of Brassica rapus from
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Argentina were introduced through the USA to Saskarchewan farmers who grew the crop

on contract (W'hiæ, 1979). For a long time, the ¡vo types of rapeseed were grown and

came to be known as Polish arñ Argentine rape, respectively (Bell, t982). The original

interest in rapeseed production was centred on its high oil content and the unique

property of sticking to steaûr and marine engines (Bell, 1982).

The increase in demand for industrial and human consumption created by war

blockades led to increased local supply of rapeseed oil. But after the war, there was a

decrease in the demand of industrial oil and there were concerns regarding the use of

rapeseed oil for human consumption due to high erucic acid content which was

considered a health lnzard by the Food and Drug Directorate of the Department of

National Health. rWhile most of the oil was being exported to European markets, the

limitations on erucic acid provided a motivation for the search of rapeseed strains with

lower erucic acid content in their oil. Many cultivars were developed through plant

breeding, and in L970 a decision was made to change from growing high erucic acid

varieties to low erucic acid varieties.

In parallel with expanded use of rapeseed oil on the domestic market, there was

an urgent need to increase the use of rapeseed meal for animal feeding to make the crop

more competitive (Bell and Wetter, 1979). But feeding of rapeseed meal to livestock and

poultry rezulted in thyroid disorders and was also associated wittr reduced feed intake and

poor animal performance. This lack of response from rapeseed feeding set a stage for

ñ¡ture resea¡ch on meal improvement techniques. But progress on meal utilization was

limited for many years by lack of analytical and appropriate processing techniques (Bell
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and Wetter, 1979). With the analytical procedure developed by the Prairie Regional

Laboratory, it was learnt that glucosinolates, which yield toxic and goitrogenic products

upon hydrolysis, were the main factor limiting rapeseed meal utilization in swine and

poultry. The break through came in the late 1960s when a variety "Bronowski" from

Poland was found to contain only one seventh of glucosinolates normally present in

rapeseed cultivars. This led to the development of low erucic acid and low glucosinolate

varieties. By 1980, most of the rapeseed varieties grown in Canada were low erucic

acid and low glucosinolate (double zero) cultivars. These were patented in 1981 under

the name "canola" to differentiate them from the original rapeseed varieties.

2.I.2. Adaptation and Distribution

All current canola oil and meal producing varieties belong to the genus Brassica

in the family of Cruciferae. Other members of the family and their cytogenetic

relationships are presented in Fig. 1. The relationships have been verified by both

chemotaxonomy and anificial hybridization of amphidiploids (Dass and Nybom, L967).

Brassica species appear to have evolved from a now extinct common ancestor in the

Himalayan region (Hedge, tg76), though nearly all species seem to have secondary

centres of origin and appear to have developed at different times wherever parental

species coexisted. Due to natural selection and/or perhaps crossbreeding over several

hundreds of years, the Brassica species have subdivided into different subspecies, forms

and varieties or cultivars (Downey, 1983). Turnip rape (Brassica rapa :campestris) is

the most variable and widely distributed of all the Brassica species (Thompson and



ss
S. a¡rcr¡sÍs

n --9

Abyssinian Must¡rd

Cebbase K¡le,
Cculiflowcr& Broc¡oti

W¡ld M¡¡st¡rd

Brorm, Orient¡l
& Iæef Must¡rd

(

BlackMustard

WhttcMustsrd

Tlüalprap€, I\lolp,
S¡rson & Tori¡

BB
B. nÍga
n=t

DD
S. aItu
n =12

cc
B. olcncæ

n=9 AA
B. rry
n=10

Repe & Rutobage



9

Hughes, 1986). Its secondary centres of diversþ range from the Atlantic Islands in the

West to the shores of China and Korea in the East and from Norway in Northern Europe

to Northern India in the South. The origin of Brassíca napus is somehow obscure and

it appears that the species have evolved at a much latter date; most probably in the

Mediterranean region where the parental species of B. rapa and B. oleracae occurred

together (Thompson and Hughes, 1986). The origins of B. juncea has also not been

established with certainty, though most studies point to the Middle East as its secondary

centre of diversþ where B. rapa and B. nigra existed in proximity.

Because of their ability to survive and grow under relatively cold conditions,

canola/rapeseed crops are restricted to the temperate regions of Canada, Northern Europe

and the high altitude subtropical regions of China and the Indian subcontinent. As newly

adapted varieties get released each year, there is a potential for Australia, the United

States and perhaps South America to join the major rapeseed/canola producing regions

of the world (Downey and Röbbelen, 1989). In Canadian and European temperate

regions, B. rapus and 8. rapa are the predominant species grown whereas in China and

the Indian subcontinent B. rapa @rown and yellow Sarson) and B. juncea (Toria) are the

main species @unting, 1986). The Asian and European forms of B. rapa must have

separated early in their development as the two fonns differ significantly in their

morphology and chemical compositions. Both European and Canadian B. rutpus and B.

rapa varieties yield oil and meal of simila¡ charaeteristics with each having spring and

winter grown forms. In both cases, winter cultivars out yield spring ones by

approximately 20%. There are also variations in seed yield benveen B. rapa and B.
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napus varieties with the latter out yielding the former by approximately 2O% and its

seeds having more oil and protein.

Brassica caritwta or Ethiopian mustard is yet to be incorporaæd into canola

quality varieties and its production is still confined to its region of origin in North

Eastern Africa in the Abyssinian highlands @unting, 1986). It should be poinæd out,

however, that its superior agronomic characteristics and resistance to pests and diseases

has attracted attention in many current canola breeding programs. Brassica juncea forms

are mostly grown in China and the Indian subcontinent though the recent increase in

rapeseed production in Asia is mostly attributed to expanded use of B. nnpus varieties.

In Canada and the United Kingdom, there has been an ongoing small scale cultivation

of B. iuncea varieties for commercial production of condiment mustard (Downey and

Röbbelen, 1989). In recent years, B. juncea varieties have been undergoing trials for

canola oilseed production in Canada, Australia and the United States (Shahidi, 1990b).

2,2. COMMERCIAL CRUSHING OF CANOLA SEED

In Canada, the seed that is destined for processing is either obtained directly from

the farm or indirectly from primary grain elevators via the Canadian Grain Commission.

Seeds of B. rapus and B. rapa, the most common canola species grown, and since the

two species yield oil and meal of similar quality characteristics @each, 1983; Downey,

1983), the seed is usually mixed on delivery and is progessûd as such.
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2.2.1. Seed Cteaning

The first step in canola processing is cleaning of the seed from any docking

materials such as sticks, leaves, stones, chaff and cereal grains @each, 1983; Unger,

1990). Metallic fragments in the seed are removed by passing the seed though a series

of magnetic steel bars (Ca¡r, 1939). The seed is then passed through a series of screens

to remove undersized and oversized seeds with air aspiration being employed through out

to remove dust particles @rogan, 1986).

2.2.2. Seed Flaking

The cleaned seed, which usually contains less than 2.5% dockage, is flaked by

passing through a series of roller mills adjusted to a narrow clearance of 0.2-0.3 nrm to

physically rapture the seed coat and some of the oil containing cells (Pickard, 1993).

In Canada, where the canola seed is usually stored under freezing conditions, the seed

must first be pre-conditioned to flaking by heating at 3040oC indirectly or by direct hot

air applications (Unger, 1990). Pre-conditioning of the seed is a pre-requisite for proper

flake formation, screw pressing, cake formation, oil extraction and subsequent solvent

removal from the oil extracted meal.

2.2.3. Cooking

The flaked seed is passed on into a series of closed cylindrical kettles stacked one

on top of the other with each having a sweep type handle device for continuous mixing
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of the flakes while cooking @ickard, 1993). The cooking temperatures in the cooker are

usually adjusted to reach 85-90"C at the top kettle. Residence times tend to vary from

plant to plant, but generally they range from 30 to 60 minuæs and moisture content is

adjusted to fall within 6 to l0%. These cooking conditions are required to increase oil

coalescing and fluidity and to rapture the remaining oil cells in order to facilitate oil

extraction @each, 1983; Unger, 1990).

2.2.4. Screw Pressing

After cooking, the cake is conveyed on to the expeller for screw pressing in

rotating screw shafts contained in cylindrical barrels. The pressure in the barrel is

developed by rotating screws working against the adjustable choke which is constricted

to discharge the cake from one end of the barrel. As the oil is expelled from the cake,

it passes through the slots of the barrel cages to be collected for screening and filtration.

Upon oil filtering, the remaining residue (foots) are collected to be recycled back to the

cooker/conditioner or may be repressed in a foots press expeller, which is a special

version of the main screw press @each, 1983). The pre-pressed cake containing L4-20%

residual oil is conveyed to the extruder where it is stea¡n heated and mixed by breaker

screws as it is forced against small die openings at the end of the plate @ickard, L993).

As the cake is passed through the openings, the sudden release in pressure, expands the

meal to form a series of rope-like segments which are ideal for solvent extraction.
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2.2.5. Solvent Extraction

The cooked and extn¡ded meal is placed into a mechanical oil extractor where

hexane heaæd to 50 - 60'C is passed in a repeated counter-current process to extract oil

from the meal. When oil concentration in the solvent is increased to about 30%, the

"marc" as the oil-hexane mixture is called, is taken to the distitlation unit for oil refining.

2.2.6. Desolventizing

The oil extracted meal containing 1.0 to L.5% residual oil is transferred to the

desolventizer and toaster unit where the hexane is removed from the meal by direct steam

application (Unger, 1990). The added ste¿rm provides heat to vaporize the solvent while

condensing to replace the liquid solvent in the meal. The applied heat raises the

temperature in the desolventizer to 103-107oC and moisture content to 15 - lS%. In

processing plants with canola oil refining, gums and/or acidulated soap stocks from the

oil refinery may be added to the meal at this stage. The desolventized meal is toasted

on heated metal plates before being granulated and moisture adjusted to about l0%. Tt;re

meal is then packaged for storage or shipping, though a small portion destined for the

export market may be pelleted for easy handling.
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2.3. QUALITY CHARACTERTSTTCS OF CANOLA MEAL

2.3.1 Chemical Composition

The value of CM as a protein supplement for livestock and poultry has increased

considerably in the last few years mostly as a result of reduced meal glucosinolate levels

@ell, 1993b). The nutritional composition of canola meal in comparison to that of

soybean meal is presented in Table 1. The main components include crude protein,

carbohydraæs (zucrose, oligosaccharides and starch), dietary fibre, ether extract and

minerals (Downey and Bell, 1990). On comparative basis, soybean meal contairrs more

protein and tn¡e metabolizable energy than canola meal. On the other hand, CM ænds

to have more dietary fibre, minerals and ether extract than soybean meal. The high fibre

content in CM is mostly attributed to the smaller seed size with the proportion oi hullr,

the main source of canola fibre, to be substantialty higher than that of SBM. Canola

meal also contains more lignin and associated poþhenols in its dieary fibre fraction.

Sta¡ch oontent in rapeseed/canola varies from al¡nost 50% during earty seed

development to about 2-3% at harvest as most of it is converted into canola oil. The

amount of ether extract in CM depends on the extent of canola oil extraction and the

amount of gums added back to the meal during canola processing. This is the main

reason for the higher ether extract levels in CM as compared to soybean meal. The

gums a¡e obtained from canola oil refining and are composed of phospholipids,

glycolipids and variable amounts of triglycerides, sterols and free fatty acids @ell, 1934).
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TABLE 1. Chemical composition of canola and soybean meals (Vo as fed basis).

Componentr Canola meal Soybean meal

Protein

Sugars

Starch

Sucrose

Oligosaccharides

Fat

Ash

Dietary fibre

Non-starch polysaccharides

Lignin and polyphenols

Glucosinolates

Sinapine

Phyøte

Tannins

40.2

2.5

7.7

2.5

4.1

8.1

50.7

0.7

6.9

5.3

0.9

6.5

20.3

'1.0

1.6

t7.9

8.0

0.8

1.0

2.9

2.4

Toal 98.1 93.9

t Source: Adapæd from Clandinin ¿¡ at., 1989 and University of Manitoba daa.
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Gums assist in increasing the meal metabolizable energy, palatability and reducing its

dustiness. Canola meal is also a better source of many minerals (calcium, iron,

manganese, phosphorus, selenium) (Nwokolo et al., 1976). However, the availability

of most minerals in CM is less than that of soybean meat (Nwokolo and Bragg, L977;).

The reduced availability of minerals is mostly auributed to high dietary fibre and phytic

acid contents in CM. The mineral content in various samples of CM ænd to be

influenced by regional and climatic growing conditions in addition to soil fertility and

fertilizer applications (Bell and Keith, 1991). Canola meal is a betær sor¡rce of mosr

B-complex vitamins (choline, biotin, folic acid, niacin, riboflavin, and thiamine) than

soybean meal (Bell, 1984; Clandinin et al., 1989). There are no problems associated

with vitamins in CM, exc€pt for choline which has been associated with the development

of fishy flavours in some strains of brownegg laying hens (Hobson-Frohock et al., L975;

1977).

2.3.2. Protein and Amino Acids

There appear to be variations in CM protein content of samples derived from

different locations and processing plants in \üestern Canada. Most of the variations have

been auributed to the cultivars grown and the processing conditions applied by different

plans (Br'llet a1.,1991). Differences due to environmenal growing conditions have also

been associated with observed year to year variations in CM proæin and amino acid

compositions (Besæ et aI., L992). However, on comparative basis, va¡iations among

CM samples tend to be relatively lower than those of other protein zupplements @eggusa



L7

Study, L992). The amino acid content in CM is lower than that of soybean meal, which

is more a reflection of differences in crude protein content rather than protein quality.

This becomes apparent when the amino acid content of the two meals are compared on

crude protein basis. Under such conditions, the amino acid composition of canola meal

is very similar to that of soybean meal, with the only notable differences being in the

content of lysine and the sulphur amino acids which are higher and lower ttnn in

soybean, respectively (Clandinin et al., 1981; 1986). Because of these differences, the

two meals ænd to complement each other when used together in poultry and swine

rations @ell, 1984).

The quality of any protein supplement does not only depend on proæin and

ami¡o acid composition of the meal but more so on their dþstibility and subsequent

utilization in farm enimals. Table 2. gives the amount of available protein and amino

acids in different canola meal samples in comparison to that of soybean meal. Crude

protein digestibility is lower inbrown- and yellow-seeded canola as compared to dehu[ed

canola meal and soybean meal. Thus, dehulling of canola meal brings the digestibility

of canola protein closer to that of soybean meal @ell, 1993b). The amino acid

availabilities are lowest in the brown commercial meal. The total amino acid

availabilities in the yellow-seeded canola are relatively similar to that of the dehulled

meal and that of soybean meal. It appears that dehulling of canola seed or changing to

yellow-seeded varieties has an imFroving effect on meal quality. It has also been

demonstraæd tbat the processing conditions have significant effects on protein and amino

acid availability. Although heat treafrent is required to facilitate oil extraction and
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TABLE 2. Protein and amino acids availability of different canola meals and
soybean meal in poultry (7o of toral in the meal).

Component Commercialr Dehulledr Yellow-seeded2 Soybeanmeal2

Protein

Amino acids

Aspartic acid

Threonine

Serine

Glutamic acid

Alanine

Valine

Isoleucine

Iæucine

Tyrosine

Phenylalanine

Lysine

Arginine

Cystine

Methionine

73.4 82.3 74.1 84.5

90.2

87.8

91.1

92.4

87.2

88.8

89.8

89.8

89.2

90.0

87.5

85.2

80.5

9s.6

81.1

75.2

76.2

84.2

81.9

78.6

79.7

82.1

7s.0

82.2

76.9

81..2

73.4

94.5

85.8

83.6

85.0

90.4

86.6

85.7

86.4

87.6

84.8

88.4

81.4

84.3

88.1

95.0

83.4

83.4

85.5

92.8

84.5

82.9

89.8

87.4

89.2

90.0

88.4

79.3

80.5

87.7

Total 80.2 85.9 87.9 88.9

Source: LZupnzal et a1.,1991b; 2 University of Manitoba data.
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removal of solvent from the meal, an excess or prolonged heat have negative effects on

canola protein and amino acids. Excess heat may lead to the formation of Maillard

reaction products which are indicative of protein damage. Protein damage results in

reduced availability of amino acids as was demonstrated for canola (Anderson-Herfamann

et aL.,1993) and soybean (Parsons et al.,L99L;1992) meals. Apparently, there are two

types of protein damage. The first one results in some form of protein binding such that

the amino acids are not liberated in vivo or by enzyme hydrolysis in vítro but are

liberated by acid hydrolysis (Youngs et al., L972). In the second instance, the amino

acids are irreversibly bound in such a way that tlrey cannot be recovered even by acid

hydrolysis. The exænt of heat damage depends on temperature, time, moish¡re content

and reducing sugar content. The most susceptible amino acid is lysine which suffers both

a reduction in content and availability of the remaining fraction (Jensen et al.,:tggS).

Apart from arginine and cystine, which may be affected to a limited extent, excess heat

appears to be of little effect on the content and availability of other amino acids (Cave,

1988).

2.3.3. Metabolizable Energr

The economic value of canola meal is influenced to a great extent by its

metabolizable energy content. The amount of metabolizable energy in the meal is

dictated by many factors including type of seed being processed, processing conditions,

species, age and tlpe of animals being fed. In diet formulation, apparent metabolizable

energy (AlvIEn) is uzually used for growing chickens, while true metabolizable energy
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(TMEn), determined with adult roosters, is preferred for laying hens (Bell, I993a).

These values range from 7.41 to 10.90 Mj kg-t (AMEn) and from 8.60 to 9.51 Mj kg-t

(TMEn) for broiler chickens and laying hens, respectively, and correspond well with

European data for low glucosinolate rapeseed meal @ell, 1993a). In swine, the available

energy is often deterrrined by its digestibility at ileal or faecal levels (Sauer et a|.,1989)

and is reported to range from 69 to 72Vo of the total energy content (Bell et at., t99t

Bell and Keith, 1989; Bourdon and Aumaitre, 1990). As in poultry, the digestible

energy tends to be influenced by age and weight of the animal and, on average, increases

by about 0.2% units per kg increase in animal body weight @ell and Keith, 1988).

Apparently, changing from rapeseed to canola improved the utilization of energy mainly

as a result of reduced toxicity of glucosinolates. The metabolizable energy content in

CM is still less than that of soybean meal (Mutzar and Slinger, 1980).

2.3.4. Low-molecular Weight Carbohydrates

Among the major energy sources in rapeseed/canola meals are the low-molecular

weight carbohydrates which account for approximately $-tO% of dry matter (Bach

Knudsen, 1994; Slominski et al., 1994). The low molecular weight carbohydrates

(LMWC) in canola/rapeseed meal are subdivided into 3 groups with the neurral sugars

(ie., glucose, fntctose, sucrose, raffinose, stachyose) constin¡ting the largest group

(Theander and Åman,1976). The alcohol sugar components (galactinol, digalactosyl and

myo-inositol) make up the second group and galactoglycerol which is derived from

phospholipids the third and smallestgroup (Siddiqui et a1.,1973). The alcohol sugar
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components function more as intermediaæ biosynthetic precursors than energy reserves.

There appears to be substantial variation among CM samples in the content of

LMWC (3 to 15Vo) most of which is attribuæd to method of analysis and/or growing

or processing conditions of processed seed (Rao and Clandir.r:ur', t972). The LMWC

content may also be influenced by seed-coat colour as yellow-seeded varieties ænd to

have more sucrose (9.8 vs 7.7%) than brown-seeded varieties. Since LMV/C tend to be

lower in heat processed than in unheated oil extracæd meals, it seems possible that

processing temperature may have a destructive effect on such carbohydrates as sucrose

or oligosaccharides. Dehulling of the seed results in increased content of simple sugars

as a result of removing the diluting effect of the hulls (Theander and Äman, L974;

Theander et al., 1977).

Vfhile sucrose is readily digested by sucrase errzyme, the oligosaccharides

(raffinose, stachyose and verbascose) escape digestion in the small intestine and are

fermenæd by anaerobic bacteria of the lower gut to produce short-chain fatty acids

(SCFA) and flatulent gases (carbon dioxide, methane and hydrogen) (Rackis, 1975). The

SCFA yield less energy than would be derived from the digestion of monosaccharides

and the flatulent gases tend to cause discomfort and increase rate of feed passage through

the gut which results in reduced digestibility of energy as was demonstrated for soybean

meal (Coon et al., 1990; Iæske et aI., \gg3). Alcohol extraction of soybean meal

reduced the level of LMWC in the meal by about 97.5 % arñ increased the digestibility

of non-sta¡ch polysaccharides and TMEn.
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2.3.5. Dietary Fibre

Dietary fibre is among the most important factors limiting unrestricted use of CM

in rations for poultry and other rapidly growing monogastric animals (Sarwar et al.,

1981; Bell and Shires, 1982). Canola meal contains approximately 30% of dietary fibre.

The fibre components include lignin with associated polyphenols, non-starch

polysaccharides, cell wall protein (glycoprotein) and minerals associated with the fibre

components (Table 3). Non-starch polysaccharides are composed of rhamnose, fucose,

arabinose, xylose, mannose, galactose, glucose and galacturonic and glucuronic acids.

The major component sugar is glucose, which was shown to originate mainly (87%)

from cellulose (Slominski and Camptell, 1990). High concentration of uronic acid

residues suggests that pectic substances are the major non-cellulosic polysaccharides

present in CM. Pectic polysaccharides are characterized by having arabinogalactan and

rhamnogalacturonan chains, both of which contain arabinose, galactose, rhamnose and

xylose units covalently linked to the galacturonan side chains. Arabinose, galactose and

xylose units found in canola could also be derived from the arabinans, arabinogalactans,

xylans and xyloglucans not associated with pectic polysaccharides (Siddiqui and Wood,

1974;1977):

The fibre components of CM are not digested in the small intestine of poulüry but

are degraded to some degree by the microflora of the lower gut. Microbial ferrrentation

generates some short-chain fatty acids (SCFA) but the contribution in net energy to the

host animal is minimal since NSP digestibility in poultry is very low Q.3%) (Slominski
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TABLE 3. Dietary fibre composition of different canola meal samples as compared to
that of soybean meal (% DM).

TreaEnent meal samples

Component
Brown

commercial
meal

Yellow
commercial

meal

Yellow Soybean
dehulled dehulled
meal meal

Brown
dehulled

meal

3.54 5.16

Non-starch polysaccharides (mg gt meal)

Rha¡nnose 1.94

Lignin

Ash

Proæin

Mannose

Galactose

Glucose

Uronic acids

Total NSP (%)

Fucose 2.21

Arabinose 46.7s

Xylose 20.01

7.98

3.58

4.50

18.05

65.01

51.24

19.37

5.87

1.56

1.40

2.34

4.45

\9.07

3.70

15.L2

55.14

38.76

17.99

4.59

1.02

3.90

2.62

2.62

47.58

2t.24

4.66

19.23

74.69

64.18

23.68

3.65

0.60

2.30

t.&

2.90

47.39

22.82

4.27

18.67

66.U

50.82

2t.46

1.38

0.43

1.44

L.62

3.61

25.80

10.90

7.18

49.23

3r.&

30.65

16.06

Total fftre (Vo) 34.47 30.58 33.19 28.01 19.31

Source: University of Manitoba unpublished data.
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and Campbell, 1990). Iow digestibility of dietary fibre also impairs nurrient digestion

due to encapsulating effect of the cell walls.

2.3.6. Glucosinolates

Despite recent reductions in glucosinolate content through plant breeding, the

glucosinolates are still the main factor limiting CM utilization in swine and poultry diets

@ell, 1984; 1993a; Fenwick and Heaney, 1983; Shahidi, 1990a). Glucosinolares are a

group of structurally related sulphur containing substances that are characterized by a

coÍlmon R-group in the side chain and yield a range of aglucone and sulphur containing

compounds upon hydrolysis. To date, more than 100 glucosinolates have been isolated

from rapeseed and other cruciferous crops and nearly all of them have been associated

with specific flavours and anti-nutritive or toxic effects in animals (Bjerg et a1i,.,1989).

Canola cultivars contain only 10 to L2% of the original 110-150 pmoles g'r meal of

aliphatic glucosinolates found in earlier rapeseed varieties (Bell, 1984). With the

exception of laying hens and young growing animals, the change over to canola varieties

resulted in increased usage of CM in animal feeds (Campbell, 1987; 1988), and the

recent development of ultra-low glucosinolate varieties offers a potential for further

increase of CM in swine and poultry rations @ell er at., t99L). It should be poinæd

out that although the major reductions in glucosirrolate content occurred with the change

over to canola, the reduction was not consistent with all the glucosinolates. This is

because the original methods of analysis emphasized aliphatic glucosinolates with little

regard for the indole glucosinolates, despite the fact that these make up to almost half of
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the total glucosinolates found in canola (Slominski and Campbell, 1987; McGregor,

L978; Thies, 1977). Because of this discrepancy, genetic selections to reduce

glucosinolate levels in rapeseed did not include the indole glucosinolates.

Canola/rapeseed contains four main aliphatic (alkenyl) glucosinolates including

gluconapin (3-butenyl-), glucobrassicanapin (4-pentenyl-), progoirin (2-Ofi-3-butenyl)

and napoleiferin (2-OE-4-pentenyl-) (Table 4). In the presence of moisture and following

rapture of the cells the glucosinolates are hydrolysed by myrosinase to yield a range of

products including isothiocyanates, goitrin (oxazolidinethione) and nitriles (Bell, IgB4).

In addition to myrosinase catalyzed reaction, thermal degradation during canola seed

processing and microbial fermentation in the lower gut of monogastric animals are two

additional means of glucosinolaæ hydrolysis. Therefore, the anti-nutritive effects of

glucosinolates depend on the nature and concentration of hydrolysis products. The

pungency of isothiocyanates, antithyroid activity and bitterness of goitrin or a,

combination of their deleterious properties are usually responsible for reduced feed intake

and poor performance of monogastric animals fed high glucosinolate rapeseed meal.

Studies on the nitrile 1-cyano-3-hydroxybutene, the major thermal degradation product

of progoitrin, have not confirmed a common perception with regard to its toxic character

@apas et al., t979; Slominski et al., 1983).
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TABLE 4. Glucosinolates content of rapeseed and canola meal samples (¡rmoles g-t of
oil extracted meal).

Glucosinolate

Canola meal

Rapeseed meal Standard Ultra low

Aliphatics

Gluconapin

Glucobrassicanapin

Progoitrin

Gluconapoleiferin

Indoles

Glucobrassicin

Hydroxyglucobrassicin

Contaminants

Glucosinalbin

21.4

5.9

73.3

4.6

3.1

0.4

6.4

0.7

2.8

0.2

Trace

0.6

Trace

0.1

t.4

0.2

2.5

0.3

2.7

2.33.0

Total - ¡rmol g'r
'Vo

ttl.2
4.9

15.6
0.7

4.6
0.2

Source: Slominski, t993.
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Hydroxyglucobrassicin (4-hydroxy-3-indolylmethyl) and glucobrassicin (3-

indolylmethyl) are tlre two indole glucosinolates found in rapeseed and canola meals

(Slominski and Campbell, 1988; Tookey et al., 1980). In the presence of moisrure the

indoles are hydrolysed by myrosinase to indolemethanols and thiocyanate ion (SCN).

Both indole glucosinolates are markedly susceptible to thermal degradation with

indolemethanols, SCN and indoleacetonitriles being among the major degradation

products (Slominski and Campbell, 1987, 1989). When fed ro poulrry and rats the

indoleacetonitriles and SCN had no effect on performance or target organ weights with

normal levels of glutathione in the liver and selected enzymes and nitrogen constituents

in the blood (Slominski and Campbell, 1991b). Indole glucosinolates a¡e said to have

beneficial effects when used in hr¡man and animal dies including inhibition of chemically

induced carcinogenesis and stimulation of enzymes involved in cellular detoxification

reactions (Warenberg and l¡ub, 1982). There are some reports indicating reduc¿d feed

inake and overall performance of laboratory animals fe.d large quantities of indole

glucosinolaæs (Daroch et al., l99t1' Da¡roch and Bell, 1991). Some negative effect

of 4-hydroxyglucobrassicin degradation products on protein quahty \ilas reported by

Jensen et al. (1991). In the lauer case, however, the production of degradation products

from pure 4-hydroxyglucobrassicin was performed at 140"C which is rather unusual for

processing of canola seed and might bave resulæd in the formation of a variety of

unknown breakdown products.

Total glucosinolate content in CM may also be influenced by weed seed

contamination. The presence of contaminating seed is exhibited by sinigrin (altyl-) and
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glucosinalbin (hydroxy benzyl-) glucosinolates derived from wild musrard (Sirapß

arvensis) and stink weed' (Thlaspi aruense) or brown mustard (8. juncea) seeds (Bell and

Keith, 1991). It is currently not possible to separate contaminating seeds from canola

during processing and their presence in the meal is more a reflection of farm weed

control efficiency than inadequate seed cleaning. The presence of conta¡ninating seeds

is widespread and levels of up to 5% contamination have been reported (Bell et al.,

1991). Destruction of sinigrin during canola processing has been reported but the content

of glucosinalbin remains unchanged even at extreme temperatures (BeIl and Keith, 1991).

Both allyl and hydroxy benzyl glucosinolaûes have been suggested to affect thyroid

function (Ianger and Stolc, L965;Bell et at., 1987) and patatabilþ of CM based rarions.

Feeding of isolated glucosinalbin to laying hens, however, showed no negative effect on

feed intake and egg production at the level corresponding or exceeding that found in

commercial CM (Slominski and Campbell, 1991b).

Various approaches have been undertaken in order to reduce toxic effects of

glucosinolates. Some adverse effects associated with the small aÍrounts of glucosinolates

still present in CM may be minimized by proper processing or the use of various

detoxification methods (Fenwick and Curtis, 19S0). The most common physical method

employed in comrnercial crushing operation involves inactivation of myrosinase by moist

heat treament of the meal at 105-107"C. Glucosinolates may also be eliminated from

the meal by ammoniation. Ktrk et al., (1966) used ammonia to reduce the concentration

of epigroitin and sinapine which resulted i¡ imFroved palatabilrty and nutritional quality

of crambe meal. Coxworth and McGregor (1980) reported an almost complete removal
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of strong flavour from mustard seed after ammoniation, though a combination of steam

and ammonia treaünent removed only half of the glucosinolates contained in meal and

did not have any significant effect in promoting chick growth (Keith and Bell, IggZ).

Effective removal of glucosinolaæs by alcohol ammonia solutions was achieved only

when methanol was used (Shahidi, 1991). So far research has shown that the most

promising method of removing glucosinolaæs from the meal is through breeding for very

low (ultra-low) glucosinolate varieties (Bell er at., lggl; sorensen, 19g5; 1990).

2,3.7. Sinapine

The main phenolic compounds found in canola include sinapine and tannins

(Fenwick et al., 1984). Sinapine is a choline ester of sinapic acid and accounts for 0.6-

1.8 % of the meal (Buttler et al., 1982). Apart from the biner rasre which may limit

feed intake when consumed in large amounts, the most cornmon negative effect of

sinapine is the production of a fishy taint in brown-shelled eggs. It has been found that

the taint is due to the presence of trimethylamine (TMA) in the yolk which results from

a genetic defect among certain strains of laying hens. Under normal circumstances,

sinapine is hydrolysed to choline which is further broken down to TMA by enteric

bacteria. TMA is then converted to odourless nitrous oxide by liver or kidney TMA-

oxidase. In genetically defective birds (i.e. Rhode Island Red breeding), there is a

reduced ability to synthesize TMA-oxidase enzyme in its active form and the TMA

accumulaûes in the blood and passes on to the developing ova (Mueller et al, 1978).

Sinapine may be hydrolysed under alkaline conditions to ensure choline absorbtion from
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the upper part of the gastrointestinal tract of the bird (Tayaranian and Henkel, 1991).

However, the cost of such innovations and environmental regulations prohibit routine use

of alkaline hydrolysis and reductions through genetic selection of low sinapine containing

canola varieties seem to be far fetched at the moment. It appears the onty feasible way

of avoiding a fishy taint would be the elimination of the genetic defect by animal

breeding programs. This is justified by the fact that the TMA-oxidase defîciency is not

linked to the shell colour, as has sometimes been supposed, and it was found in Brown

Iæghorns whose eggs have white shell but was not present in a New Hampshire red

hybrid which lays brown eggs. Nevertheless, no taints or off flavours have been

reported in eggs of white egg laying hens and have not been detected in broiler carcasses

@utler and Fenwick, 1984).

2.3.8. lennins

Tannins account for 1.6-3.lVo of canola/rapeseed meal and are subdivided into

hydrolysable and condensed portions (Yapar and Clandin:ln., 1972). The condensed

tannins are mostly found in seed coat with the brown hulls containing more than the

yellow hulls @urkee et al., l97l; Theander et al., L977). In addirion to giving the

meal a dark unattractive colour, tannins form complexes with proteins and proteolytic

enzJmes in the gastrointestinal 6.rt, thereby affecting protein digestion (Naczk and

Shahidi, 1991). Astringency and bitter taste are additional negative effects associated

with high tannin contents in canola meal. Tannins have also been reported to bind other

enzymes but Mitaru et al. (1982; 1983) and Yapar and Cland inin (1972) failed ro
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demonstrate a-amylase binding by rapeseed taDnins. However, removal of tannins from

the meal significantly increased the metabolizable energy of the meal, probably due to

increased activities of endogenous enzymes. The hydrolysable tannins constitute most

of the cotyledonous phenolic acids and these have not been associated with any negative

effects.

2.3,9. Phytic acid

Phytic acid lntyo-inositol 1,2,3,514,6-Hexakis (dihydrogen phosphate)] accounts

for 3'6% of CM dry matter and is mostly found in the seed embryo. Phytic acid is the

storage form of about 80-87% of L.27o phosphorus found in canola meal (March, 1991).

Phytic acid plays a protective role against oxidative damage and fungal pathogens during

seed storage but forms insoluble complexes with proæins and a number of minerals to

render them biologically unavailable (Mills and Chong, t977). In addition to binding

to dietary proteins, phytic acid also forms complexes with digestive enzymes thereby

reducing the availability of proteins and amino acids (Lott, 1985; Thompson, 1990).

Efforts are currently underway to reduce the negative effects of phytic acids through the

use of phytase enzyme in swine and poultry diets (simmons et al., 1990).
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2.4. IMPROVEMENTS TO TIIE NUTRITTVE VALI.JE OF CANOLA MEAL

2.4.1. Breeding for yellow_seeded canola

Selection for the yellow seed coat colour is among recent approaches undertaken

in an attempt to reduce the fibre content, increase the protein content and to improve

nutrient utilization. Interest in yellow-seeded characæristic began when Jonsson and

Bengtsson (1970) noticed differences in oil and protein contents between yellow- and

brown-seeded types of rapeseed. This was confîrmed later by Stringam et al., (1974)

who reported thirurer hulls and larger oil and protein containing embryos in yellow-

seeded as opposed to brown-seeded rapeseed. Since seed coats are the main source of

dietary fibre, it was concluded that yellow-seeded rapeseed should have less fibre than

brown-seeded type (Finlayson,1974; Theander et al., 1977). It was also established

that the content of polysaccharides and lignin in the hull fraction were similar for both

tylles, though the polyphenols tended to be higher in the dark than in the yellow-hulled

seeds. With regard to consumer perception, the yellow-seeded characæristic had another

advantage in that the meal from yellow-seeded type was lighter and more attractive

(Theander et al., t977). On the basis of these results indicating a negative effect of

brown hulls on protein and energy digestibilþ (Sarwar et al., 1981; Bell and Shires,

L982), it was suggested that selection for yellow-seeded characteristic would likely

improve the nutritive value of the meal.

In more recent years, the value of yellow seed canola/rapeseed has been

exænsively evaluated to exploit any potential positive characteristics associated wittr the
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yellow seed coat colour. Working with partially and fully yeltow-seeded samples,

Slominski et al. (L994a) established that yellow-seeded canola is composed of 8-107o

sucrose, 2-3% oligosaccharides and 27% dietary fïbre. The sucrose content was

positively correlated with the percentage of yellow seeds in the samples and was 3 to 4

percentage points higher in fully yellow-seeded as opposed to brown-seeded samples.

The fibre profiles of brown- and yellow-seeded canola differed considerably with the

latter showing 2, 2 and,34 fold lower concentration of cell wall proûein, lignin with

associated polyphenols and minerals, respectively. Non-starch polysaccharide (NSP)

values, however, tended to be higher for yellow-seeded canola (22 vs tS%). In addition,

the meal derived from yellow-seeded canola showed a higher content of water-soluble

NSP and improved polysaccharide digestibility (9 vs3%). The total fibre coutent of the

two canola types, however, was only slightly lower in yellow-seeded canola thrr, Ùrown-

seeded canola Q7% vs 30%) due to increased NSP content at the expense of reduced

lignin and polyphenols. This was supported by the findings of Bell (1993a) who reporred

higher NDF content in the cotyledons from yellow- than brown-seeded canola and

concluded tfiat the beneficial effects of thinner hulls in yellow-seeded t)e has been offset

by increased fibre content in the seed embryos. Due to high solubility of NSP in neutral

detergent solution, however, yellow-seed canola was shown to contain only 19% NDF

which was much lower than the 26% NDF value recorded for the brown-seeded type

(Stominski and Campbeil, 1990). Comparative rezults were reported by Erilason et al.

(1994) and showed yellow-seeded varieties to have less dietary fibre due to lower Klason

lienin content.
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2.4.2. Dehulling of Canola Seed

Since the hulls are the main source of dietary fibre, one approach in reducing

nutrient diluting effect of flrbre and enhancing the nutritive value of canola meal is

through dehulling of the seed prior to or after oil extraction. Dehulling of rapeseed after

oil extraction by applying fine milling and air classification was employed in the 1970s

(Iæslie et al., !973; Bayley and Hill, 1975: Jones and Sibbald, !9t79; Sarwar et al.,

1981). Despite the increase in protein aud energy contents and their improved

digestibility, feeding of dehulled meals to growing chickens and pigs did not improve

growth rates and feed efficiencies. The lack of positive response was attributed to the

fine texture of the resulting meal and the increase in glucosinolate content which are

known to be present in the cotyledons at much higher concentration than in the hulls

(Röbbelen and Thies, 1980). Fine milling and air classification of rapeseed meal also

had short falls with regard to the efficiency of separating hulls from embryos and the

lack of an outlet market for the separated hulls (Downey and Bell, 1990).

Recentþ, dehulling was also employed to newly developed low glucosinolaæ

varieties @ell, t99L; Zupru;al et al., 1991a). As opposed to air classification and fine

milling, the recent technique was based on dehulling of the seed prior to oil extraction

and tended to increase the oil loses due to incomplete separation of cotyledons from the

hulls. Dehulling of brown-seeded canola increased protein and energy content from4}%

and 9.L23 Mjlkg to 47% and 12.000 Mj/kg, respectively @ell, 1991). Dehulling of

canola seed also increased the concentration of most amino acids except for lysine,

phenylalanine and tyrosine which were reduced in conte nt (Znprizal et al., 1991a) due
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to their association with the hull fraction (Finlayson, 1974; Sarwar et aI., 1981; Bell,

1991). It was concluded ttrat the reduced lysine content in dehulled meal should not

compromise the meal nutritive value since the lysine present in the hull fraction is likely

to be poorly utilized by animals (Finlayson, L974; Zupñzal et al., 1991b). The increase

in the amount of amino acids in dehulled canola meal did not equal that of 48% soybean

meal, except for methionine, threonine, glycine and cystine which were higher in canola

meal. The content of histidine and alanine were similar in both meals. Dehulling of the

seed also reduced the amount of crude fibre and acid detergent fibre by about 5O%,

though the meal still contained 26 and33% of fibre in a form of neutral detergent fibre

and total dietary fibre, respectively (Simbaya, L992).

Digestibility trials with growing swine showed the dehulled canola to have

increased amount of dþstible protein and metabolizable energy @ell, 1993a).

However, the positive effect of dehulling on feeding quality of canola meal in poultry and

swine still remains to be substantiaæd. In this regard, feeding of dehulted canola meal

to weanling and growing pigs rezulted in poor growth rates as a result of inferior energy

digestibility values (Christison and Bell, 1993). Also Bourdon and Aumaitre (1990)

reporæd inferior performance of pigs fed dehulled canola meals.

3.4.3. Use of Exogenous Enz¡mes

Another approach in improving the nutritive value of canola meal is through the

use of exogenous eDzymes. Enz5mes were used as early as the late 1950s and early

1960s to enhance protein and starch utilization in cereal-based non-ruminant diets (Jensen
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et al., L957; Fry et al., 1958; Burneff, 1962). Current interest in enzyme application

is related to the use of lower cost feedstuffs while maintaining high level of production.

It has been established that the increase in fat, starch, nitrogen and energy digestibilities

in enzyme supplemented diets is brought about by elimination of anti-nutritive properties

of viscous polysaccharides and by the release of nutrients encapsulated by the cell walls

(Moran, 1982; Hesselman and Ä,man, 1986; Pettersson and Aman,, 19g9; Bedford and

Classen, 1992). The main cell wall polysaccharides in cereal grains include pentosans

(arabinoxylans) in wheat, rye and triticale and the mixed-linked p-glucans in barley and

oats (Pettersson et al., 1990; Bedford and Classen,1992). Gel-forrring properties of

soluble polysaccharides reduce transit time of the digesta (Jenkin et al., t978) which

tends to cause satiety in birds and rezult in reduced feed intake and subsequent poor

performance @lackburn et al., 1984). Viscous conditions in the gut also increase the

thickness of the unstirred layer adjacent to the gut epithelium and thereby impend nutrient

absorption. Viscosity in the intestinal contents also causes wet and sticky litter in which

infections may be spread to cause detrimental effects on the growth of birds. Chemical

characterization of cell wall components appears necessary to select appropriate enzyme

preparations for specific cell wall polysaccharides in a given feedstuff. Based on dietary

fibre profiles of canola meal, Slominski and Campbell (1990) were able to increase the

invivo solubitization of cell wall polysaccharides from 3 to 37% by supplementing laying

hen diets with pectinase preparation. On the same basis, inclusion of cellulase and

hemicellulase enzymes in CM based broiler diets enhanced weight gain, feed

consumption, improved feed conversion ratios and increased apparent retention of
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minerals (Fe, Mn, Ca, and P) (Ward et al., 1991). The increase in mineral retention

may be associated with cell wall degradation and the release of additional nutrients

(Campbell and Bedford, 1992). Supplementation of CM based diets with protease,

however, did not have any effect on broiler chickens performance (Ward et aI., l99l)

as was also reported by Sebastian ef al. (L994) when SBM was supplemented with

protease preparations.

Another enzyme with the potential for application in CM based diets is a-

galactosidase (Chesson, 1993). The enzyme is required to hydrolyse the a-galactosides

raffinose, stachyose and verbascose to component sugars glucose, fructose and galactose.

The oligosaccharides are not digested in the small intestine of monogastric animals but

are degraded to some degree by the microflora of the lower gut (Cristofaro et aI., 1974

Rackis, 1975). The microbial fermentation of oligosaccharides generates short- chain

fatty acids but the contribution in net energy from SCFA is lower than from the direct

absorption of monosaccharides. Fermentation of galactooligosaccharides is also

associated with the production of flatulent gases such as carbon dioxide, hydrogen, and

methane which increase the rate of feed passage and result in reduced nutrient

digestibilþ. Removal of galactooligosaccharides by alcohol extraction has been reported

to increase transit time and to enhance non-starch polysaccharide and energy availabilities

in soybean meal (Leske et a1.,1991). Application of o-galactosidase for hydrolysis of

oligosaccharides in canola and soybean meal was demonstrated in vitro (Slominski , Igg4)

and in vivo (Slominski er al., 1994b) and showed the level of activity to be roo low to

lvarrant the use of current preparations of a-galactosidase in practical feeding.
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Another e¡rzyme with the potential to be included in the bulk of supplemental

enzymes for monogastric rations is phytase. Phytic acid is known to have complexing

effects on minerals (calcium, potassium, zinc and iron), dietary proteins and intestinal

enzymes like e-amylases, trypsin, tyrosine and pepsin (Nair et al., L99l; Caldwell,

!992). Application of phytase from Aspergillus ficum or níger either as a pretreatment

(Nair et al., 1991) or as a supplement (Simmons et aL.,1990; Newman, 1991) allows for

the formulation of a diet with reduced supplemental inorganic phosphorus. Phytase

application to a low phosphorus corn/soybean diet was shown to improve broiler

perforurance through the increase in weight gain and feed consumption (Sebastian et al.,

1994). In countries with strict environment regulation, phytase is used to increase phytic

phosphorus utilization to reduce the impact of excreted phosphorus on the envi¡onment

(Anon, 1991). It should be pointed out tt¡¿t at present the cost of production still restrict

a wide use of phytase preparation and it is hoped that if more economical methods of

manufacture are developed and the premiums are still tied to its use, more and more

farmers are likely going to adopt its use.

2.5. IN VITRO EVALUATION OF TEEDSTTJTE'S

Feed formulations for monogastric animals are based on chemical composition and

estimated digestibility values of individual nutrient constituents. Nutrient dþstibilities

are normally determined by conducting in vivo feeding trials which are often expensive
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and time consuming (Sauer et al., 1989; Boisen and Eggum, 1991). Animal digestibility

trials may have limitations due to sample size and availability of intact or surgically

modified animals which require large quantities of feed and long adaptation periods

(lowgren et al., 1993). To alleviaæ these problems, simple, rapid and accurate in vitro

techniques need to be developed for the study of digestion and prediction of nutrient

digestibilities in monogastric animals (Gratram et al., 1988; Iowgren et a|.,1989; 1993).

Even though development of such techniques may be purely dictaæd by time and

economical reasons, increasing public awareness on anima[ welfare and animal rights

issues will probably accelerate the search for such methods.

To date, a number of in vitro tecbniques have been developed atl of which involve

one- or two-step enzyrnîLtic digestion of the sample under simulaæd environment of the

gastoinæstinal tract. Pre-caecal digestion of proteins, carbohydrates and lipids is usually

estimated from consecutive incubation of feed samples with pepsin and pancreatin form

porcine stomach and pancreas, respectively (Savoie and Gauthier, 1936). Since in vitro

erizyme digestion is usually limited by end product inhibition, it is recommended ttrat

released products be continuously removed from the assay by use of dialysis membranes

or other chromatographic techniques (Mouron, 19731' Gauthier et al., L982). A semi-in

vivo æchnique involve the use of mobile nylon bag technique which allows for rapid

measurement of apparent nutrient dþstibility at either faecal or ileal levels (Dierick ¿r

al., 1985; Metz et al., 1985. The æchnique has some draw backs as it requires

cannulaæd animals and the results tend to be more variable rhan those obtained with

conventional digestibility techniques (Sauer et al., 19S9). Post c¿ecal dþstion of
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undigested protein and dietary fibre components can be further estimated by incubation

of the sample with ruminal or hind gut fluids (Faruya et al., L979). Even though these

methods have proven effective in ranking different feedstuffs, all have short comings oD

standardization and reproducibility within and among the laboratories. This is because

the ruminal and ileal fluids may contain the microorganisms producing often unwanted

or unexpected enzymes activities. To avoid such problems, industrial cell wall

degrading errzymes have been proposed as a better alternative. Multi-erizyme

preparations fuom Aspergillus species with a wide range of carbohydrases, have proved

reliable in degrading dietary fibre components of different feedstuffs @oisen and Eggum,

1991).
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3. MANUSCRIPT ONE

Quali8 Characteristics of Yellow-Seeded Brassica Seed Meals: Protein,

Carbohydrates and Dietary Fibre Components.
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ABSTRACT

A comprehensive evaluation of the nutritive profïles of the meals derived from 26

Brassica seed meals of yellow-seeded Brassica wtpus, B. rapa, B. junceaand B. carirata

genotlTes and 7 samples of conventional brown-seeded canola was undertaken. The

evaluation involved the analyses for sucrose, galactooligosaccharides, protein, total

dietary fibre, ash and residual fat. The fibre components determined included: non-

starch polysaccharides, lignin and polyphenols, cell wall protein and minerals. On

average, in comparison to brown-seeded, yellow-seeded types contained more sucrose

(8.7Vovs7.5%) andprotein (44.5%vs42.7%) butsimilaramounrsof oligosaccharides

(2.3% vs 2.5%), ash (6.9% vs 7 .ÙVo) and non-starch polysaccharides (20.4 vs 19.7Vo).

Dietary fibre averaged 28Vo for yellow-seeded samples (Mt\22%, Max 32%) and 33%

for brown-seeded samples Mrn 28%, Max 36%) and was negatively correlated (r=-

0.71) with protein content. I-ower dietary fibre content in yeltow-seeded samples as

compared to brown-seeded samples was reflected in a lower content of lignin with

associated polyphenols (4.3% vs 8.2%) and less wall-inserted protein (2.3% vs 3.3%)

and minerals (0.7% vs2.4%) associated with the fibre fraction. It may be surmised ttrat

future cultivars of yellow-seeded Brassica oilseed crops will have improved nutritive

value.

Key words: Brassica meal, protein, carbohydrates, dietary fibre, seed colour
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3.1. INTRODUCTION

It is generally agreed that canola meal could be more competitive in the market

place if it had more protein, more digestible energy and less dietary fibre (Bell, L993a).

The selection for yellow-seed coat colour, a characteristic related to low fibre content,

has been one of several approaches undertaken to improve the nutritive value of canola

meal. In addition to containing less fibre, seeds of yellow-seeded strains in comparison

to brown-seeded strains of Brassica rapa have been shown to be significantly higher in

oil and protein contents (Stringam et al., 1974). Thinner hulls were reported to be

directly responsible for the lower fibre content in yellow-seeded B. rapa. Specifically,

yellow hulls have been found to be low in ligdn (Theander et al., 1977) and cn¡de fibre

@aun and DeClercq, 1988) and have been shown to contain less neutral deærgent fibre

than brown hulls @ell and Shires, 1982). Recent results from our laboratory indicated

a total dietary fibre content for yellow-seedú B. rapa of 27% on average. The fibre

level was a reflection of a relatively high content of non-starch potysaccharides (NSP)

at the experise of lignin and poþhenols with the overall dietary fibre levet being 3

percentage units below that for brown-seeded samples (Stominski and Campbell, 1990;

Slominski et al.,l994a). This fibre profile, however, is characteristic of B. rapa ænola

since in most of the earlier studies this species was the only source of yellow-seeded

samples. It is onty recently that plant breeders have been able to incorporate the yellow-

seed character into the agronomically imFortant B. napus canola. Also, plant breeders

have recently developed canola quality forms of B. juncea, a species known for its pure
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yellow seed coat. Under western Canadian conditions B. juncea suffers less from heat

and drought stress and matures earlier than B. nopuÃ. Such characteristics are the basis

for high yields of oil and low chlorophyll content in the seed (Rakow and Raney, 1993).

The objective of this study was to evaluate protein, carbohydraæs and dietary

fibre components of seed meal of yellow- and brown-seeded strains of B. rupus, B. rapa,

B. juncea and B. carinata.

3.2. MATtsRIALS A}ID METHODS

3.2.1. Materials

The seed samples represented brown- and yellow-seeded strains/cultivars of B.

napus (3 brown and 3 yellow), B. rapa (2 brown, 6 yellow), B. juncea (1 brown, 16

yellow) and B. carina¡a (1 brown, I yellow). B. rwpus and B. rapø stains tested were

of canola quality type and by definition contained less than 30 ¡rmole/g of atiphatic

glucosinolates. Ten of the 16 yellow-seeded B. juncea strains were of canola quality; the

remaining six B. juncea strains and B. carituta were high in glucosinolate content. All

plant materials were grown in field plots at the Agriculture and Agri-Food Canada

research farm at Saskatoon, Saskatchewan, Canada. In preparation f9¡ analysis, the

seeds were crushed and extracted with n-hexane for 2 hours in a Soxhlet apparatus.

Following drying under a fume-hood, the meals were ground to pass through a I mm

sieve and were re-extracted with hexane for 8 h.
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3.2.2. Anatyticål procedures

Meal samples were atnlyznd for protein (Kjeldatrl N X 6.25), ash and ether

extract using established standard methods sf analysis (AOAC, 1990). Sucrose and

galactooligosaccharides were determined by gas-liquid chromatography according to the

procedure described by Slominskt et al. (L994a).

Dietary fibre was determined by a combination of neutral detergent fibre (NDF)

and detergent-soluble NSP measurements and was calculated as the srrm sf NDF and

detergent-soluble NSP (Slominski et al., 1994a). The method of Goering and Van Soest

(1970) was used for the deterrrination of NDF, except that the procedure was modified

to exclude the use of decalin and sodium sulfite (Mascharenhas Ferreira et al., 1983).

Non-st¿¡ch polysaccharides were deterrrined by gas liquid chromatography (component

neutral zugars) and by colorimetry (uronic acids) using the procedure described by

Englyst and Cummings (1984, 1988) withminormodifications (Slominski and Campbell,

1990). The content of NSP was measured in both the meals and the NDF residues.

Detergent-soluble NSP was calculated as total sample NSP minus NSP present in the

NDF residue. The contents of cellular protein (Kjeldatrl nitrogen) and ash in NDF

residue were also meazured. The value for lignin and associaæd polyphenols was

calculaæd by difference [NDF - (NSP * proæin + ash)].

Seed size was deærmined in triplicaæ by weighing 100 seeds from each

canola/rapeseed sample and $'as expressed as 9/1000 seeds.
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3.3. RESI.JLTS AND DISCUSSION

The chemical composition of the Brassicameal samples is shown in Table 5. On

average, in comparison to brown-seeded, yellow-seeded samples contained more sucrose,

more protein, less fibre and similar amounts of oligosaccharides and ash. These

components accounted for approximately 9O% of the dry matter of the meal in both

types. The remaining (approximately tO%) dry matter may be assumed to consist of free

glucose and frr¡ctose, sinapine (0.6 - t.8Vo), soluble tannins (1.5 - 3.0%),phenolic acids,

phytate (3 - 6%), glucosinolates (0.5 - 0.7%) and other minor components as reviewed

by Bell (1993a).

The zucrose and olþsaccharide contents in the meals were simila¡ to those

reported earlier for brown-seeded rapeseed (Theander and Ä,man, 1976;Finlayson, tg77)

and yellow-seeded canola (Slominski et al., 1994a). The difference in sucrose content

between the yellow- and brown-seeded samples was not as pronounced for the B. rurpus,

B. iuncea or B. carinata samples as it was for the B. rapa samples (Table 6). This is

in agreement with our earlier data showing 34 percentage points higher sucrose content

in yellow-seeded B. rapa as compared to brown-se€ded canola (Slominski et al., L994a).

As sucrose is a highly digestible carbohydraæ, its increased content in yellow-seeded

canola would be expecæd to have a positive impact on the digestible energy conûent of

the meal. This is not necessarily the case for galactootigosaccharides which were

reported in a recent study to have minimal effect on energy digestibitity in poulny

(Slominski et a1.,1994b). Consequently, it is uncertainto what extent the relatively high
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amount of oligosaccharides such as that observed for B. rapus canola (Table 6) would

have on the nutritive value of the meal.

Dietary fibre conænt in yellow-seeded samples was found to be significantly

lower, differing by 6 percentage points from that of the brown-seeded types (Tables 5

and 6). This relatively large difference is in contradiction to our earlier work (Slominski

and Campbell, 1990; Slominski et al., 1994a), however, in comparing the two data sets

the yellow-seeded samples were of similar fibre conænt while the brown-seæded canola

samples for the ea¡lier studies had lower fibre values of approximately 3 percentage

points. Such a discrepancy could be explained by environmental conditions, genetic

differences or location as the canola sarnples used in our ea¡lier studies were collected

from different canola breeding stations in Canada and Sweden. Values for dietary fibre

of rapeseæd which were determined as the sum of non-starch polysaccharides and t<l"roo

tignin have recently been reported (Erilsson et al., 1994). The dietary fibre values were

similar to those obtained in the current study and in addition also indicaæd variation

between rapeseed types with winter varieties showing higher dietary fibre values than

sunmer varieties (34.4 vs 3l.5Vo, respectively).

The protein content of the canola/rapeseed samples was shown to be related to

seed colour and, on average, was higher by 2 percentage points in yellow-seeded

samples. The difference in protein content due to seed colour was less evident for B.

rapa sarnplss rhan forB. napus, B. juncea and B. cariruta samples in which the increase

in protein content averaged 3.8, 3.5 and 3.8 percentage points, respectively (Tabte 6).

The relatively small increase in mean proûein value for B. rapa canola tnay have been,
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in part, due to an exceptionally low (33.6%) protein content in one of the yellow-seeded

samples. In general, the protein content was negatively correlated with dietary fibre

level for all arnlyzed samples, regardless of seed coat colour (Fig. 2). The regressions

of proûein and fibre content for B. nrryus (Fig. 3) and B. juncea samples (Fig. a) showed

relatively high correlation coeffîcients of -0.88 and -0.82, respectively, while the

coefficient for 8. rapa sarnples was only -0.59 (Fig. 5). In this regard, the former

samples had a large variation in protein and fibre contents anong the samples while the

latter samples had average protein contents for both yellow- and brown-seeded types.

It can be suggested from the results that the diluting effect of dietary fïbre on protein

content rn B. rapa canola may not be as significant as was earlier portrayed (Sarwar el

al., 1981; stringam et al., 1974). This result agrees with other work from our

laboratory in which the nutritive quality of yellow-seeded B. rapacanola was shown to

be similar to that for brown-seeded B. rapus canola (Simbaya, L992; Slominski et al.,

L994a). Apart from the brown-seeded samples which were limited in number in the

current study, the yellow-seeded samples, including B. juncea (n=16), B. rapa (n:6)

and to some extent B. rapus (n=3), showed a large variation in protein and fibre

contents (Figs. 3, 4 and 5). Such variation may reflect the differences in the seed size,

oil content and the cotyledon cell size. Such factors should be taken into account when

breeding for new, improved varieties of yellow-seeded canola/rapeseed. Since only rwo

samples of B. cariruta weÍe included in this study, the apparent differences in dietary

fibre and protein contents between yellow- and brown'seeded types can only be

considered as trends (Table 6). The extremely low fibre content in the yellow-seeded B.
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carinata sample is of particular interest as the protein content by consequence was

elevated above 50%, a value higher than that reported for dehulled canola meal (45.9%)

(Simbaya, 1992). This was also the case for selected sarnples of Brassica ttapus canola

(i.e., line YN90-1018: 48.4% protein, 26.2% fibre) or B. juncea lines J90-274L (47 .O%

protein, 22.6% fibre), 190-2736 (47.9Vo protein, 26.1% fibre) and J90-4316 (46.3Vo

protein, 27.SVo fibre) (specific data not shown).

The composition of dietary fibre present in brown- and yellow-seeded samples is

shown in Table 7. Yellow-seeded B. rapa showed the highest NSP content within the

yellow-seeded samples and this value differed substantially from that of brown- and

yellow-seeded B. napus canola which were not different. A similar difference between

brown-seeded B. naPus and yellow-seeded B. rapa samples was noted in earlier work

(Slominski et al., L994a). Yellow-seeded 8. juncea showed an intermediate NSP values

with an average of 20.7% and a range from 17.7Vo to 22.6%. Very low NSP and thus

dietary fibre values were characteristic of B. carinata.

As indicated in Table 8. a similar NSP component sugar profile was evident for

both brown- and yellow-seeded samples which indicates that changes in NSP for yellow-

seeded canola are quantitative rather than quatitative in nature. This response has been

shown in previous work (Slominski and Campbell, 1990; Slominski et al., L994a) and

since NSP accounts for a major portion of the dietary fibre of Brassica seed meals future

studies on the influence of dietary fibre on the nutritive quality of the meal should

include an evaluation of potential differences in the total content of NSP ¿rmong species

and strains within species of canola.
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Fibre components other than NSP which included cell wall protein and ash and

lignin with associated polyphenols showed major differences (Table 7). The pronounced

difference in lignin and polyphenol content between the brown- and yellow-seeded

samples confirrrs ea¡lier work from this laboratory (Slominski and Campbell, 1990;

Slominski et al., L994a). This fraction appears to be directly responsible for the seed

colour and as indicated by Theander et al. (1977) polyphenols rather than tignin are

predomimnt in brown-seeded rapeseed. However, samples of yellow-seeded B. juncea

revealed a wide range in the content of lignin and polyphenols (Min 2.5%, Max 5.4%)

without any major change in seed colour as the samples were all of the fully yellow-

seeded tlpe. In this regard, relatively low lignin and potyphenol content in yellow-

seeded canola may have important repercussions with regard to ttre nutritive worth of the

meal. While the digestibility of the meal may be imFroved due to lower ceit *aU

lignification, there is a poæntial for increased sotubility of stn¡ctural polysaccharides.

Soluble polysaccharides in cereal grains (i.e., ß-glucan, arabinoxylan) have been shown

to result in altered nutrient utilization (Graham and Äman, 1991). A weak negative

correlation between seed weight and fibre content in yellow-seeded samples (Fig. 6)

further elucidates this relationship and indicaæs the importance of canola cotyledons in

determining the level and nature of dietary fibre. Thus, in contrast to the concept of the

fibre in the hull fraction being the sole factor affecting nutrient utilization, the fibre

associated with the seed cotyledons may also be qf importance. Further work is needed

to deærmine water solubilþ of fibre components and to investigaæ the nutritive

properties of the soluble components of canola fibre including both stn¡ctural (i.e., pectic
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substances, hemicelluloses) and non-strucn¡ral (i.e. mucilages, gums) polysaccharides.

The association of carbohydrates with proteins in canola is also a factor that requires

furttrer study relative to the nutritive quality of the meal.
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TABLE 5. chemical composition of Meals Derived from Brown- and yellow-seeded
Brassica Species (% of Dry Mauer).

Type of Sample

Component Brown-seeded (n=7)t Yellow-seeded (n:26)2

Sucrose

Oligosaccharidesa

Dietary fibres

Protein

Ash

Fat

7.5 t l.db

2.5 ! 0.5^

33.6 t 2.8"

42.7 r'3.t^

7.0 t 0.5"

2.9 t 0.3^

8.7 t 1.3"

2.3 x 0.6^

27.7 x 2.3b

44.5 13.5^

6.9 t 1.1"

2.7 x 0.2^

Total6 90.5 t 1.4 89.7 X 2.0

I Includes samples of Brassica rueus (n=3), B. rapa (n=2), B. juncea (n:1) and B.
carinata (n=1). 2lncludes samples of B. napus (n=3), B. rapa (n=6), B. juncea (n=16)
and B. carirtata (n:1). 3Mean t SD; ''bValues within a row with no cornmon superscrþt
differ significantly (P<0.05). alncludes raffinose and stachyose. slncludes non-starch
polysaccharides, lignin with associated poþhenols, cell wall protein and cell wall
minerals. 6Corrected for cell wall protein and minerals present in the dietary fibre
fraction.
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Protein, carbohydrate and dietary fibre content of meals derived from
brown- and yellow-seeded Brassica species (% of Dry Matter).

Species/
seed colour

Number
of samples

Protetuf Sucrose Oligo- Dietary
saccharidesr Fibef

Brøssíca napus

Brown

Yellow

Brassícø rapa

Brown

Yellow

Brassíca junceø

Brown

Yellow

Brassica carinata

Brown

Yellow

34.1

27.5b

8.3"

9.7^

2.5^

2.6^

2.0

2.0

1

t6

42.6b

46.3^

40.5.

4r.1

41.4

4.9

48.8

52.6

7.lb

9.9^

7.0

8.3

3.0.

3.3^

t.7

1.6

35.0'

29.5b

35.1

27.8

27.6

21.9

1

I

6.1

6.8

I Includes raffinose and stachyose. 2lncludes non-starch polysaccharides, lignin with
associated polyphenols, cell wall protein and cell wall minerals. 3N x 6.25. ",bValues
within B. napus or B. rapa species with no common superscripts differ significantly
(P<0.05).
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TABLE 7. Composition of dietary fibre of meals derived from brown- and yellow-
seeded Brassica species (% of Dry Matter).

Species/
seed colour

Number NSP Protein Ash Lignint
of samples

Brassica napus

Brown
Yellow

Brassica rapø

Brown
Yellow

Brassíca juncea

Brown
Yellow

Brassica carinafa

Brown
Yellow

3 18.6' 4.4^ L.g^ 9.1"
3 19.6" 3.5b 0.7b 4.7b

2 20.r 2.6^ 3.0" 9.3^
6 21.3^ 2.1^ 0.6b 4.5b

I 23.3 2.9 t.2 7.6
16 20.7 2.2 0.8 4.t

1 18.3 2.t 5.0 2.8
1 15.0 1.6 2.3 3.0

I Includes lignin with associated polyphenols. ''bValues within B. rcpus and, B. rapa
species with no common superscripts differ significantly (P<0.05).
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TABLE 8' Non-starch polysaccharide profiles of meals derived from brown- and
yellow-seeded Brassica species (mg g-t of Dry Matter).

Type of Sample

component sugar BtSIn-!:9!led (n=7)r yellow-seeded (n=26)r

Rha¡r¡nose

.tsucose

Arabinose

Xylose

Mannose

, Galactose

0.9

1.1

21.8

8.0

1.9

9.5

30.5

26.3

8.6

1.9

9.0

30.0

25.7

0.8

1.1

22.9 ,i
J
t)

Glucose

Uronic acids

I See Table 5 for type of samples.



FIGURE 2. Relationship between the protein and dietary fibre contents of meals
derived from strains/cultivars of Brassica wpil& B. rapa,
B. juncea,and B. carinota.
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FIGURE 3. Relationship benveen the protein and dietary fibre contents of' mears derived from browi- r"¿ y"u"*-*.å ed Brassica n,pas.
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FIGURE 4' Relatio.nship between protein and dietary fibre contents of mealsderived from brown_ and yellow_,riaã ni^riro juncea.
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FIGURE 5. Rerationship between nr!ærLana dietary fibre contenrs of mealsderived from brown_ anc yettow- r"ñ, n)^ruo ,opo.
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FIGURE 6. Relationship between dietary fîbre content in the meal and seed size

of selected strains/cultivars of Brassíca rurpus, B. rapa and B. juncea
(expressed as grams per 1000 seeds).
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4. IT,TANUSCRIPT TWO

Nutritive Value of Yellow-seeded Canola. Part I. Digestible Protein, Dietary Fibre

and the Effect of Moist Heat Treatment on Me¿I Quality.
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ABSTRACT

The study was conducted to determine digestible protein, soluble fibre, soluble phenolics

and extract viscosity of selected yellow- and brown-seeded Brassica seed meals. The

effects of total and soluble dietary fibre as well as ttrat of soluble phenolics and extract

viscosity oninvitro protein digestibility were also determined. Digestible protein content

was determined by using a two step pepsin-pancreatin system. There were no major

differences in the content of soluble fibre, soluble phenolics and extract viscosity between

Brassica seed species. There were, however, some differences in digestible protein

content with B. rapa and B. rnpus showing the highest values. Digestible protein was

poorly correlated with total and soluble fibre as well as soluble phenolics. There was no

relationship between soluble dietary fibre and extract viscosity. An attempt was made

to establish optimum conditions for processing of canola seed. Digestible protein of three

oil free seed samples increased substantially with increased temperah¡re of moist heat

treaûnentupto 108 t 1'C. Heattreatrnentbelow l05"Cwasnoteffectiveinpromoting

protein digestibility. The reduction in digestible protein contenr for samples heat treated

at temperatures above 110'C was associaæd with increased neutral detergent fibre (NDF)

content. The extent of protein damage was reflected by high protein content in the NDF

residue. Time of heat treameft did not have any positive effect on protein digestibilþ.

Key words: yellow-seeded canola, soluble fibre, in vitro protein digestibility, heat

treaünent.
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4.I. INTRODUCTION

Canola meal could be more competitive in the market place if it had more

digestible energy, more protein and less fibre @ell, 1993a). Among the approaches

undertaken in order to produce a meal of superior nutritive value is breeding for canola

of yellow-seeded type (Stringam et al., 1974; Bell and Shires, 1982). Such efforts have

led to the development of partially yellow- and fulty yellow-seeded, Brassica rapa canola

and are justified as a means to improve the meal quality by increasing seed protein and

decreasing seed fÏbre, with a resultant potential improvement in the available energy and

amino acid contents of the meal. Earlier research which involved a number of B. rapa

(campestris) canola varieties showed limited advantage of the yellow-seeded characteristic

with regard to dietary fibre content (Slominski et al., 1994). Totat dietary fibre was

found to be only slightty lower than that estimated for brown-seeded canola. Although,

in comparison to brown-seeded type, the yellow-seeded B. rapa canola was shown to

contain much less lignin and poþhenols, the cell wall polysaccharide content was found

to be much higher in this type of canola. As was recently investigated in this laboratory,

the high content of cell wall polysaccharides was found to result from signifîcantly

smaller cells in the cotyledon fraction of B. rapa canola (unpublished). The sucrose

content, on the other hand, was higher by 3-4 percentage points in fully yellow-seeded

cultivars as opposed to brown-seeded varieties (Slominski et al., L994a). However, the

first commercially available meal from fully yellow-seeded B. rapa (cv. Parkland)
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contained similar metabolizable energy and amino acid digestibilities in comparison to

conventional canola meal (Slominski et al., I994a).

A relatively new initiative in plant breeding has been the development of canola

quality forms of B. iuncea. a species known for its pure yellow seed coat. Only recently

have plant breeders been able to incorporate the yellow-seeded characær into B. napus

canola and in a recent study yellow-seeded B. juncea and B. tapus seed meals along with

selected B. rapa and B. caritata samples were shown to contain more protetn (45%

vs 42.7) and less fibre (28% vs 33) than their brown-seeded counterparts (Simbaya et al.,

1995). In these samples, total dietary fibre was negatively correlated with protein

content, with B. taPus and B. juncea showing the highest correlation coefficients. A

relatively weak negative correlation between seed size and fibre content in yellow-seeded

samples furttrer indicated the importance of canola cotyledons in determining the level

and nature of dietary fibre (Simbaya et al., L995). These and some earlier data on B.

rapa canola (Stringam et al., 1974; Theander et al., L977; Bell and Shires, L9g2;

Slominski and Campbell, 1990) indicate that there are at least three factors affecting the

fibre content: the colour of the seed (the higher proportion of yellow seeds in the sample,

the lower content of lignin and polyphenols); the seed size (the smaller the seed, the

more fibre in the resulting meal), and the cotyledon cell size (the smaller the cells, the

more non-starch polysaccharides and thus dietary fibre in the meal). Since any of the

factors may significantly affect the nutritive value of the meal, all three should be given

consideration in developing new varieties of canola/rapeseed.
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The research reported in this paper is a continuation of our earlier work on

quality evaluation of the meals derived from the new, yellow-seeded types of canola

(Simbaya et aL.,1995). The objective of this study was to determine protein digestibility

as well as soluble dietary fibre and soluble phenolic (tannins) contents as a means of

estimating the nutritive worth of the meals from newly developed yellow-seeded Brassíca

varieties. The effect of moist heat treatnent on protein digestibilþ was also examined

in order to define the optimal conditions necessary for the production of meal of high

nutritive value.

4.2. EXPERIMENTAL

4.2.1. Materials

Brassica seed samples represented nvo yellow- (Y-1016, Y-1018) and two brown-

seeded (Westar, Elect) strains/cultivars of Br¿ssica rnpus, two yellow- (Parkland, R 500)

and two brown-seeded (Echo, Torch) samples of B. rapa, six yellow- (Cutlass, ZEHO,

14253, l-43L6, I-274t, I-2776) and one brown-seeded ("Commercial") samples of B.

iuncea, one yellow- (Dodolla) and one brown-seeded (Cv-s-67) samples of B, carinata

and one yellow-seeded sample of Sinapis alba (Ochre). All plant materials were grorvn

in field plots at the Agriculture and Agri-Food Canada Research farm at Saskatoon,

Saskatchewan, Canada. In preparation for analysis, the seeds were crushed to pass

through a 2 nrn sieve and were extracted with n-hexane for 2 h in a Soxhtet apparatus.
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Following drying under a fume-hood at room temperature, the meals were ground to pass

through a I mm sieve and were moist-heat treated at 105'C for 20 minutes in a

cyclomatic laboratory autoclave (American Sterilizer Co., Brampton, Ontario. Canada).

The processed meals were then re-defatted with n-hexane for 8 h. Commercial canola

meal was purchased from a local crushing plant.

4.2.2. rn vitro protein digestibility and soluble fibre content

Digestible protein and soluble dietary fibre contents were determined following

digestion of the sample with pepsin and pancreatin enzymes as recorrmended by Gauthier

et al. (1982), Savoie and Gauthier (1986), Kennedy et at. (1989) and Boisen and Eggum

(1991). The system developed for the current study is summarized in Fig. 7 and is

described in detail below.

Five grams of sample was weighed into a 100 ml erlenmeyer flask containing 500

mg of pepsin (P 7000, Sigma, st. Louis, Mo, u.s.A.). Fiffy millilitres of o.l M

Hclls{ mM NaCl solution were then added, and the contents were shaken for t h at

40'C in an environmentally controlled incubator shaker (New Brunswick Scientific Co.,

Inc. Edison, NJ. U.S.A.). Following digestion with pepsin, the pH was adjusted to

approximately 7.0 with 2.5 ml of 2.0 M NaoH. The pH was stabilized by adding 20 mI

of 0.1 M phosphate buffer containing 0.O5Vo sodium azide. The contents were then

transferred into pre-soaked dialysis n¡bes (Spectrum, Houston, Tx, U.S.A.) with a

molecular weight cut off value of 12000 -14000. One ml of buffer solution containing

50 mg of pancreatin (P 1750, 4 x u.s.P.; sigma chemicar co., st. Iæuis, Mo, u.s.A.)
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was then added and the tubes were closed allowing for a small air gap in the tube to

facilitate continued mixing of the contents (Kennedy et al., 1989).

To simulate the environment of the small intestine and to minimize the effect of

end product inhibition, protein dþstion with pancreatin was performed with the aid of

the digestion/dialysis unit which was constn¡cted by mounting a speed reducer motor

(Bodine Electric Co., Chicago, Illinois, U.S.A.) onto a therrrally controlled water bath

(Blue M. Electric Co., Blue Island, U.S.A.) filled with 0.05 M phosphate buffer pH 7.0.

The motor was used to rotate a rectangular aluminum frame (32 x 18 cm) at a speed of

20 rpm. Att¿ched to the metal frame were 6 dialysis tubes, each containing a sample of

test maærial.

Protein dþstion with pancreatin was conducted for 6 h at 40oC. After

incubation, enzyme activities srere tenninâted by replacing the buffer with ice-cold

distilled water. To ensure removal of the hydrolysis products, the contents were

subjected to dialysis against ice-cold distilled water for 72h with continuous rotation of

the ubes. The water was changed regularly at I h intervals. Following dialysis, the

samples were centrifuged for 15 minutes at 3000 x g in a Centra GP8 centrifuge

(nærnational Equipment Co. Ne¿dham, MA., U.S.A.). The insoluble (pellet) and

soluble (supernatant) residues were frozen, freezedried and analyzed for crude protein

(Kjeldaht N x 6.25). Digestible protein content was calculated as total sample protein

minus protein retained in the soluble and insoluble residues. Soluble dietary fibre was

defined as non-starch polysaccharides present in the soluble (supernatant) residue.
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Several modifications to the in vitro procedure described above were employed

to establish the optimum conditions required to accomplish maximal hydrolysis of canola

protein.

As opposed to pepsin concentration which was chosen based on the literature data

reviewed by Boisen and Eggum (1991), the ratio of pancreatin to the substrate was

investigated by subjecting 5 g of commercial canola meal to digestion with increased

concentration of this enzyme (Fig. 8). Pronase, the protease from Steptomyces griseus

(P 6911, Sigma), was used as a reference protease. Both enzymes were further tested

at the optimal concentrations to study the effect of Tris-HCl buffer on in vitro protern

digestibility. The addition of sodium dodecyl sulphate (SDS) to facilitate prorein

digestion as recoûtmended by Brillouet et al. (1988) was also investigated (Table 9). The

effect of dialysis time on the removal of the digestive products was assessed by

monitoring the disappearance of soluble protein following 24, 48 and.72 h of dialysis

(Table 10).

4.2.3. Evaluation of Brassíca seed meals

The digestion/dialysis unit was used to evaluate the Brassic¿ seed meals for

dþstible protein and soluble dietary fibre contents. The samples were also analyzed for

content of phenolic substances (tannins) and extract viscosity.

The digestion unit was also used to study the effect of moist heat treatment on ¡n

vítro protein digestibility. The effect of temperature was evaluated by heating each of

three different samples of defatted seed at 90, 100, 105, 110, 120 ¿nd Lz6"c for 20
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minutes. In a study on the effect of heating time, the samples were autoclaved at 105'C

for 20,40, 60 and 90 minutes. A cyclomatic laboratory autoclave (American Sterilized

Co., Brampton, Ontario, Canada) was used with the "steam to jacket" valve closed in

order to achieve desirable temperah¡res. Time of heat treatment was monitored after the

set temperature inside the autoclave was attained (about 18-20 minutes). The processed

meals were dried overnight under a fume-hood and were zubjected to analysis for

digestible protein and neutral detergent fibre (NDF) contents. The unlreated samples of

defatted seed served as the control meals.

4.2.4. Anatyticåt procedures

Crude protein was determined with the aid of a Kjeltec Auto 1030 Protein

Analyzer (Tecator AB, 5-26321, Hoganos, Sweden). Total dietary fibre was determined

by a combination of neutral detergent fibre (NDF) and deûergent soluble non-starch

polysaccharides (Slominski er al., 1994a). Soluble dietary fibre analysis utilized the

procedure for non-starch polysaccharides as described by Englyst and Cummings (1984)

with minor modifications (Slominski and Campbell, 1990). The method of Goering and

Van Soest (1970) was used to determine neutral detergent fibre (NDF). The NDF

procedure was modified to exclude the use of decalin and sodium sulfiæ (Mascharenhas

Ferreira et aI., 1983). Soluble phenolics were analyzed according to the Foltin-Denis

procedure (Swain and Hillis, 1959) as outtined by AOAC (1990). Extract viscosity

measurements were made on a Wells-Brookfield Cone/Plate Digital Viscometer

@rooldield Engineering I¿boratories Inc., Stoughton, MA, U.S.A.) using the procedures
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of Bedford and Classen (1993) and Boros et al. (1993). Viscosity measurements were

done with and without pancreatin addition.

5.2.5. Ståtisticåt analysis

Data was arø,lyzú by ANOVA and linear regression using the general linear

models (SAS Institute, 1985) and the procedures of Snedecor and Cochran, 1980).

Treament means were compared and separated by Duncan's (1955) multiple range test.

4.3. RESTJLTS AI\TD DISCUSSIONS

4.3.1. In vitro protein digestibility procedure

The effect of erøyme to substrate ratio on protein digestibility is shown in Figure

2. T\e in vitro protein digestibility increased with increased enzyme concentration up

to 5 mg g-r meal. On the protein basis, a smaller concentration of pancreatin and

pronase were reported to be optimal for the proteolysis of casein (Gauthier et a1.,1986)

and bovine senrm atbumin (Brillouet et al., 1988), respectively. Incubation of canola

meal with a combination of pronase and pancreatin resulæd in slightly higher protein

dþstion than when either enzyme was used separately (Fig. 8). As with individual

enz5mes, the hydrolysis of protein by a 1:1 w/w combination of pronase and pancreatin

reached the plateau at 5 mg g-t meal. [n general tbe pronase enzyme \ilas more effective

in protein hydrolysis than pancreatin. Simila¡ results were reported by Gauthier ef ø/.



7L

(1986), Morrison (1973) and Brillouet et al. (1988). In this regard, rhe pronase

preparation was found to contain a combination of exo- and endopeptidases and was

shown to be effective in hydrolysing plant proteins up to the amino acid level

(Selvendran, 1975). Pancreatin, on the other hand, is composed of trypsin,

chymotrypsin, elastase and carboxypeptidases A and B which are only effective in

breaking the basic and aromatic peptide bonds (Brulé and Savoie, 1988; Boisen and

Eggum, 1991). In the latter case, however, it is presumed that some of the polypeptides

are likely to be digested by the brush-border peptidases in the small intestine of

monogastric animals (Silk, 1980). According to the current results, this fraction would

not exceed 5% of ttre total protein content as judged from the difference in digestible

protein content between the pronase and pancreatin treated samples (Fig. 8).

The effect of Tris-HCl and phosphate buffer on activities of the pronase and

pancreatin preparations (Table 9) indicated a negative effect of Tris-HCl buffer on

protein dþstibility. The difference benreen the trro buffers could not be associated with

different pH values as both solutions had a relatively similar pH (7.0 vs 7.1) which was

within the recommended range for optimum pancreatin (Savoie et aL.,1986) and pronase

@rillouet et al., 1988) activities. It may be speculaæd ttrat ttre observed va¡iations in

protein dþstibility was due to the overall ability of phosphorus to promote the enzyme

teaction. While addition of sodium lauryl zulphate (SDS) to the phosphaæ buffer had a

slightly positive effect on pronase activity, a significant negative effect was observed on

pancreatin activity (Table 9). of particular interest was the extent to which sDS

enhanced solubilization of dry matter (data not shown). This may be a reason why SDS,
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along with the pronase enzyme, is so effective in non-cellular proûein solubilization

@rillouet et a1.,1988). The reason for the negative effect of SDS on pancreatin activity

was not apparent.

The effect of time on protein remaining in the dialysis tube (Table 10) showed a

continuous loss of nitrogenous matter throughout the 72 hrs dialysis period, with no

significant differences between the two canola meal samples. Although the dialysis did

not reach a plateau after 72 hrs, it could not be extended due to the potential for

microbial contamination of the sample over the prolonged period of time. Therefore,

dialysis for 72 hrs was chosen for the in vitro procedure.

4.3.2. Quatrty characteristics of Brassíca seed meals

Selected quality parameters of meals derived from yellow- and brown-seeded

Brassica seed samples are shown in Table 11. Since there were no significant differences

between brown- and yellow-seeded samples within each species, only the mean values

are reported. With regard to digestible protein content, B. rapa canola was shown to

have significantly higher values than B. juncea, B. carinata and S. alba. Protein

digestibility for B. nopus canola was only statistically different from that of S. alba,

which had the lowest value. The low digestible protein content tn S. alba, however, may

not be representative of the species since only one sample was available for comparison.

Although earlier tesults from this laboratory showed a negative correlation berween the

protein and total dietary fibre contents (Simbaya et al., 1995), there was no relationship

between total dietary fibre and in vitro protein digestibillty in the current srudy (Fig. 9).
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Therefore, it may be inferred that any potential adverse effect of dietary fibre is solely

due to nutrient dilution rather than to any anti-nutritive properties associated with the

fibre components. This also applies to the soluble dietary fibre fraction, alrhough as

determinedundertheenvironmentof thegastrointestinaltract, averagedonly 19% (Mn

1.2%,Max2.6) and represented only a small proportion (4-8%) of the total dietary fibre

content present in canola samples (Table 11). It should be noted that the soluble fibre

content determined in the current study is similar to that of wheat Q.2Vo) and is much

lower tt¡an that of barley or rye (5.2%), both known to contain large amounts of water-

soluble and viscous polysaccharides @akowska et al., 1989; Thomke et al., t987).

Soluble fibre, however, was not correlated with digestible protein (Fig. l0) or extract

viscosþ (Fig. 11). The viscosity values were highest for S. atba and lowest forB.

napun and B. raPa canola, with no statistical differences between B. juncea and B.

carinnta (Table 11). Extract viscosity was negatively correlated with digestible protein

content (Figure 12) and it was unclear which component(s) of canola meal contributed

to this relationship since, with the exception of S. alba variety Ochre, the viscosity was

substantially reduced by treatnent of the samples with pancreatin (Fig. 13). The

association of digestible protein with exuact viscosity is difficult to explain. It may be

related to the degree of protein solubilþ with lesser contribution of well soluble and thus

dþstible protein to extract viscosity. It should be reiterated, however, that the viscosiry

values for canola meal are much lower than those reported for cereal grains as indicated

here and the viscosity of canola extracts should not be considered detrimental with regard

to the quality of the meal.
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With the exception of one saurple of Sirwpis alba, there were no major differences

within the Brassica species with regard to content of soluble phenolics (Table 11),

although all values were slightly higher than those reported for free phenolics present in

canola/rapeseed (1.5 to 1.8% of oil free meal) (Kozlowska et aL,1990). However, the

culrent values were similar to those reported by Fenwick and Hoggan (1976). The

differences may be attribuæd to either different extraction conditions, as was

demonstrated by Naczk and Shahidi (1989), or different methods used for the detection

of phenolic substances. In this regard, the vanillin method, commonly used for tannin

determination, was found to be relatively ineffective in detecting the phenolic substances

in the water-soluble fraction of canola meal (data not shown). Therefore, it was

concluded that the low soluble tannin content, as judged by the difference between the

vanillin and the Swain and Hillis (1959) method for total phenolics, would have positive

implications with regard to the quality of canola meal. This was fr,lrther substantiated by

a lack of correlation be¡veen the digestible protein and the content of toøl soluble

phenolics (Fig. 1a).

4.3.4. Effect of moist heat treatment on meal quallty

There was a profound effect of moist heat treaünent on meal quality as measured

by digestible protein content in three samples of defatted canola seed processed under

different conditions. As shown in Figure L5, in vitro protein digestibility increased

substantially with increased temperature up to 107-108"C. Application of higher

temperatures resulted in a significant decline in protein digestibility. The increase in
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digestible protein content in moderately heat treated samples is in agreement with earlier

reports which demonstrated that some form of heat treameft is required to alter the

three-dimensional stn¡cture of plant proûeins in order to make the protein more

susceptible to proteolysis (Nordheim and Coon, 1984). While heat treatment is widely

used in the commercial crushing operation of canola seed, the rationale behind its

application is more related to aspects other than the manufacture of meal of high protein

quality. These include the prepress cooking at 75-85"C to enhance coalescence of the

oil droplets and the reduction of oil viscosity to facilitate screw pressing; ste¿rm sparging

at 103-107'C (at the discharge) in a desolventizer-toaster to remove hexane and to

improve the nutritive quality of the meal by myrosinase enzyme inactivation and partial

destruction of undesirable glucosinolates; drying of the desolventized meal which

involves some additional heat treaunent (Unger, 1990). In modern crushing plants, the

heat treatment that is routinely applied would appear to lead to the production of high

quality canola meal. This is supported by the results of the current study which showed

an excellent invitroprotein digestibility figure for the commercial sample of canola meal

(Table 12). The digestible protein content of 7L.8% agrees very well with recently

reported 70% and 72% values determined, in vivo at the ileal level of the pig for

Canadian commercial canola meal (Grataet aI., L993) and the low glucosinolate rapeseed

meal from Finland (Nysrom at a1.,1995), respectively. In the current study lower, but

only slightly, values for digestible protein content were obtained for laboratory prepared

meals heat treated at 110'C. The unheated samples, however, showed very poor protein

digestibitity values which in essence were similar to those obtained following heat
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ûeameff of the samples at 90oC or 100"C (FiS. 15). This is in agreement with some

earlier in vivo studies showing the ur¡heated or heated under mild conditions meal to have

a lower nutritive value and lower digestible protein and/or amino acids contents as

compared to that of the commercial meal (Slominski et al., 1985, Nystrom et al., 1995,

Jensen et aI., 1995). Therefore, as indicated in Fig. 15, it appears that the optimal

temperature for processing of canola seed is within a range of 107 - 108"C. Any further

increase in temperahrre, however, may result in substantial destruction of the protein as

evidenced by low protein digestibility values for samples processed at t2O and I26oC.

Protein damage at high temperatures is well known and results from the forrration of

Maillard reaction products which are condensation and polymerization products of amino

acids such as lysine, histidine or arginine with sugar residues. Maillard products in

essence should be considered dietary fibre as evidenced by a substantial increase in

neutral detergent fibre (NDF) content in samples processed at 120 and 126"C (Fig. 16).

Proæin damage at high temperatures was further reflected in a substantial increase of

total protein content in the NDF residues (Fig. 17). Similar fïndings were reported by

Keith and Bell (1983) who observed increased NDF content in the meals with increased

processing temperatures. A slight increase in NDF content at temperan¡res below or

equal to 110oC did not have any negative effect on in vitro protein digestibility.

Therefore, the reduction in protein solubility rather than protein damage appear to be

responsible for the increase in NDF content in ttre moderately heat treated meal.

The effect of varying times of moist heat treaünent (105"C) on digestible protein

and NDF contents are shown in Figs. 18 and 19, respectively. Protein digestibility did
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not reach the level observed in an earlier experiment and declined slightly over time.

This was followed by an increase in NDF content which, after 90 min of heat treaünent,

significantly exceeded the NDF values for samples processed at high temperature (ie.,

110'c) but for a shorter period of time (ie., 20 min) (Fig. 16 vs Fig. 19). only a slight

decline in dþstible protein content over a 90 min period of heat treaünent is in contrast

to the findings of Anderson-Herfarmann et al. (L993) and Jensen et at. (L995) for canola

meal and Parsons et al. (1991) for soybean meal who reported the adverse effect of

prolonged time of heat treatment on protein quality. It should be noted, however, that

the temperatures applied in most of these studies varied substantially (100 - 121'C) and

the meals, which were derived from processing plants, had already undergone some form

of heat treaünent.

The results of the current study indicate the importance of moist heat treatment

in the processing of canola seed with temperatures of 108 t l.C applied for a short

period of time being beneficial to the meal quality.
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TABLE 9. Efect of buffer and sodium dedocyl sulphate (SDS) addition on in
vitro protein digestion by pancreatin and pronase eDzymes (% of control).

Type of buffer

Enzyme Phosphate (pH 7.0) Tris-HCl (pH 7.1) Phosphate + SDS (1%)

Pancreatinr 100.0 84.8 + 0.8 34.6 t 1.0

Pronase2 100.0 86.9 t 0.0 10s.3 t 0.1

I Used at 10 mg g-r meal; 2 used at 5 mg g-r meal.
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TABLE 10. Effect of time of dialysis on soluble nitrogenous matter remaining in the
dialysis tube following digestion of two samples of canola meal with
pepsin and pancreattn (Vo of total protein).

Dialysis time (hrs) Canola meal Ar Canola meal Br

24

48

72

13.7 * 0.22

10.5 t 0.4

7-2 + o.t

13.4 t 0.3

8.5 t 0.3

7.0 t 0.4

I Canola meals were two representative samples of commercial meal from different
sources.2Mean*SD.
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TABLE 11. Digestible protein, soluble dietary fibre, soluble phenolics and extract
viscosity of meals derived ftom Brassica and, Sinapß species.

Species/
samples
numberl

Digestible
protein

(% of total)

Soluble
fibre

(7o DM)

Soluble
phenolics
(% DM.)

Extract
viscosity
(cps)

B. nnpus (n=4) 65.22t3.7ù 2.051.0.27ú 2.271lO.Ogù

B. rapa (n=4) 67.3*4.6^ 2.4110.26^ 2.15t0.26,b

B. juncea (n=7) 57.3f5.4b 1.81t0.49.b 2.43!0.t6^

B. carinnta (n=2) 56.9t1.6b" l.47tÙ.Mb 2.4Sjf.O.2O^

1.06t0.06.

1.15t0.09b"

1.35t0.18b

1.36t0.02b

1.6610.00"S. alba (n:1) 47.8t0.6 1.91t0.02,b 1.92*0.00b

I See Materials and Mettrods Section for number of brown- and yellow-seeded samples
within species; 2 Mean t SD; "'b'" Values within a column with different superscripts
differ significantly (P< 0.05).
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TABLE t2. Effect of moist heat treatment (110oC, 20 min) on digestible protein

content in three samples of defatted Brassica seeds as compared to that of
the commercial meal (% of total).

Defatted seedr Unheated Heated

Sample A

Sample B

Sample C

42.4 t 1.8

40.6 t 2.4

36.7 t 0.4

68.9 t 1.5

64"1 t 0.7

68.7 t 0.7

Commercial meal 71.8 * 0.4

t Represented three different varieties of canola.



FIGURE 7. procedure used for dþstible protein and sorubre dietary fibredeterminations
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FIGI.]RE 8. Effect of enryme concenüation on in vitro protein digestibility in
canola meal using pronase, pancreatin or a 1:1 (w/w) combination
of both.
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FIGIJRE 9. Relationship be¡reen the total dietary fibre and digestible protein
contents of meals derived from selected stains/cultiva¡s of B. rwpus,

B. rapa, B. iuncea,B. caritata and Sircpis alba.
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FIGURE 10. Relationship between the soluble dietary fibre and digestible protein

contents of meals derived from selected stains/cultivars of B. napus,

B. rapa, B. iuncea,B. carirata and Sinapis alba'
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FIGURE 11. Relationship between the extract viscosity and soluble dietary fibre
content of meals derived from selected stains/cultivars of B. napus,

B. rapa, B. iuncea,B. carinata and Sinapis alba.
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FIGURE 12. Relationship between the extract viscosity and digestible protein

contents of meals derived from selected stains/cultivars of B. napus,

B. rapa, B. iuncea, B. carinata and Sinapis alba.
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FIGURE 13. Effect of Pancreatin addition on extract viscosity in selected samples

of. Brassica and Sinapis alba (Ocfue) seed meals.
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FIGLTRE 15. Effect of varying temperafi¡res on digestible protein contents in
defatæd seed samples from tbræ Brassica cultivars zubjected

to moist heat treatment for 20 min.
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FIGURE 15. Effect of varying temperatures on digestible protein contents in
defatted seed samples from three Brassica cultivars subjected

to moist heat treatment for 20 min.
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FIGLJRE 16. Effect of varying temperatures on neutral detergent fibre (NDF)

content in defatted seed sanples from three Br¿ssic¿ cultivars

zubjecæd to moist heat treatuent for 20 min'
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FIGT RE 17. Proæin content in the neutral deærgent fibre (NDF) residues

of deffated seed samples from three Br¿ssic¿ cultiva¡s as

affecæd by various temperatufes of moist heat treameÛ.
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FIGURE 18. Effect of varying times of moist heat treatment at 105'C on digestible
protein content of defatted seed samples from three Brassicø cultivars.
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FIGLTRE 1g. Effect of varying times of moist heat treament at 105oc on neutral

detergent fibre content in of defatæd seed samples from three

Brassica cultiva¡s.
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5. MANUSCRIPT THREE

Nutritive Value of Yellow-seeded Canola. Part tr. Chemical Composition and

Feeding Quati8 of Meals Derived from Newly setected varieties.
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ABSTRACT

This study was conducted to investigate the quality characteristics of meals derived from

newly developed cultivars/varieties of canola. Meals from yellow-seeded Brassica rapa

(cv. Parkland) , B. rupus (cv. Y1016) and B. juncea (cv. J4316) and from brown-seeded

B. napus (cv. Excel) were evaluated for chemical composition, in vitro protein

digestibility, available energy and amino acid contents and overall feeding quality. All

samples were of canola quality and apart from B. juncea which contained a relatively

high content of gluconapin, the meals had glucosinolate levels comparable to those of

commercial meals from yellow- and brown-seeded canola. Except for B. rapo cv.

Parkland, all cultivars had significantly higher protein contents than the commercial

meals. Sucrose content varied from 6.2 to 8.0Vo with yellow-seeded cultivars having

slightly higher values than the brown-seeded cultivars. The content of oligosaccharides

ranged from2.6 to 3.1% withno notable differences between yellow- and brown-seeded

samples. Dietary fibre varied only to a limited extent with the yellow-seeded B. rutpus

and B. iuncea samples having significantly lower values. The levels of amino acids

reflected differences in protein content and, when calculated as percentage of crude

protein, there were no major differences among meals. Results of in vitro protein

digestibility showed minor variations among meals and confirmed moist heat treament

at 108 + loC for 20 minutes to be optimal for processing of canola seed. Availability

of amino acids averaged 84. LVo with only minor differences rimong .samples. True

metabolizable energy content was highest in the yellow-seeded B. napus sample. There
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were no differences in weight gain of broiler chickens fed the commercial or laboratory

prepared Brassica rapa and the yellow- and brown-seeded B. rapus meals. Chickens fed

B. iuncea meal showed significantly lower feed intake and body weight gain which

appeared to be attributed to a relatively high content of aliphatic glucosinolates in this

meal. Birds fed the yellow-seeded B. napus canola showed the highest feed efficiency

value.

Key words: Yellow-seeded canola, chemical composition, nutritive value

5.1. INTRODUCTION

Recent evaluation of the meals derived from a number of strains/cultivars of

Brassica showed some positive quality characteristics for the yellow-seeded type of

canola/rapeseed (Slominski et al . , 1994; Simbaya et al . , 1995). In comparison to brown-

seeded, yellow-seeded canola was found to contain more sucrose and protein, less dietary

fibre and similar amounts of oligosaccharides, minerals and residual fat. The dietary

fibre was negatively correlated with protein content which indicated the potential for

further quality improvements within the yellow-seeded type of canola. Detailed

evaluation of Brassica seed meals, reported in part I of this publication, showed only

minor differences between the two types of canola with regard to contents of digestible

protein, soluble dietary fibre or soluble phenolics. Due to the small size of the samples,
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¡þs imFroved nutrient content in newly selected strains/varieties of canola has not been

zubstantiated in practical feeding trials. However, detailed chemical composition of

Brassica seed meals assisted in ranking the samples and, along with the agronomic

characteristics, served to select the most promising cultivars for further in vívo

evaluation. Therefore, the objective of this investigation was to determine the nutritive

value of yellow- and brown-seeded Brassica seed meals by using the TMEn assay and

broiler feeding trial. Since for high quality meal, the processing conditions were found

to be as essential as nutrient content per se, the crushing of experimental meals was

performed in accordance with the optimal parameters est¿blished and reported in part I

of this study.

5.2. DPERIMENTAL

5.2.1. Materials

Brassica seed samples consisting of yellow-seeded 8. rapa (cv. Parkland), B.

rurpus (cv. Y1016), B. juncea (cv. 14316) and brown-seeded B. napus (cv. Excel) were

provided by Agriculture Canada Research Station, Saskatoon, Saskatchewan. The seeds

(21 kg) were crushed to pass through a2 mmsieve and were extracted with n-hexane for

8 hrs in a Kontes Macro Soxhlet apparatus (Fisher Scientific, Rlmonton, Alberta,

Canada). Following drying under a fume-hood at room temperature, the meals were re-

ground to pass through a I mm sieve and were re-extracted with n-hexane for an
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additional 8 hrs. The dried meals were moist heat treated at 108 t l'C for 20 minutes

in a laboratory cyclomatic thermal sterilizer (American Sterilizer Co., Brampton,

Ontario, Canada). To achieve the desired temperature, the "steam to jacket" valve was

kept closed and the time was monitored after attaining the set temperature inside the

meal. The meals were dried overnight at 40oC. Two commercial meals from the

yellow-seeded variety Parkland (8. røpa) and from a mixn¡re of brown-seeded varieties

grown in Western Canada were obtained from a local crushing plant (Altona, Manitoba,

Canada).

5.2.2. Chemicat Analyses

The meals were analyzed tn duplicate for dry matter, crude protein (Kjeldaht N

x 6.25), ash, and ether extract using established methods of analysis (AOAC, 1990).

Amino acids were arø,lyzed by ion-exchange chromatography with the aid of a LKB

Biochrom 4151 Alpha Plus amino acid atnlyzer (Biochrom, Science Park, Cambridge,

U.K.) following hydrolysis of the samples with 6 N HCI at 110'C for 24 h (Andrews

and Baldar, 1985). Methionine and cystine were determined according to the procedure

of Moore (1963). Glucosinolates were analyzed using the method of Thies (1977) with

some modifications (Slominski and Campbell, lg87). Sucrose, oligosaccharides

(raffinose and stachyose) and dietary fibre with its components were determined

according to the procedures described in detail by Slominskt et al. (lgg4).
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Digestible proûein content in Brassica seed meals was determned in vitro usrng

the digestion/dialysis unit and the procedure described in Part I (Manuscript nvo) of this

study.

5.2.3. Animal Experiments

True metabolizable energy (TMEn) and amino acid availabilities were determined

using the assay described by Sibbald (1986) with some modifications (Zhang et al.,

1994). Briefly, each Brassica seed meal sample was precision-fed (ZS g per bird) to a

group of 12 mature single comb white leghorn cockerels (45 weeks old) follow ng a 28

hrs fasting period. During the next 48 hrs, the excreta from each bird was collected.

The excreta samples were then frozen, freeze-dried, ground to pass through a 1 mm sieve

and'analyzed for gross energy, nitrogen (Kjetdahl) and amino acid content. Gross energy

was determined with the aid of an adiabatic bomb calorimeter (Parr Instrument Co.

Moline, Illinois, U.S.A.). The excreta from two groups of unfed birds was used to

determine the endogenous excretion of nitrogen and amino acids.

The nutritive value of Brassica seed meals was furttrer evaluated in a two-week

feeding trial with broiler chickens. One-day old Arbor Acres broiler chicks were

purchased from a local commercial hatchery and were placed in Jamesway brooder

batæries where they had free access to water and a commercial chick starter diet. On

day 4, the birds were fasted for 4 hrs before being individually weighed and placed in

five narrow-weight classes. Groups of five birds were then assigned to pens in petersime

brooder batteries in such a way that all pens had a similar initial weight. Each treatnent
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was randomly assigned to 7 replicates. From day 4 to day 18, the birds were fed

experimental diets. The bi¡ds had free access to water, feed and light throughout the

experiment. Prior to the 18-day weighings, the birds were fasted for 4 h. Feed

consumption was recorded at the end of the experiment to calculate feed-to-gain rations.

In formulation of the experimental diets, a concept of evaluating the biological

value of protein along with the overall quality of the meal was followed. Therefore, the

inclusion rate of wheat in the experimental diets was kept coruitant at 54% and the

contributio n of Brassic¿ seed meals to the total dietary protein content of 22% was from

30 to 34% (Table 13). No a¡nino acids were added to the experimental diets and the fat

(energy) supplement was kept constant so as to reflect the differences in TMEn contents.

Two diets containing the commercial meal from yellow-seeded canola variety Parkland

served as controls each with and without supplemental lysine and methionine. The

commercial brown-seeded canola was excluded from the broiler trial since the protein

content was too low to formulate a ration comparable to the other meals.

5.2.4. Statistical Analysis

All data were subjecæd to analysis of variance (ANOVA) using the general linear

models of statistical analysis system (SAS Institute, 1985) and the procedures of Snedecor

and Cochran (1980). Duncan's multþle range test was used to compare and separate

treafirent means (Duncan, 1955).
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5.3. RESI.JLTS AI..{D DISCUSSIONS

Total glucosinolate content tnall Brassica seed meals was well below the 30 ¡rmol

g-r meal upper limit and consequently all meals qualified for canola starus (Table 14).

The glucosinolate profiles of the laboratory prepared meals were comparable to those of

the commercial meals with the exception of B. juncea cv. 143t6 which showed a

relatively high proportion of 3-butenyl (gluconapin) and allyl (sinigrin) glucosinolares.

The indole glucosinolate contents in laboratory prepared B. rapa and B. tutpusmeals was

almost identical with the levels present in the commercial meals obtained from the same

species. It is well known that indole glucosinolates are susceptible to thermal

degradation during processing (Campbell and Slominski, 1990) and in this context the

degree of degradation in the laboratory processed samples was similar to that of

commercially crushed canola. This indicates that the heat applied for the processing of

laboratory meals was comparable with that used in the commercial crushing operation.

Crude protein, cartohydrate, dietary fibre, minerals and fat contents of Brassica

seed meals are shown in Table 15. The high protein content in the meals derived from

B. napus cv. Y1016 and cv. Excel, and B. juncea cv. J4316 is in agreement with our

earlier data and was one of the quality characteristics upon which the samples were

selected for this study. The protein content in the laboratory prepared meal from B. rapa

cv. Parkland was similar to that of the commercial meal obtained from the same variety.

The commercial meal from brown-seeded canola had the lowest protein content. In a

survey of chemical composition of commercial meals produced in Vt/estern Canadian
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crushing plants, Bell and Keith (1991) reported crude protein to vary from 38.0 to

43.5% (dry matter basis). Such variation was mostly attributed to changes in soil and

seasonal environmental conditions. Variation in crude protein content due to varietal

differences was indicated by Finlayson er at. (1974), and similarly, Goh et al. (19g0)

reported crude protein content to vary from 36.2 to 40.0% (as is basis) in different

canola/rapeseed cultivars. It is of particular interest to note that ttre level of crude

protein in the commercial canola meal has been on a gradual decrease in the last few

decades @ell, 1993a) which may be auributed to the on going selection of canola

varieties towards high oil content in the seed.

The sucrose content in Brassica seed meals ranged fuom 6.2 to 8.0% and is

comparable with that reported by Theander and ^Aman (1976) for rapesee d (8. nnpus) and

turnip (8. rapa) meals. The current results are also in agreement with those reported by

Slominski et al. (I994a) for commercial meals from yellow- (8.7%) and brown-seeded

(6.7%) canola. The yellow-seeded B. nnpus and B. rapa meals were found to have the

highest sucrose content and with the exception of B. juncea cv. !4316, the yellow-seeded

samples had more sucrose than brown-seeded cultivars. The contents of oligosaccharides

was similar for all samples with only minor differences between yellow- and brown-

seeded canola.

There was some variation in dietary fibre content among the samples with yellow-

seeded B. rnpus cv. Y1016 showing significantly lower values. Small differences in the

total fibre content between brown-seeded B. nnpus (33.0%) and yellow-seeded B. rapa

canola (32.IVo) is in agreement with earlier reports from this laboratory (Slominski er
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al., 1994a). In this regard, a higher content of NSP at the expense of other fibre

components (ie., lignin and polyphenols, cell wall protein and minerals) appears

responsible for small differences in the fibre content between yellow-seeded B. rapa and

brown-seeded B. tutpus canola. The yellow-seeded B. napus cv. Y1016, however,

showed lower NSP content than its brown-seeded counterpart. The B. juncea sample

showed a similar high content of NSP to B. rapa, which may be indicative of the smaller

size of the cells in the cotyledons. This was further substantiated by similar contents of

glucose and uronic acids (Table 16) in the NSP profiles of B. rapa and B. juncea as

both sugars are known to be the major components of the cell wall polysaccharides

(Slominski and Campbell, 1990).

The ash content was highest in the two commercial meals and within the range

commonly found in commercial canola meal @ell and Keith 1987; Bell et at., l99L).

The high ash content in the commercial meals may reflect the presence of various

admixtures (i.e. sand, dust particles and other foreign materials) common for the

cntshing operation of canola seed (Unger, 1990) rather than the mineral content per se.

Fat levels varied among the samples and the amounts found in the commercial meals

were a reflection of gums being added back to the meal following oil refining (Bell,

1984) while in the laboratory prepared meals the fat levels were an indication of

incomplete oil extraction.

To eliminate the influence of crude protein when evaluating protein quality of the

meals, the amino acid composition was expressed in grams per 16 gr¿rms of total nitrogen

(Table 17). The results on individual amino acids showed no statistical differences
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among meals with regard to valine, methionine, isoleucine, leucine and histidine

contents. The composition of other amino acids, however, differed variably among

meals with no defined pattern. A closer look at individual amino acids indicated a trend

toward lower amino acid values in B. juncea and the brown-seeded commercial meal

which may be responsible for the numerically lower total amino acid content in these

meals.

The results of in vitro protein digestibility are shown in lable 18 and indicate no

major differences among the samples. In general, the digestible protein content was

slightly higher than that reported in part I of this study. Differences in the results of the

two studies may be explained by variations in the processing conditions, especially that

samples utilised in this study were moist heat treated at 108 t l oC for 20 minutes, the

conditions established as optimal for improved meal quality. Since the total protein

content was significantly higher for B. rutpus (cv. Excel and Y1016) and B. juncea (cv.

14316) canola, the digestible protein, as expressed on a meal dry matter basis, was

significantly higher for the two B. ntlpus samples, regardless of the seed coat colour, and

for the B. juncea sample. On the same basis, the true available total amino acid contents

were also highest for the three samples with a less pronounced difference between the

B. iuncea sample, the nvo commercial meals and the B. rapa sample. The tnre total

amino acid availabilities, as expressed n Vo of total protein content, ranged from 82.2

to 86.0% with a mean value of 84.2%. On average, these values were slightly higher

than the true a¡nino acid availability fTgures reported by Zupraal et al. (1991b) for oil

free meal, ranging from 73. I to 96.7Vo with an average of $O.lVo. On the other hand,
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the results of the current study were considerably lower than those of Barbour and Sim

(1991) who reported true available amino acid content ranging from 79 to 98% with a

mean value of 9t%. The results on true availability of individual amino acids (Table 19)

corroborate those of amino acid composition since they also indicate only minor

differences among meals in the tn¡e availability of most amino acids. The relatively high

dþstible protein and available amino acid contents in the B. juncea sample do not

confirm the poor protein dþstibility in this species as earlier deterrrined at the tenninal

ileum of the pig by Bell (1994, personal communication). In contrast, the results of this

study indicate the potential usefulness of B. juncea as a proûein source for monogastric

animals. As, to date, B. juncea is not available as a cornmercial meal, the low quality

meal reported by Bell would have been a laboratory-prepared meal and as such could

have been processed under the mild heat treatment conditions.

In general, the true metabolizable energy (TMEn) values for laboratory prepared

meals were higher than those for the commercial meals with the yellow-seeded B. nopus

sample showing the highest energy content (Table l8). Among the commercial meals,

the yellow-seeded sample had a significantly higher TMEn value. This is in contrast to

our earlier report which indicated the yellow- and brown-seeded commercial meals to

have similar TMEn contents (9.71 vs 9.57 Mj kg-t) (Campbell et al., 1995). The currenr

results for the two commercial meals, however, were higher than the 8.22 Mj tg-t value

reported by Barbour and Sim (1991). Differences in the processing of canola seed and

more specifîcally the extent of oil extraction may be in part responsible for such

va¡iation. In the cunent study, however, the residual oil content in the laboratory



t07

prepared yellow-seeded B. turpus cv.Y1016 was lower than in its brown-seeded

counterpart and yet the available energy content was signifîcantly higher. Since the

protein contents in both B. rwpus samples were identical, the higher sucrose content and

more digestible fibre may explain the improved energy availability for this particular

meal.

The results of the two-week performance of broiler chickens fed Brassica seed

meal-based diets are shown in Fig. 20. There were no significant differences in the

weight gain of broiler chickens fed the commercial yellow-seeded canola (Control B), B.

rapa meal cv. Parkland and two B. nnpus samples cv. Y1016 and cv. Excel. There was,

however, a significant reduction in the body weight gain of chickens fed the B. junceø

meal. A similar pattern was not necessarily followed by the feed-to-gain ratio, with the

yellowseeded B. tutpus cv. Y1016 canola showing the best feed efficiency value. This

was followed by B. rapa cv. Parkland, with the B. juncea sample showing a similar feed-

to-gain ratio to that of the brown-seeded B. napus canola or the control meal without

supplemental amino acids. Since in this study the B. juncea meal was found to be high

in protein and showed a good protein digestibility value and true available energy and

amino acid contents, the only factor related to the poor perfonnance of broiler chickens

appeared to be a relatively high content of aliphatic glucosinolates in this particular meal.

The chickens fed the commercial meal from yellow-seeded B. rapa canola supplemented

with lysine and methionine (Control A) had a significantly higher weight gain and feed-

to-gain ratio than broilers fed the same meal without supplemental amino acids (Control

B). This is in support of earlier fïndings which demonstrated the amino acid imbalance
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being responsible for the overall poor perforrnance of chickens fed canola meal-based

diets (Iæslie and Summers, 1975; I-eslie et al., 1976). The use of the two control diets

also served to demonstrate that the experimental design effectively reflected differences

in diet quality.
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TABLE 13. Composition and calculaæd analyses of Brassica seed meal diets used in the broiler
chicken growth trial (4-18 days).

Diet

Commercial
meal

Ingredients (%) "yellow"
control A

Commercial
meal B. rapa B.napus B. nnpus

"yellow" "yellow" "brown" "yellow"
Control B cv.Parkland cv.Excel cv.Y1016

B. juncea
"yellow"
cv.J43L6

Wheat

Brassicameal

Vegetable oil

Limestone

Biophosphate

Vitamin premixr

Mineral premix2

Starch

Lysine

DL-methionine

Total

55.80

32.00

7.65

L.4l

1.20

1.00

0.50

0.37

0.07

r00.00

12.97

22.00

r.11

0.50

0.46

r.00

0.45

54.00

33.70

7.90

1.40

1.15

1.00

0.50

0.35

100.00

12.97

22.00

0.91

0.43

0.47

1.00

0.45

54.00

33.70

7.90

1.40

1.15

1.00

0.50

0.35

100.00

13.15

22.N

0.89

0.40

o.46

1.00

0.45

54.00

29.70

6.30

t.45

1.25

1.00

0.50

5.80

100.00

13.10

22.M

0.89

0.40

0.51

1.01

0.45

54.00

29.50

6.20

L.45

1.25

1.00

0.50

6.r0

100.00

13.26

22.00

0.97

0.37

0.45

1.00

0.45

54.00

30.10

6.50

1.45

1.23

r.00

0.50

5.22

100.00

13.08

22.00

0.88

0.42

0.49

1.00

0.45

Calculated composition

Energy, Mj kg't

Prctetn, %

Lysine, %

Methionine, %

Cysttne, %

Calcfiim, %

Available P.
t Provided per kg diet vitamin e, SZ

0.012 mg; viumin K, 1.1 mg; niacin, 53 mg; choline, 1020 mg; folic acid, 0.75 mg; biotin, 0.25
mg; riboflavin, 5.5 mg.
2 Provided per kg diet: manganese, 55 mg; zinc, 50 mg; iron, B0 mg; copper, 5 *g; selenium,
0.1 mg; iodine, 0.36 mg and sodium, 1.69.
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TABLE 14. Glucosinolate content of Brassica seed meals ?tmolg-t dry maúer).

Brassíca seed meal

Glucosinolate
Commercial B. rapa

meal "yellow"
"yellow" cv.Parkland

Commercial B. rutpus
meal "brown"

"brownn cv.Excel"

B. rapus B. juncea
"yellow" "yellow"
cv.Y1016 cv.J4316

allyl

3-butenyl

4-pentenyl

2-OH-3-butenyl

2-OH-4-pentenyl

3-indolylmethyl

4-OH-indolylmethyl

4-OH-benzyl

0.11

3.0

1.8

4.9

0.7

nd

2.3

5.8

nd2

3.0

2.7

5.5

0.9

nd

2.3

nd

nd

2.3

0.5

4.8

0.2

0.6

4.2

2.0

nd

2.3

0.5

4.6

0.1

0.3

3.5

nd

nd

1.8

0.5

4.6

0.2

0.5

3.8

nd

t.2

16.1

L.2

1.8

0.1

nd

1.3

nd

Total3 19.6b 14.5 14.6c ll.4d tl.4d 2t.7^

I Mean of duplicate deærminations; 2 Not detected; 3

significantly different (P < 0.05).
Means with different superscripts are
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TABLE 15. chemical composition of Brassic¿ seed meals (% of dry matter).

Brassica seed meal

Component
Com¡nercial B. rapa

meal "yellow"nyellow" cv.Parkland

Commercial B. tuopus

meal "brown"
"brown" cv.Excel

B. napus B. juncea
'yellow' "yellow"
cv.Y1016 cv.J4316

Crude protein

Sucrose

Oligosaccharides

Dietary fibre

NSP'
othef

Ash

Fat

41.0b

7.9^

3.1"

22.U
9.4

g.0b

3.2

40.2æ

7.4b

3.0'b

2L.8^
10.3b.

7.2

3.gb

38.4.

7.0

2.8b.

17.8b.
15.1.

8.4^

4.0b

46.1^

6.2"

2.9b"

16.9
16.1"

6.6d

5.3"

46.1^

8.0"

2.9ù

19.lb
10.2b.

7.2

4.0b

45.3^

6.6d

2.6

2L.2^
10.7b

7.3

3.2

Total3 90.0" 89.8" 89.0. 94.7^ 92.gb 92.6b

I Non-starch polysaccharides; 2 Includes tignin, polyphenols, cell wall protein and minerals
present in the neutral detergent fibre residue; 3 Corrected for cell wall protein and minerals
present in the dietary fibre fraction. "{ Means wittr different superscripts within rows are
significantly different (P< 0.05).
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TABLE 16. Non-starch polysaccharide profiles of Brøssic¿ seed meals (mg g't meal).

Brassica seed meals

Component
sugar

Commercial B. rapa
meal "yellow"

"yellow" cv.Parkland

Commercial B. napus
meal "brown"

"yellow" cv. Excel

B. napus B. juncea
"yellow" "yellow"
cv.Y1016 cv.J4316

Rha¡nnose

Fucose

Arabinose

Xylose

Mannose

Galactose

Glucose

Uronic acids

L.7ú

2.7^

45.8"

20.8^

5.0"

18.9"

65.9"

59.0'b

1.53b

2.53^

45.6tr

18.15'b

4.30b

t7.4gb

&.93ú

63.45^

1.49b

2.LLb

45.05.

16.ßú

4.10b"

15.63"

56.58b.

48.92

1.40b

2.05b

37.30b

15.85b.

3.69d

15.03.

52.30

51.62æ

1.40b

1.ggb

40.05b

L3.78

3.49d

14.80"

47.97"

45.10.

1.80"

1.91b

45.30^

14.93

3.90d

18.43'

66.35^

59.26ú

a{ \{sans with different superscripts within rows are significantþ different (P r 0.05).
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TABLE 17. Arnino acid ition of Brøssíc¿ seed meal (g 16 g N't).

Brassica seed meal

Amino acid
Corn¡nercial

meal
"yellow"

B. rapa Commercial B. nrryusnyellow" meal nbrown"

cv.Parkland "brown" cv.Excel

B.napus B. juncea
"yellow" "yellow"
cv.Y1016 cv.J43l6

Aspartic acid

Threonine

Serine

Glutasric acid

Proline

Glycine

Alanine

Cystine

Valine

Methionine

Isoleucine

Iæucine

Tyrosine

Phenylanine

Histidine

Lysine

Arginine

6.76"

3.53"

4.79æ

14.24

5.93b

4.65ù

4.23b

2.Ogd

3.2t

1.88

2.47

5.90

3.M^

4.89.b

2.95

4.83"b"

5.05"

6.83"

3.58"

4.97ù

14.82ù

6.09.b

4.72

4.30.b

2.t6.d

3.27

2.04

2.38

6.02

3.12

4.95^

3.42

4.97^

5.1lb

6.10.

3.37ù

4.69"

14.61b

6.22^

4.38

4.22b

2.47^

3.20

r.90

2.51

5.83

2.ggú

4.65

3.00

4.76b"_

5.03.

6.84^

3.52^

4.89^

L5.02^

5.82b

4.60b

4.34^

2.26b"

3.38

1.91

2.57

6.05

3.04"

4.80.b.

3.46

4.95ú

5.45ú

6.66^

3.39"b

4.75

t4.M,

5.99"b

4.59b

4.24ù

2.29b

3.16

2.M

2.46

5.88

3.M^

4.55

2.65

4.65

5.25ú

6.37b

3.25b

4.56d

L4.L9

5.93b

4.4
4.M

2.32b

3.00

1.78

2.46

5.7t

2.95b

4.7w
2.96

4.39d

5.6tr

T9F , 80.56 S3.83 ?9

: a{ Means with different superscrþts within ro\rys are significantly different (p < 0.05).



ll4

TABLE 18. Digestible protein and true available amino acids and menbolizable energy contents
of Brassica seed meals.

Brassica seed meals

Iæm
Commercial B. rapa

meal nyellow"

"yellow" cv.Parkland

Commercial B. tutpus
meal "brown"

"brown" cv.Excel

B. napw B. juncea
"yellow" "yellow"
cv.Y1016 cv.J4316

Digestible proteint

- % of total 75.8

- % of dry matter 33.5b

Available amino acids2

- % of total 84.6"b"

- % ofdry matter 30.1"

Metabolizable energf

- Mj kgt 8.83" 9.26b 8.50d 9.18b g.7t' 9.01b.

73.5

31.6.

73.8

31.4

82.2d

29.3

83.2d

29.7r

76.5

36.6^

86.tr

33.6^

73.4

36.7^

g4.g"b

33.eb

75.8

36.6^

84.0b.

3t.6

1 Deterrrined in vitro;2 Determined in vivo.
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TABLE 19. True amino acid availabilities of Brassica seed meals (%)

Brassica seed meal

Amino acid
Commercial B. rapa

meal "yellow"
"yellow" cv.Parkland

B. napus B. napus B. juncea
"brown" "yellow" "yellow"
cv.Excel cv.Y1016 cv.J43L6

Commercial
meal

ttbrowntt

Aspartic acid

Threonine

Serine

Glutamic acid

Proline

Glycine

Alanine

Cystine

Valine

Methionine

Isoleucine

Leucine

Tyrosine

Phenylanine

Histidine

Lysine

Arginine

80.09

79.41

80.09"b

90.36

81.30

81.83.b

85.82.b

73.47b

81.95 b

96.1.1

85.62b

88.28.b

83.7t

88.78"

81.21

77.67ub

88.01

82.69

79.88

81.80.

90.87

82.33

82.98ub

86.06"b

76.ggub

81.lgb

9s.33

84.67b

87.35b.

82.95

87.48abc

75.84

78.81"b

88.92

82.59

80.25

81.72^

90.85

85.34

84.69^

87.32^

81.99"

85.80"

95.86

89.03"

89.03"

84.26

88.17"b"

72.1,3

80.75"

88.97

82.48

77.80

78.51b

89.s9

84.08

g0.g3b

94.16b

74.76b

79.43b

95.44

81.30"

84.44.

82.29

85.79"

81.96

7g.1g"b

86.92

81.85

78.24

79.79ub

89.91

83.33

91.46b

85.8l"b

73.55b

90.26b

97.53

83.47"d

86.43"d

80.77

86.18b"

70.27

76.23b

82.82

80.57

77.79

79.32b

89.91

84.25

90.01b

84.40ub

76.79^b

7g.6gb

97.22

83.25b"

95.62d

83.55

88.42ub

79.66

77 32^b

87.48

tTotal true available amino acid values were as shown in Table L8. u-dMeans with different
superscripts within rows are significantly different (P + 0.05).



FIGURE 20. Overall weight gain and feed efficiency of broiler chickens fed whealBrassica
seed meal based diets from 4-18 days of age.
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6. II{ANUSCRIPT FOTJR

The Effects of Protease and Carbohydrase Supplementation on the Nutritive Value ,

of Canola Meål for Poultry: ín Vítro and iz Viya Studies.
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ABSTRACT

An in vitro tncubation system was used to assess a variety of enzyme preparations

regarding activities toward protein and carbohydraæ components in canola meal with the

objective of identifying those preparations that possessed potential for improvement of

the nutritive value of canola meal. Promising preparations were evaluated further in 2-

week growth trials utilizing 4-day old broiler chickens. Entranced protein hydrolysis was

demonstrated for several of the protease enzyme preparations studied in the in vitro

incubation system. Protein hydrolysis was most effective when either pancreatin or

pronase were included in the incubation medir¡m along with the protease enzyme and for

the most effective protease preparations values for percent of total protein hydrolysed

exceeded those for pancreatin or pronase acting alone. The effective protease

preparatiors also resulted in improved broiler chick growth performance when added to

semi-purified or conventional canola meal diets. While some carbohydrase enzyme

preparations were shown to be effective in the in vitro test of cell wall polysaccharide

solubilization, only a trend toward improved grourt[ performance was noted when broiler

chickens were fed semi-purified canola meal diets containing these enzyme preparations.

A synergistic response in growth of young (4-11 days of age) broiler chickens was noted

when phytase, carbohydrase and protease enzymes were added to a whealcanola meal-

based diet deficient in available phosphonrs.

Key words: Canola meal, protease and carbohydrase eDzJmtes, protein digestibility,

dietary fibre.
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6.1. INTRODUCTION

The unrestricted use of canola meal as a high quality protein supplement in

poultry and other rapidly growing monogastric animals is limited by low avaitable energy

and protein content. The metabolizable energy contenr of canola meal ranges from 2000

kcaVkg for poultry to 24OÙ and2700 kcal/þ, respectively for ruminants and swine and,

on average, is 280 kcal/kg lower (as fed basis) than that of 44% soybean meal. Excreta

apparent protein digestibility in canola meal based diets averag es 74% in poultry

(Thomke etaL.,1983; BellandKeith, L9B7;zupúzrrletal.,1991) andTgvo ingrowing

pigs @ell et al., 1991; Sauer et a1.,1991).

Inversely related to metabolizable energy and protein contents are fibre

components of canola meal which include cellulose (4-6%), ooo-oùutori.

polysaccharides (13-16%),lignnwith associated poþhenols (8%), and prorein (g.S%)

and minerals (l%) associaæd with the cell walls (Slomir¡ski ¿¡6 QemFbell, 1990;

Slominski et al., 1994). Selection for a yellow seed coat colour, dehulling of canola seed

or the use of exogenous enzymes as feed additives are among recent approaches

undertaken in an attempt to reduce the fibre content, increase ttre proæin content and

improve nutrient utilization;'

Application of cell wall degrading enz5mes bas been proven beneficial in

improving digestibilþ of canola potysaccharides in poultry (Slominski and Campbell,

1990) and in facilitating the extraction of canola oil in the aqueous extraction process

(Olsen, 1987; Sosulski et al., 1988). It is believed that the use of carbohydrase enzymes
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in animal nutrition would reduce the nutrient encapsulating effect of the cell walls

@edford and Classen, 1992; Graham and Pettersson, 1992) and could further increase

the nutritive value of feedsnrffs by rendering the cell wall polysaccharides available for

hindgut ferment¿rion (Chesson, 1993).

Although the use of supplementary enzymes in animal nurition has increased

considerably in recent years, most of the investigations on this subject have been on

cereal based diets, where bacterial and fungal enzyme preparations are used to alleviate

mixed-linked p-glucan and arabinoxylan anti-nutritive effects @etterson and Äman, 1989;

Classen et a1.,1991; Campbell and Bedford, 1992). The use of phytase preparations has

also increased in recent years in an attempt to reduce the negative effects of phytic acid

and to improve the availabitity of phoqphorus and to reduce phosphorus excretion

(Chesson, 1993). Some consideration has also been given to the application of c-
galactosidase (Slominski, 1994). The use of proteases to further improve the productive

value of feedstuffs by complementing the animat's own dþstive system and to hydrolyse

certain types of protein which are resistant to endogenous secretory enzymes has also

been proposed (Inborr, 1990; Classen et a|.,1991).

The objective of this study was to evaluate a wide range of enzymes for their

abitity to hydrolyse canola meal protein and carbohydraæs in vitro and to explore the

poæntial for improving the nutritive worth of the meal by supplementing broiler chicken

diets with the most active preparations. The effect of protease and carbohydrase enzymes,

acting in concert with phytase, was also investigated.
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6.2. MATERIALS AI..{D METHODS

6.2.1. Materials

Commercial protease preparations A, B, D, E, F, G, H, J, K, L, M, N and O

were obtained from a number of different sources including Finnfeeds International Ltd.,

Marlborough, U.K., Novo Industri A/S, Bagsvaerd, Denmark, Enzyme Development

corp., New York, u.s.A. and Alltech Inc., Nicholasville. Ky, u.s.A. A pancreatin

preparation (P-1750) from porcine pancreas and pronase (P-6911) from Steptomyces

grisew were obtained from Sigma Chemical Co., St. I¡uis, Mo, U.s.A. and were used

as reference proteases. Eight carbohydrase preparations (Carbohydrases A to þ were

obained from Finnfeeds Inærnational Ltd., Marlborough, U.K. Energex, a commercial

carbohydrase from Novo Industri A/S, Bagsvaerd, Denma¡k, was used ., . ,rf.r"oæ

preparation in the in vitro evaluation of cell wall degrading enzymes. Nafirphos, a

phytase preparation was supplied by Gist-brocades, Delft, Holland. Xylanase premix

from Finnfeeds Inærnational IJd contained xylanase fromTrichoderma longibrachiatum.

Samples of conventional canola meal were obtained from a local crushing plant

(CanAmera Foods, Altona, MB, Canada).

6.2.2.In vitro evaluation of protease enzymes

The evaluation involved the incubation of canola meal with an enzyme preparation

in the presence or absence of pancreatin or pronase enzymes.
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In the standard assay procedure, 5 g of canola meal was incubated with 25 mg

of the protease under study in 150 ml of phosphate buffer (0.1 M, pH 7.0) conraining

0.02Vo sodium azide. The assay was performed under continuous mixing in a controlled-

environment shaker (New Brunswick Scientific Co. Btison, NJ, U.S.A.) for 6 h at

40oC. At the end of incubation period, the samples were centrifuged at 7000 x g for 30

minutes at2"C. The supernatants were decanted and filtered. The meal residues were

then washed with 50 ml of distilled water and the contents were centrifuged again. The

supernatants were pooled and placed in pre-soaked dialysis tubes (Spectn¡m, Houston,

TX, U.S.A.) with a molecular weight cut-off value of 12000 - 14000. The sealed

membrane tubes were subjected to dialysis against distilled \ryater for 72 h at 2oC on

continuous stirring. The water was changed nine times at regular intervals. The meal

residues and the retentates from the dialysis tr¡bes were then frozen, freezedried and

amlyznd.for crude protein using the Kjeldahl procedure @rocedure 7.021) as described

in Association of Official Analytical Chemists (1990). In vitro prorein hydrolysis was

calculated by subtracting the amount of protein remaining in the meal residue and the

dialysis nrbe (retentaæ) from that present in the original meal.

Additional evaluation involved incubation of canola meal with an appropriate

commercial protease in the presence of pancreatin or pronase added to the incubation

medium at 5 mg/g of meal. The inclusion rates were justified based on preliminary

sh¡dies in which both pancreatin and pronase showed maximal hydrolysis of canola

protein under the assay conditions described above.
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6.2.3.In vitro evaluation of carbohydrase enzymes

The evaluation involved the incubation of canola meal with carbohydrase enzyme

preparation in the presence of pancreatin and the determination of the total water-soluble

carbohydraûe content of the final incubation medium with and without added

carbohydrase. Pancreatin was included in the assay to facilitate polysaccharide

solubilization as recom¡nended by Slominsy,t et al. (1993).

In the assay, 5 g of canola meal was incubated for 5 h, under continuous mixing,

with 25 mg of carbohydrase preparation and 25 mg of pancreatin in 100 ml of either

distilled water (pH 5.3) or phosphate buffer (0.1 M, pH 7.0) at 40 oC. Following

centrifugation (7000 x g, 30 min), the solutions were filæred through MSI filærs (0.22

pm). Soluble carbohydrates \pere determined by high-performance size exclusion

chromatography on a TosoHaas TSK-GEL G5000-PWIX column. The column was

maintained at 40"C and eluted with either deionized water or phosphate buffer çlH 2.0,

0.1 M) at a flow rate of 0.5 mymin. Sample volumes of 10 ¡rl were injected onto the

column through a Rheodyne iqiection valve. The eluate was monitored using a Shimadzu

RID-64 refractive index deæctor and the carbohydraæs \ryere quantified using a Shimadzu

C-R4A Chromatopac integrator. Pure pectin, pullulan, arabinogalactan, stachyose and

sucrose (Sigma Chemical Co.) were used as reference compounds. Enzyme activity was

expressed as miligrams of solubilized carbohydrate per milligram of enzyme preparation.
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6.2.4.In vivo enzyme evaluation

Two-week feeding trials with 4-day-old broiler chicks were employed to snrdy the

effect of adding exogenous protease, carbohydrase and phytase enzymes on the nutritive

value of canola meal diets.

Oneday-old vaccinated (Marek's) male, A¡bor Acres broiler chicks were obtained

from a local commercial haæhery. From Day I to 4, the birds were housed in Jamesway

chick batæries and fed a commercial chick starter diet containing 20% proæn. On Day

4, birds were individually weighed and placed into narrow weight classes. Groups of

five birds were then assigned to pens in Petersime brooder batæries such that all pens

had a simil¿¡ initial weight. Each treatment was randomly assigned to 7 replicates

(pens). From Day 4 to 18, the birds were fed experimental diets that were in a mash

form. The birds had free access to water, feed, and light tbroughout the experiments.

Prior to the 11- and 18-day weighings, the birds were fasted for 4 h. Feed consumption

was recorded for Weeks I and 2 in orderto calculate weekly and overall feed intakes and

feed efficiency values.

In fonnulation of experimental diets, some consideration was given to the

nitrogen-to-protein conversion factor for canola meal. The practice of calculating protein

content by multþlying the nitrogen content by 6.25 is widely used in ration formulation

and derives from early research on protein of animal origin known to contain around

16% nitrogen. I¿ter work by Tlrachuk (1969), however, indicated the poûential for

zubstantial overestimation of protein content in many feedstr¡ffs when using the 6.25

factor. As the objective of the current study was to enhance the nutritive value of canola
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meal by enzyme supplementation, it appeared essential to formulate the diets based on

a true protein value. Thus, five different samples of canola meal were analyzed for

amino acid content (Andrews and Baldar, 1985) and the values were compared with those

of nitrogen content as determined by a standard Kjeldahl procedure. A nitrogen-to-

protein factor of 5.83 (Table 20) was deærmined and this factor was used in the

formulation of the canola meal diets.

6.2.4.1. Experiment I

An experiment was conducæd to detennine the effect of supplemental proteases

on the performance of broiler chicks fed a semi-purified canola meal-based diet

çsa1¿ining a zub-optimal a¡nount of total protein (Table 21, Diet 1). Based on in vitro

data, Proteases G, D, M, N and O were selecæd for this trial as being the most potent

preparations.

6.2.4.2. Experiment 2

An experiment was conducted to deærmine the effect of proteases G and M

supplemenation on broiler chick performance when fed either an optimal protein Q27o)

diet (Table 21, Diet 2) or a low protein (17%) diet (Table 21, Diet 3). Proteases G and

M were chosen fe¡ rhis study and were incorporated into the semi-purified canola meal

diets at levels of 0.02% and 0.O5Vo, respectively.
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6.2.4.3. Experiment 3

The performance of broiler chicks fed a semi-purified canola meal-based diet

containing a sub-optimal amount of protein was srudied in an experiment involving the

use of carbohydrase enzymes. Carbohydrases G, F, and H were selected for this study

since the highest activity toward canola cell wall polysaccharides was demonstrated for

these erzyme preprirations. The enzymes were supplemented at the 0.05Vo level to the

same diet as that used in Experiment I (Table 21, Diet 1).

6.2.4.4. Experíment 4

An experiment was conducted to determine the effect of dietary protease

supplementation on the performance of broiler chicks fed a practical wheat/soybean-

based diet (Tabte 22,Diet4) and a wheaUcanola-based diet (Table 22, Díet5). Piotease

G inclusion rates were 0.02Vo for the wheat/soybean diet, and 0.02Vo and 0.05% for the

wheaUcanola-based diets. A xylanase enzyme preparation (Finnfeeds International Inc.)

was included in all diets to eliminate any potential anti-nutritive effects of the viscous

polysaccharides present in wheat.

6.2.4.5. Experíment 5

The synergistic effect of enzryme preparations was studied in an experiment

involving the use of both protease G and carbohydrase G preparations acting in concert

with a phytase enzyme preparation. The enzymes were added to a phosphorus deficient

(0.35% available P) negative control whealcanola-based practical diet (Table 22, Diet
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6). Inclusion rates for protease and carbohydrase enzymes were 0.01Vo and O.OS%,

respectively. The dietary level of 0.01% of phytase enzyme was justified based on

preliminary studies conducted in this laboratory. A whealcanola meal-based diet

containing 0.45% available phosphorus (Table 22, Diet 6) served as a positive control.

6.2,5. StatÍstical analysis

Data were subjected to ANOVA (SAS Institute, 1985) and treatment means

separated using Duncan's multiple comparison test (Snedecor and Cochran, 19S0).

6.3. RESI.JLTS AND DISCUSSION

6.3.1. In vítro evaluatìnn of proteøse enrymes

Incubation of canola meal with various commercial proteases resulted in a varying

degree of protein hydrolysis (Table 23). Among the enzymes studied, Proteases G, N

and O showed the highest digestibility values which were equal to or higher than that for

pancreatin acting alone. Other proteases that showed some potential for in vitro protein

hydrolysis included the preparations D, J, and M. When evaluated in combination with

pancreatin, Proteases G, D, M and N exhibited the highest activities towards canola

protein. The same preparations were also superior when evaluated in combination with

pronase. The relatively high rate of hydrolysis observed for the latter combination was,
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in part, due to a high protein hydrolysis by pronase alone. In this regard, the pronase

preparation consists of a combination of exo- and endopeptidases and has been shown to

effectively hydrolyse plant protein to constituent amino acids (Brill oùet et a/., 1988). In

contrast, pancreatin has been shown to be unable to hydrolyse protein to free amino acids

or to di- and tripeptides due to the lack of presence in the preparation of a variety of

peptidases (e.g. aninopeptidase N) (Boisen and Eggum, 1991). The lack of ability of

pancreatin to completely hydrolyse protein was evident in the current study since

following incubation of canola meal with pancreatin the amount of soluble protein and/or

polypeptides remaining in the dialysis rube (12000-14000 MWCO) averaged 23Vo of the

total protein content. Given that adequate peptidases are produced in the brush border

inæstinal cells of animals it is reasonable to assume that the soluble protein and

polypeptides produced in the invitro assay would be completely hydrolysed to constituent

amino acids in vivo. With this assumption the extent of protein digestion with the

pancreatin preparation becomes 67.6% (ie., 44.6Vo + 23.0%) and is simil¿¡ to protein

digestion determined in vivo at the ileal level (Grala et al., 1993). IVhen calculared in

¿ simil¿¡ mãnner the protease preparations (G, D, M, N and O) chosen for fi¡rther ¡z

vivo study showed the highesr protein dþstibility values (7s% on average).
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6.3.2. In vitro evaluafíon of carbohydrase-lÍke enrymes

Carbohydrase activities as determined by monitoring the increase in water-soluble

carbohydraæ content fotlowing incubation of canola meal with various enzyme

preparations is shown in Table 24. Hydrolysis and/or solubilization of cell wall

polysaccharides is assumed to be resporuible for an increase in the soluble carbohydrate

fraction. The overall low activity levels, however, a¡e in agreement with the suggestion

that cell wall degrading enzymes exert their effects by a relatively slow mechanism of

surface peeling (Hotten, 1991). Thus, as indicated in our earlier research (Slominski er

at., 1994a), a high degree of cell walt lignification would appear to be a limiting factor

to effective cell wall disnrption in canola. Among the preparations tested in the current

sûrdy, three carbohydrases (F, G, and H) were found to be more active than Energex,

the reference carbohydrase. The latter preparation has been reported to contain a

complex of cell wall degrading enzymes (Massiot et a|.,1989; Slominski ¿¡d Çampbell,

1990), and is recommended by the manufacturer for the enhancement of the nutritive

value of soybean meal. In the current study, the Energex preparation showed a level of

activity comparable to that determined earlier (Slominski et a1.,1993). Similarly to our

earlier research, the carbohydrase activities were lower at pH J.Q rhan at pH 5.3, which

is in agreement with the fact that many fungal enzryme preparations have optimum

activity at a low pH. Thus, it is uncertain to what extent the carbohydrase enzymes

would exert their effects t¡nder the gastrointestinal üact environment since the residence

time of dþsta in zuch compartments as the crop, proventriculus and, gizzard is relatively

short (Shires et al., 1987). In this regard, three of the enzymes (carbohydrases F, G and
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H) with the highest activity toward cell wall polysaccharides were chosen for further

testing in vivo.

6.3.3. In vivo enzyme evaluation

The results of the two-week performance of broiler chicks fed semi-purified

canola meal-based diets supplemented with protease preparations (Experiment 1) are

given in Table 25. There were no differences in chick performance between the first and

second weeks of the experiment and hence, only overall data are reported. Protease

supplementation had only a slight effect on feed intake with onty Protease N showing a

significant (P<0.05) reduction in feed consumption as compared to Protease G (O.OOZV¡)

and Protease O (0.05%). There was no significant effect of protease enzTmes on body

weight gain although zupplementation of the diet with Protease G at0.02Vo inclusion rate

numerically increased body weight gain which then appeared to account for an

improvement in feed efficiency associated with this enzryme. A similar, although not

significant, increase in weight gain was noæd for the diet supplemented with 0.05% of

Protease M. Supplemenation of canola meal diets with Protease G at the Q.ffiZVo dietary

level ænded to enhance feed intake but there was no effect on weight gain or feed

efficiency.

The rezults of the current study a¡e inconclusive in that some proteases showed

a reqponse and others did not. It is unclear whether the positive effects from Protease

G supplementation were related to augmentation of the enimal's own secretory capacity
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or due to the hydrolysis of certain types of protein not digested by endogenous enzymes.

As speculated by Chesson (1993), it is uncertain as to whether the newly hatched chick

is deficient inproteolytic erzymes, but some recent data (Noy and Sklan, 1995) indicated

a limited proteolysis in the young broiler chicks up ro 10 d of age. It is also possible

that some of the positive effects of protease supplementation may be related to initiation

of protein digestion in certain compartnents of the upper gut (i.e., crop) where norrrally

protein hydrolysis is minimal. This response could then result in more effective

hydrolysis of proæin and hence improved amino acid absorption from the duodenum and

the small intestine as a whole.

To explain the mode of action of proæase enzymes, Protease G and Protease M

were added to canola meal-based diets containing an optimal Q2Vo) or low (17%) level

of proûein (Experiment 2). It should be remembered that in the diet formulation, the

factor of 5.8 was used to convert nitrogen to protein content. Therefore, by conventional

standards, the so-called optimal-protein diet contained 23.3Vo protein and exceeded the

protein requirement of growing chicks as recommended by NRc (lgg4). The

performance from 4-18 days of age of broiler chicks fed diets containing the different

levels of protein with and without Protease G or Proæase M supplementation is shown

in Table 26. There were no significant differences among ûeatuent groups, although

positive tendencies, due to enzyme addition, were observed. Chicks fed enzyme

supplemented diets tended to have nr¡merically higher gains than those fed the confrol

diets. For the 22% protein diet, both proteases tended to have a lowering effect on feed

intake with chicks fed Protease G showing some improvement in feed efficiency, though
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not statisticalty significant. There were no differences with respect to feed intake, body

weight gain or feed efficiency between either of the enzyme treatnents and the control

diet at the low (I7 %) dietary protein level. An overall more effective protein digestion

throughout the whole gastroinæstinal tract, rather than the digestion of a specific type of

protein, would appear to be responsible for the slight difference (P<0.1) in chick

perforrrance following Protease G supplementation.

The effects of dietary zupplementation with Carbohydrases F, G and H on body

weight gain, feed intake and feed efficiency of broiler chicks fed a semi-purified canola

meal-based diet from 4-18 days of age are shown in Table 27. There was no

improvement in chick performance when the canola meal-bæed diet was supplemenæd

with either Carbohydrases F or H. Carbohydrase G, however, resulted in slightly

positive (P>0.05) effects on feed intake, weight gain and feed efficiency. Sinc€ in the

in vitro sn¡dies all three carbohydrases exerted similar activities toward canola cell wall

polysaccharides with Carbohydrase F showing the highest level of activity at bothpH 5.3

and 7.0, it is unclear why Carbohydrase G showed the most consistent positive trend j¿

vivo. As many commercial enzymes a¡e in fact crude preparatiotrs, it is possible that

Carbohydrase G contains some potentially beneficial activities other than pectinase or cu-

galactosidase. Both of these enzyme activities are present in the Carbohydrase G

preparation

The perfonnance from 4-18 days of age of broiler chicks fed conventional

wheat/soybean- and wheat/canola-based diets with and without protease supplementation

(Experiment 4) is shown in Table 28. In general, the response of chicks depended on
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the type of protein supplement, with soybean meal being superior to that of canola meal.

The total replacement of soybean meal by canola meal resulted in reduced body weight

gain of 7% whtch, however, was less pronounced (3% rúuction) and not significant

when 0.02% Protease G was incorporated into the canola diet. At this level, however,

Protease G showed a significant negative effect on feed consumption when soybean meal

was used as the main protein supplement. Although the reduction in feed intake resulted

in a lower body weight gain, there was a trend (P>0.05) to an increase in feed

efficiency for this particular diet. A similar, significant reduction in feed intake was

observed for chicks fed a wheat/canola meal-based diet supplemented with Protease G

at the high (0.05 %) inclusion rate. This finding is in agreemenr with our earlier research

in which a substantial reduction in feed intake was observed in laying hens fed canola

meal diets çe¡þining a0.05% protease supplement. simila¡ results have been reported

recently by Sebastian et al. (1994) for a protease supplemented corn/soybean meal-based

diet.

While it is unclear what mechanism is involved in feed intake reduction following

protease supplemenation, it seems probable that the same mechanism may have been

responsible for the decreased feed consumption associated with increased dieary protein

level demonstrated in Experimett 2. In both high dietary protein or protease

supplemenæd diets the zurplus supply of amino acids in the blood stream could result in

a reduced appetite and consequently a depression in feed intake. As dietary energy is a

more imporAnt regulator of feed intake than protein (Sturkie, 1986), it is probable that

the excessive supply of amino acids rezults in an elevated utilization of energy. A
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distinct difference benveen soybean meal and canola meal with respect to nutrient density

and dietary fibre content would suggest that soybean meal contains more protein which

is available for immediate dþstion. This could explain why the reduction in feed

consumption occurred at a low (0.02%) level of supplementary protease for soybean meal

while for the canola meal diet a high inclusion rate (0.05 %) was necessary ro

significantly affect feed intake.

The synergistic effects of protease, carbohydrase and phytase enzJ¡mes were

investigated in an experiment @xperiment 5) in which a wheat/canola meal-based diet

deficient in available phosphorus was fed to broiler chicks. As chick performance

tended to differ benveen weeks 1 and 2, both sets of data arc presented (Table 29).

During week I there was a significant difference in body weight gain and feed efFrciency

between the phosphon¡s deficient negative control diet (0.35% avail. P) and the positive

control (O.45Vo avail. P). Addition of phytase errzyme followed by phytase ¿sting in

concert with either Protease G or Ca¡bohydrase G and finally a combination of all three

preparations resulted in a progressive improvement in feed efficiency. In this regard, the

feed efficiency value along with body weight gain for the phytase, protease and

carbohydrase supplemenæd diet, were equal to values for the positive control and

differed significantly from the negative control. As the effect of phytase on chick

performance tended to be intermediate between the two control diets, both proæase and

carbohydrase preparations appeared beneficial in promoting chick grourth and feed

utilization. Improved performance of broiler chicts fed a blend of phytase, protease and

carbohydrase efizJmes confirms earlier findings of a more effective use of exogenous
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enzymes when applied in combination rather than individually (Massiot et al., 1989;

Classen et al., 1991; Chesson, 1993). The overall performance of broiler chicks,

however, was different from that of week 1, with the enzyme supplements showing less

pronounced effects when added to the phosphorous deficient diet. This could be

atfributed to the lower phosphorus requirement of broiler chicks at 11- to l8days of age

which, in the crurent study, was reflecæd in a similar overall performance of chicks fed

the two control diets (0.357o andO.45% available phosphorus). Simitu'resulrs were

reporæd by Simons et al. (1990) and Jongleod and Kemme (1990) who found a decline

inpositive response to phytase supplementation in two-week- as opposed to one-week-old

birds.

A potential for the development of an effective "cocktail" of enzymes for use with

canola meal diets in practical poultry feeding is indicaæd by the results of this ituAy.

However, more research is needed to develop an effective carbohydrase preparation and

to determine the synergistic effects and dose responses of protease, carbohydrase and

phytase enzJmes.
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TABLE 20. Calculation of nitrogen-to-protein conversion factors for samples of
commercial canola meal

Canola meal Amino acid content (%) Nitrogen (%) Conversion factor

A

B

c

D

E

38.4

38.34

38.56

34.78

34.54

36.93

6.581

6.æ6

6.523

6.0&

5.877

6.338

5.84

5.77

5.91

5.74

5.88

5.83Mean
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TABLE 21. Composition and calculated analysis of semi-purified canola meal diets
used in Experimenr I (Diet 1), Experiment 2 (Diet z and 3) and
Experiment 3 (Diet 1).

Diet

lngredients and Composition

Canola meal
Sucrose
Casein
Vegetable oil
Limestone
Biophosphate
Vitanin premixt
Mineral premix2
Methionine

TOTAL

Calculated compqsition

Metabolizable energy, kcal kg{
crude proûein, % (N x 5.8)
Lystne, %
Methionine, %

Calciltm, Vo

Available phosphorus, %

54.8
32.4

9.0
t.2
1.0
1.0
0.5
0.1

100.0

51.0
32.8
6.0
6.5
L.2
1.0
1.0
o.'

100.0

3050
22.0
1.34
o.s2
1.02
0.45

51.0
38.1

7.2
L.2
1.0
1.0
0_.5

100.0

3050
18.9
L.O2

0.47
1.00
0.47

30s0
17.0
0.95
0.37
r.02
0.45

I Vftamin premix provided per kilogram of diec viamin A, 8250 IU; vitamin D3 1000
IU; vitaminE, 1l IU; vitaminBr,0.012mg; vitaminK, l.l mg; niacin,53 mg; choline,
1020 mg; folic acid, 0.75 mg; biotin, 0.25 mg, riboflavin, 5.5 mg.

'z-|ainerat premix provided per kilogram of diet: manganese, 55 mg; zinc, 50 mg; iron,
80 mg; copper, 5 -g; selørium, 0.1 mg; iodine, 0.36 mg, sodium 1.69.
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TABLE 22. Composition and calculated analysis of whealsoybean/canola-based diets
used in Experiment 4 (Diet 4 and 5) and Experiment 5 (Diet 6 and 7).

Diet

Ingredients and Composition

-"--(%)
Wheat
Canola meal
Soybean meal
Casein
Vegetable oil
Limestone
Biophosphate
Vitamin premixr
Mineral premix2
Alphacell
Xylanase premix

lOTAL

Calculated composition

Metabolizable energy, kcal kgt
Crude proæif , %
Lysine, %
Methionine, %
Calchtm, %

Available phosphonrs, %

&.6

20.0
3.0
5.0
1.9
1.3
1.0
0.5
2.5
0.1

100.0

3050
22.4
1.11
0.50
1.05
0.43

54.2
32.0

3.0
6.8
1.5
1.0
1.0
0.5

0.1

100.0

3050
22.0
1.15
0.50
1.01
0.43

54.3
32.0

3.0
6.8
t.7
0.6
1.0
0.5

0.1

100.0

53.9
32.0

3.0
6.9
1.5
1.1
1.0
0.5

0.1

100.0

3050
21.9
1.15
0.50
1.01
0.45

3050
22.0
1.15
0.50
1.00
0.3s

t Vitamin premix provided per kilogram of dieü yitemin A, 8250 IU; vitamin D3 1000
IU; vitamin E, 11 IU; vitamin Br, 0.012 mg; vitamin K, l.l mg; niacin, 53 mg; choline,
1020 mg; folic acid, 0.75 mg; biotin, 0.25 mg, riboflavin, 5.5 mg.

2 Mineral premix provided per kilogram of dieu manganese, 55 mg. zinc, 50 mg; iron,
80 mg; copper, 5 -g; selenium, 0.1 mg; iodine, 0.36 mg, sodium 1.69.

3 Determined by using N x 5.7 for wheat, N x 5.8 for canola meal and N x 6.25 for
soybean meal
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TABLE 23. In vitro hydrolysis of canola protein (% of total) by commercial proteases
when evaluated alone or in combination with eithei pancreatin or pronase.

Assay conditions

Enzyme evaluatedr * pancreatin * pronase

None (control)

Protease A

Protease B

Protease D

Protease E

Protease F

Protease G

Protease H

Protease J

Protease K

Protease L

Protease M

Protease N

Protease O

2.2 t. 0.2'

1.8 t 0.2

t4.2 ! 0.4

34.7 t 0.7

t9.5 * 2.4

20.9 t 0.7

53.7 ¡ t.A

13.1 + 0.5

37.t ! 1.3

6.3 + 0.8

4.6 * 0.9

33.7 t t.4

49.0 * 2.2

42.t i 1.0

4.6 t 0.4

63.3 + 0.8

56.4 t 0.2

54.3 x 1.2

68.1 + 0.9

51.0 t 0.5

61.4 t 1.0

62.4 i 1.4

55.5 t 1.4

62.0 t 0.5

7t.7 t 2.4

67.9 x 0.7

68.9 t 0.5

70.8 t 0.1

59.5 t 0.4

66.7 t 0.2

69.4 ! r.2

65.9 t 0.4

I See text for enzyme identification

2 Mean t SD
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TABLE 24. Carbohydrase-like enzyme activities as determined under different pH
conditions

Enzyme activity2

Carbohydraset pH 5.3 pH 7.0

Energex

A

B

c

D

E

F

G

H

4.6 x 0.23

3.1 t 0.3

3.8 t o.z

3.8 t 0.2

4.1 t o.t

4.6 t 0.2

7.2 t 0.2

6.0 t 0.2

6.4 x o.z

3.8 t 0.2

2.7 x o.t

2.3 t 0.1

3.1 t o.t

2.9 i 0.2

3.5 + o.o

6.4 t 0.3

:

3.9 t 0.3

3.8 t 0.2

1 See text for enzyme identification

2 Expressed as mg of solubilized carbohydrate per mg of enzyme

3 Mean t SD
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TABLE 25. Effect of protease enzyme zupplementation on broiler chick performance (4-
18 days) when fed semi-purified canola meal diets (Experiment 1).

Enzyme Addedl Enzyme level
(Vo)

Feed intake (g) Weight gain (g) Feed efficiency

None (control)

Protease G

Protease G

Protease D

Protease D

Protease M

Protease N

Protease O

SEM

0.002

0.020

0.002

0.020

0.050

0.050

0.050

545.l'b

565.2^

5M.2ù

550.1.b

552.9ú

549.1ú

531.9b

565.6'

9.6t2

358.6

375.1

382.5

359.9

369.7

381.1

360.6

377.9

8.206

1.52ú

1.5lub.

1.42

1.53'b

1.53"b

L.44b"

1.48ù"

1.50'h

0.ßr

t See text for enzyme identification

'b Means within a column with no common superscript are significantly different

(P<0.05).
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TABLE 26. Growth perforrrance of chicks (4-18 days) as influenced by addition of
protease enzymes to canola meal diets containing optimal and sub-optimal
levels of protein @xperiment 2)

Protein leveU Erøyme level Feed intake Weight gain
Enzyme (%) G) Feed efficiency(e)

'22Vo protein
None (control)

Protease G

Protease M

lTVo orotein
None (control)

Protease G.

Protease M

SEM

0.02

0.0s

0.02

0.0s

548.8b.

543. l"

540.8"

570.I'h

581.8'b

584.C)"

7.816

372.4

380.6

37t.2

370.4

382.2

378.7

7.32t

1.47ù'

1.43.

1.46b.

L.54^

1.52ú

1.54^.

0.024

t See test for enzyme identification

* Means within a column with no common superscript are significantly different
(P<0.0s).
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TABLE 27 . Effect of carbohydrase enzyme supplementation (0.05%) on broiler chick
performance (4-18 days) when fed semi-purified canola meal-based diets
(Experiment 3).

Carbohydrase addedl Feed intake
(e)

Weight gain
(e) Feed efficiency

None (conrol)

Carbohydrase F

Carbohydrase G

Carbohydrase H

SEM

551.6

543.6

558.8

54/..4

9.322

365.6ù

361.8.b

381.6.

356.0b

6.552

1.51

1.50

t.46

1.53

0.028

I See text for enzyme identification

a'b lvfsans within a column with no cornmon superscript are significantly different
(P<0.05).
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TABLE 28. Effect of protease enzyme supplementation on broiler chick performance (4-
18 days) when fed practical wheat/soybean and whealcanola diets
@xperiment 4).

Proæin Enzyme Enzyme Feed intake weight gain Feed
supplement addedr level (%) (g) (g) efficiency

Soybean meal None - 576.9^ 409.3, L.4Lú

Soybean meal Protease G 0.02 510.4 379.0b 1.35b

Canola meal None - 529.7* 3733b l.4Z

Canola meal Protease G 0.02 551.4b 387.0,b 1..43^

Canola meal Protease G 0.05 492.gd 343.2 t.41ú

SEM 8.097 8.010 0.019

t See text for enzyme identification

* Means within a column with no cornmon superscript are significantþ different

(P<0.05).
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TABLE 29. Synergistic effects of enzyme supplementation on broiler chick performance
(4-18 days) when fed practical whealcanola meal-based diets
(Experiment 5)

Dielenzyme¡ Feed intake(g) Weight gain(g) Feed efficiency

Negative control2
+ phytase
* phytase, protease G
*phytase, carbohydrase G
* phytase, car. G, protease G

Positive control3

SEM

Negative control2
* phytase

+ phytase, protease G
* phytase, carbohydrase G
* phytase, car. G, protease G

Positive control3

SEM

t76.8
175.2
170.8
t7t.t
175.6
t76.4

5.M9

t.52^
1.48'b
1.47ú
t.46ú
1.41b

1.42b

4.935

116.9b
118.0'b
116.5b
117.0b
L24.2
124.8^

5.003

Overall ---

379.0
380.6
380.3
374.3
387.6
377.4

3.997

5U.r
545.4
526.7
s29.2
545.0
531.0

3.319

t.M
L.43
1.39
L.4t
L.4t
t.41

2.&0

I Enzyme inclusion rates were as follows: phytase, o.olvo; protease g,O.olvo;
carbohydrase G, 0.05%.

2 wheat/canola diet containing sub-optimal phosphorus (0.35% available p).

3 Whealcanola diet ss¡þining optimal phosphonrs (O.45Vo avaitable p).

ab Means within a column with no common zuperscript are significantly different
(P<0.05).
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7" GENERAL DISCUSSION AI..{D CONCLUSIONS
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7.I. GENERAL DISCUSSION

The use of canola meal as a high quality protein supplement for livestock and

poultry is still limited by high dietary fibre (Bell and Shires, L982) and low merabolizable

energy contents (Bell, 1993a). A number of approaches have been proposed for the

elimination or alleviation of the dietary fibre effects to improve canola meal utilization

in non'ruminant animals. In the current research, experiments were conducæd to

investigate the potential for improving the nutritive value of the meal by breeding for

yellow-seeded canola and by using supplementary enzymes to reduce the negative effects

of dietary fibre so as to enhance canola meal utilization in poultry. In this study, 26

genotypes of yellow-seeded canola were compared with 7 samples of conventional brown-

seeded canola for differences in chemical composition and dietary fibre contents. The oil-

extracted seed samples were atnlyznd for protein, carbohydrates (ie., sucrose,

oligosaccharides), dietary fibre, ash and residual fat. On average, the yellow-seeded

canola was found to contain more protein (44.5 vs 42.7) and sucrose (8.7 vs7.5%) tl:rrn

its brown-seeded counterpart. Similarþ, the total dietary fibre content was lower in

yellow-seeded canola (27.7 vs 33.6%). The contents of oligosaccharides, ash and ether

extract were similar in both types of canola. The analyzed components accounted for

approximately 9O% of dry matter in both the yellow- and brown-seeded samples. In

general, findings from this study were in agreement with previous reports from this

laboratory (Slominski and Carnpbell, 1990; Slominski et aI.,l994a) although the higher

number of samples allowed for more detailed comparisons between the yellow- and
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brown-seeded types. This was also the frst time ttrat the yellow-seeded samples of B.

nnpus and B. juncea were included in such studies.

Content of the dietary fibre components differed significantly among the species

with B. rapa, B. iuncea and B. caritata showing higher concentrations of non starch

polysaccharide than B. rnpus. The contents of other fîbre components (i.e. lignin and

polyphenols, cell wall protein and mineral associated with the fibre fraction) were

significantly higher in the brown-seeded canola. This appeared to be the main reason for

higher total dietary fibre values reported in some earlier studies on brown-seeded canola

(Bell and Shires, 1982; Sarwar et al.,1981; Theander et al., Ig77). Total dietary fibre

was shown to be negatively correlated with protein content demonstrating the potential

for further quqlity improvements within the yellow-seeded type of canola. A weak

relationship between total dietary fibre and seed weight indicated ttrat the seed hulls are

notthe primary source of dietary fibre as was earlierbelieved (Strigam et al., 1977;

Finlayson, 1974) and demonstrated the importance of cotyledonous cell wall

polysaccharides in the overall determination of the level of canola fibre.

On the basis of chemical composition and dietary fibre profiles, selected Brassica

seed samples were further evaluated for digestible protein, soluble fibre, soluble

phenolics and extract viscosity. There were no significant differences between the

yellow- and brown-seeded types of canola with regard to most of the quality

characteristics studied. However, comparisons among different species showed B. rapa

and 8. rutPus to have a relatively high digestible protein content in comparison to B.

iuncea and B. carirwta. Regression analyses showed a lack of correlation between total



t49

and soluble dietary fibre and digestibte protein content. This indicated a minimal

negative effect of dietary fibre on meal utilization per se and pointed to an overall

nutrient diluting effect of dietary fibre as the determinant of canola meal quality.

An attempt was made to examine the effect of heat treament on the nutritive

quality of canola meal. To determine optimal processing conditions three samples of oil-

extracted canola seed were moist heat treated for 20 minutes at different temperatures.

The effect of time was assessed by heating the samples at 105"C for different time

periods. From this study, it was shown that ín vítro protein digestibility increased

significantly with increased processing temperature up to 108 t l oC after which it

declined substantially. It was also demonstrated that moist heat treaünent of canola seed

at temperatures beyond 110oC results in substantial protein damage as was evidenced by

a decrease in in vitro protein digestibility and an increase in protein present in the neutral

detergent fibre residue. Similar effects of high temperature on protein damage were

reported by Andersonn-Harfermann et al. (1993) and Jensen et al. (1995). Moist heat

treaünent at temperatures below 105'C did not have any significant effect on in vitro

protein digestibility and contrary to earlier findings (Jensen et al., 1995; Anderson-

Harfermann et al., 1993), time of heat treafinent did not appear to have any effect on

canola meal quality.

Based on chemical composition and quality parameters, four Brassica cultivars

were selected for further evaluation in vivo. Seed samples were defatted and moist heat

treated under the optimal conditions (108 t 1'C) established in the earlier study. The

evaluation involved chemical composition, in vitro protein digestibility, true
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metabolizable energy (TMEn) content, true amino acid availabilities (TAAA) and feeding

quality as determined in a two-week feeding trial with broiler chickens. With regard to

chemical composition, the selected samples appeared superior to that of commercial

canola meal. The protein content in 3 samples was 4 to 5 percentage points higher than

that of the commercial meals. The increase in proæin and/or a reduction in dietary fibre

content significantly improved the true metabolizable energy (TMEn) content of the

meals. The content and availability of amino acids in the new cultivars, however, was

not significantly different from that of the commercial meals. In vitro protein dþstibility

in the laboratory prepared meals was comparable to that of the commercial meals and

indicated that the processing conditions employed ws¡s simila¡ to ttrose commonly used

in the srushing operation of canola seed. With the exception of B. jmcea sanple, the

perforrrance of broiler chickens fed laboratory prepared meals was similar or highèr than

that of the commercial meal from the yellow-seeded canola cv. Parkland (control). The

performance of broilers fed the yellow-seeded B. tapus canola (cv.Y1016) was

comparable to that of the control diet with regard to body weight gain and was

significantly higher with respect to feed to gain ratio. The relatively low performance

of broiler chickens fed the B. juncea cv.I43l6 sample was atfribuæd to the relatively

high glucosinolate content in this particular meal.

Information on the chemical composition and dietary fibre profiles of the canola

meal assisæd in selecting the exogenous protease and carbohydrase enzymes for studies

on the enhancement of the nutritive value of canola meal in poultry. Twenty-one protease

and 8 carbohydrase preparations were evaluated in vitro for their abilþ to solubilize
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canola protein and canola cell wall polysaccharides, respectively. The most effective

protease (G, M and O) and carbohydrase (F, G and H) enzymes were selecæd for in

vivo evaluation in broiler chicken feeding trials (14day). Protease supplementation in

broiler rations was inconclusive in that some of the preparations enhanced perfonnance

of chickens while others did not and the response tended to decrease with increased

dietary protease concentration. The response to dietary protease nrpplementation was

most effective when protein level in the diet was sub-optimal. Supplementation of the

diets with selected carbohydrase preparations showed a trend towards improved broiler

performance only in the case of one prepamtion: carbohydrase G. Overall, the most

effective was a cocktail of different enzyme activities (ie., proûease, carbohydrase and

phytase) when supplemented to a phosphorus deficient diet.
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7.2. CONCLUSTONS

1. The consistent negative relationships benveen dietary fibre and protein contents

exempliÛ the potential for improved nutritive content of yellow-seeded forms of B. rapa,

B. iuncea and B. tapus with fr¡rther reductions in dietary fibre content. To achieve

maximum results any such reduction in dietary fibre content should be accompanied by

quantitative changes in protein. Due to the relatively similar values obtained for the

complex quality characteristics (ie., soluble and insoluble dietary fibre, digestible protein,

available amino acids, phenolics, etc.) measured in this study it appears valid to use

simple protein analysis as a quality criterion in the early stages of selection programs in

the evaluation of canola/mustard materials. Final evaluation, however, of new cultivars

would require more detailed chemical analyses (i e., carbohydrates, amino acids and

dietary fibre contents) and in vivo experimentation. It was also demonstrated in this

study that the processing of material for such evaluation is critical and must include

optimal moist heat treatment which was shown to be 108 + l.C for 20 minutes. These

conditions gave quality results equivalent to that obtained in the commercial processing

of canola.

2. Effective introduction of B. iuncea as a new crop for the Canadian prairies would

require further quality improvement by lowering the content of undesirable aliphatic

glucosinolates in the seed.
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3. A nro step pepsin-pancreatin in vitro system, perfected in the cunent study, could

assist in the evaluation of new protein supplements and could become a useful tool in

futr¡re research on the effect of heat treaünent (ie., live steam injection, cooking,

micronization) on nutritive value and protein quality of feedstuffs.

4. There is potential for er¡hanced utilization of canola meal by monogastric animals

tbrough the use of exogenous dietary enzymes. According to the research data reported

herein, the use of a cocktail of various enzyme activities (ie., protease, carbohydrases,

phyøse, etc.) rather than individual preparations appears necessary to achieve effective

meal utilization. In this context, further research is needed to develop a blend of

carbohydrase and protease enzymes sr¡itable for degradation of cell wall polysaccharides

and glycoproteins.
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