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The Sinapis albo (white mustard) species holds great potential as a high protein and high energy 

alternative to full fat soybean. It has superior heat and drought tolerance in comparison to 

conventional canola, and is therefore weii suited to production in dryland areas. AIthough it has 

been grown for sornetime as a condiment crop, it is only recently that plant breeders have 

developed a S. alba cultivar with low contents of glucosinolates and erucic acid. The objective 

of these studies was to evaluate the nuîritive profile of S. dba and to explore the potential for use 

of the fidl fat seed in monogastric animal nutrition. Detailed chernical characterization of S. alba 

in cornparison with selected feedstuffs (ie., soybean, canola, lupin and peas) was done. Digestible 

protein content in defatted and heat-treated S. alba seed averaged 70.8% of total protein which 

is equal to or higher than values for other feedstuffs. In comparison to the full fat soybean, S. 

alba seed contained more oil (26.4% vs 20.2%) but less protein (37.5% vs 41.4%) with the 

content of the two major nutrients in favour of the S. alba ample (63.9 % vs 6 1.6%). S. alba 

seed contained slightly more methionine and cystine (3.60 vs 3.33 g/ 16g N) but less lysine (5.78 

vs 6.49 g/ 16g N) than soybean. The sucrose content was lower in S. alba than in soybean (3.3 % 

vs 5.2 %) although this was offset by the presence of starch (1.3 %) which was not detected in 

soybean. Considenng the remarkable difference in se& size, S. alba having a 20-fold smaller 

seed than soybean, only a small difference in the total dietary fibre content was observeci (22.2 % 

vs 18.8 % for S. alba and soybean, respectively). Soluble dietary fibre content (ie., mucilage), 

as determined under simulated conditions of the gastrointestinal tract, was found to be 1.7 % . A 

lower content of oligosaccharide (3.4% vs 5.  1%) and higher contents of calcium (0.66% vs 
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0.39 96) and avaiiable (non-phytate) phosphoms (0.27 % vs 0.12 1) were among other positive 

characteristics associatexi with the S. &u crop. Although s a  relatively high and potenMy a 

Limiting facbr, the giucosinoiate content of the new S. alha cultivar was shown to be 35.3 pmoVg 

which is substantially lower than that present in current condiment varieties. Raw, rnicronized 

(140°C) and autoclaved (108°C) S. &a seeds were evaiuated for digestible protein content, 

myrosinase activity, glucosinolate content, m e  metabolizable energy m, true anino acid 

availability (TAAA) and broder chicken performance. H a t  treatment of the S. alba seed 

decreased glucosinolate content, effectively inactivated the myrosinase enzyme, and increased 

digestible protein content Nt &o. The autoclaved S a h  seed showed higher TME,, value than 

the raw and micronixi samples (303 1 vs 2270 and 2460 kcal/kg). The micronized soybean seed 

was found to contain the highest T'ME,, value (3790 kcal/kg). Regardless of heat treatrnent 

employed, the TAAA of the S. aZba seed was lower than that of micronized soybean &, 

commercial soybean m e d  and commercial canola meal. Broiler chickens fed rations containing 

10% of the raw, micronized and autoclaved S. alba seed showed similar feed intake, weight gain 

and feed to gain ratio to those fed micronized soybean seed. There was no difference in chicken 

performance between diets containing 10% or 20% of micronized S. alba seed. As cornpared to 

other treatments, feeding of the ration containing 20% of the autoclaved S. alba seed resulted in 

poorer feed intake, weight gains and feed efficiency. 
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INTRODUCTION 

Mustard has km known to man for thousands of years (Man and Weir, 1988). The term 

"mustard" is thought to have originated h m  the use of the seeds as a condiment; the crushed 

seeds were mixed into a paste with the sweet must of old wine and called "mustum ardens" or hot 

m u t .  Mustard has been descnbed in Sumerian and Sanskirt texts as early as 3000 B.C., in 

Egyptian tex& around 2000 B.C. and in Chinese writings before 1 0  B.C. Seed fragments have 

ben  discovered in excavations of Indus vailey dweiiings and h m  Egyptian tombs at Thebes, both 

from around 2000 B. C. The Bible, Alexander the Great and Charlemagne al1 referred to mustard. 

As well, there are various quotes from meciieval times onward refemng to trading of the 

manufactured condiment in the days of Avignon Popes, Dumas and Shakespeare (Colmans, 1985). 

Over haif (60%) of the mustard seed in today's world market is Sinapis alba, commody 

known as "white" or "yellow" mustard. Brassicajuncea, also known as "brown" or "oriental" 

mustard, makes up most of the remaining 40%. Similarty to earlier times, the principal use of 

the S. alba crop is as a source of condiment for the  spice trade. Mustard is also us& as leaf and 

stem vegetables and as a salad crop in the Far East and Southeast Asia, and for green manuring 

or as a fodder crop in Western Europe (Vaughan and Hemingway, 1959; Rosenparten, 1969). 

S. albu production within Canada occurs predominantly in the Prairie provinces of 

Manitoba, Saskatchewan and Alberta. It is particularly weii suited to production in these areas 

due to its superior heat and drought tolerance in cornparison to Brmica n a p u  and Brassica rapa 

canola. S. alba has a high raistance to blackieg disease (Lesrosphnerio maculans) and flea beetle 



attacks. Further advantages include a highly shatter resisrant seed pod and a large bright yellow 

seed. The condiment S. aloa grown contains a significant amount of erucic acid ( 2 5 4 %  of the 

fatty acid profile) and has a high glucosinolate content (approximately 200 pmol/g oil free meal) 

(Hemingway, 1995). However, due to the goitrogenic effect of glumsinolates (Bell, 1984) and 

the negative implications relatai to erucic acid (Krarner et al., 1977), the condiment S. alba seed 

is unsuitable for use in monogastric feeds. 

In an attempt to reduce the glucosinolate and erucic acid levels in Sinapis alba seed, 

various plant breeding approaches have been undertaken. Development of a iow glucosinolate line 

in Poland (Krzymanski et al., 1991) and a low erucic acid line in Canada (Raney et al., 1995) 

offers some potential for funire development of a low glucosinolate, low erucic acid cultivar which 

may be suitable for rnonogasuic feeding. It is thought that this new "canola qualityn S. a h  

would hold great potentiai for Canadian farmers as a high protein and high energy feedstuff. 

However, further plant breeding efforts are necessary to combine the low glucosinolate and low 

erucic acid characteristics in order to improve that overall nutritive quality of the seed. 

Little is known about newly developed lines of S. a h  seed. Information needs to be 

gathered on the chernical composition and any ami-nutritive factors present before the feeding 

value in vivo can be determined. Depending on the outcome of these inquiries, funire areas of 

research may include determining optimum heat aeatment to control anti-nutritive factors and 

increase protein availability, and the use of dietary enzymes to enhance utilization of various seed 

components. 



In 1996, 237.5 tomes of mustard seed were producd in Canada The seeded area covered 

approxirnately 241 .O hectares, predominately in the Prairie provinces. Saskatchewan was the 

leading producer of mustard seed, producing over 8 1 % of the total. Seventy-eig ht percent of this 

cmp was expected to grade No. 1 Canada (Statistics Canada, 1996; DeClercq, D.R. and Daun, 

J.K., 1997). Accordhg to 1996 values, producing one tonne of mustard in Manitoba cos& '6293. 

The gross income from this tonne at harvest time (September), receiving contract prices, would 

be $440, giving a profit of $147/tonne. The p r i e  received for a pound of condiment mustard may 

vary depending on when the seed is sold, as mid-November nonsontract prices in Manitoba may 

be higher than the contract price received at harvest time. 

The profit received from one tonne of mustard is somewhat lower than that which would 

be obtained from one tonne of canola. Producing one tonne of canola cos& $184, according to 

1996 values, with a gross income of $44 11tonne. This results in a profit of $257/tonne. The 

difference in profit between the two crops is due to a difference in production level. The mustard 

crop produces less kg of seeds per acre of production, therefore requiring a larger ara ,  more 

plants and greater amounts of fertilizer and herbicides/pesticides. 



Although little is reported on the specific nutritient composition of Sinapis dba, some 

generai information has been reported in the iiterature, applying predominantiy to the condiment 

crop. A smaii amount of data has been published on the low glucosinolate, low erucic acid S. 

alba. 

Sinapis alba contains approximately 3 1.5 1% oil (DeClercq and Daun, 1997). The oil 

content of seeds is under genetic control, as well as being also strongly affected by climatic 

conditions (Grarni and Stefansson, 1977). Appelqvist (1972) reported that erucic acid made up 

41.1 % of the fatty acid profile of condiment S. albo. The low glucosinolate, low erucic acid line 

produced by Raney and coUegues (1995) was found to contain only 1 % emcic acid (Table 1). In 

the past there h a  b e n  concern in regards to the fatty acid composition of high oil seeds, in 

particular, the level of emcic acid (22: 1 n-9). This concem has focused largely on rapeseed. 

Early studies with rats indicated that feeding high erucic acid rapeseed depressed growth rate 

which was attributed to the pmence of erucic acid (Thornasson and Boldingh, 1955). Effects on 

the myocardium have been reported. Myocardial lipid accumulation has been demonstrated 

shortly in a variety of species and was found to occur after feeding high erucic acid rapeseed. 

However, this effect appean to be short-lived (Kramer er al., 1973; Rocquelin et al., 1973; 



Table 1. Fatty acid composition of various S h a p b  &a seeds 

Fatty Acid S. alba Yeiiow mustard High emcic acid, Law erucic acid, 
Composition (96) cv. S m '  NO. 12 low glucosinolate3 low glucosinolate' 

16:O 2.7 2.62 2.2 4.9 

' Appelqvist (19R); * DeClerq, D. R. and Daun, J. K. (1997); ' Raney et al. (1995a); ' Raney 
er al. (1995b) 
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Kramer et al., 1977). Prolonged feeding of high erucic acid rapeseed oils has k e n  seen to cause 

myocardial necrosis and fibrosis, primarily in male and, to a lesser extent and severity, female rats 

(Rocquelin and Cluzan, 1968; Kramer et al. 1973; Hulan et al., 1977). It has been found that 

the composition of the diet may play a role in the occurrence of these detrimental effects. Beare 

et al. (1963) reported that the growth-depressing effect of emcic acid was overcome by increasing 

the sanirated fatty acid content of dietary rapeseed oil. This was supponed by a chick study in 

which the growth-depression was eliminated by the feeding of rapeseed oil blended with a low 

level of samrated beef tallow (Salmon, 1969). A synergisrn was niggested by chick smdies when 

rapeseed oil was blended with a low level of animai tallow (Lall and Slinger, 1974). 

Furthemore, in a study with 180 day old White Leghorn cockerels, it was concluded that the high 

linoleic acid content in sunflower oil may have been the contributing factor in alleviating the 

adverse effect of erucic acid (Sim et al., 1985). These findings suggest that the growth depressing 

effect of dietary erucic acid may be due to metabolic interactions among fatty acids, and that 

certain fatty acids rnay reduce the negative effect of erucic acid. 

The protein content of S. aba is approxirnately 31.2% (DeClercq, D.R. and Daun, J.K., 

1997). The amino acid profile has yet to be published in the literature. As with oil, these 

componenu have been found to Vary in seeds due to environment, and, to a lesser extent, genetics. 

It has been show that, generally, an inverse relationship exists between protein and oil; protein 

levels being higher and oil content lower when growing conditions are w m  and dry, and vice 



versa with a cool, moist growing season (Grami and Stefansson, 1977). 

Dietarv Fibre 

Dietary fibre is defined as "the remnants of plant cells resistant to hydrolysis by the 

alimentary enzymes of man" (Trowell et al., 1976). This includes smcniral polysaccharides 

(non-starch polysaccharides), lignin, polyphenols, proteinfcarbohydrate complexes, fnictans and 

others (Table 2). Although a vast amount of research has been done on dietary fibre, its effect 

on the utilization of various nutrients is not fully undentmd. High dietary fibre levels have been 

found to have a negative effect on the nutritive qualiq of rapeseed meal (Bjergegaard et al., 1991; 

Mitaru and Blair, 1984). Dietary fibre rnay modiQ, usually decreasing, the digestibility of 

proteins, dong with lipids and certain minerals (Kritchevsky, 1988; Nwokola and Bragg, 1977). 

and is known to reduce transit time significantly (Raczynski et al., 1982). 

Little research has been conducted on the composition of the fibre component of S. alba. 

The seed coat of S. a h  constitutes 18 to 24% of the seed (Hemingway, 1976). Over 60 years 

ago, it was first reported that the seed coat of mustard seeds was rich in mucilage matenal (Bailey 

and Noms, 1932). Cui et al. (1993) reported that 5 % of the condiment seed weight is mucilage. 

Glucose (22-35%) was the major monosaccharide present, followed by galactose (11-15%). 

mannose (6.0-6.436). rhamnose (1.6-4.0%). arabinose (2.8-3.2%) and xylose (1.1-2.0%). While 

high mucilage levels are important for the spice trade, the viscous characteristic makes mucilage 

an undesirable wmponent of monogastric feeds. Consumption of purified viscous polysaccharides 

such as gums, mucilage and pectins may interfere with bulk movement and mixing of digestive 



Table 2. Components wnsidered part of dietary fibre 

Structurai polysaccharides (non-starch cellulose, pectindpectic substances, 
polysaccharides) hemiceliuloses 

Structural non-carbohydrate lignin, polyphenols 

Proteinlcarboh ydrate glycoproteins, Maillard products 

Non-stnictural polysaccharides "resistant starch", mucilages, gums 

Fnictans inuiin, small polysaccharides 

Oligosaccharides a-galactosides 

Other cutin, waxes, minerals 

Slorninski (unpublished) 
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enzymes and nutrients in the intesthal lumen (Kritchevsky, 1988). In combination with an 

enhanced mucin production, this may increase the resistance of the unstirred water layer at the 

intestinal surface to nutrient absorption (Johnson and Gee, 198 1). 

Glucosinolates are anti-nutritive compounds which limit the use of various feedstuffs in 

livestock and poultry rations (Slominski and Campbell, 1987). They are generaily limited to 

certain families of dicotyledonous angiosperms, predominantly within the order Capparales s e m  

Cronquist or Taktajan , including the families Capparaceae, C ruci ferae , Moringaceae, Resedaceae 

and Tovariaceae (Kjaer, 1974). In human foods and animal feedstuffs, members of the family 

Cruciferae have the most importance, including oilseeds and forage crops, condiments, relishes 

and vegetables (Crisp, 1976). 

Glucosinolates have a common skeletal stmcture (Fig. 1) differing only in the nature of 

the side chah This side chah rnay comprise aliphaîic (saturated and unsaturated), aromatic or 

heteroaromatic groupings. Common substituents include hydroxyl groups (occasionally 

glycosylated), terminal methylthio groups (and oxidized analogues), esters and ketones. It is the 

R group which is the most reactive part of the molecule, determining the chernical nature of 

hydrolysis products and, thus, their biological effects and potencies (Fenwick er al., 1983). 



S - 8-D -Glucose 
/ 

R-C 

Figure 1. The general structure of glucosinolates (from Fenwick er al., 1983) 



11 

Intact glucosinolates themselves are not perceived as harmful. It is the concentration of 

their hydrolytic products which moderates the toxic and anti-nutritive effects (Hill, 1979; Fenwick 

and Curtis, 1980). Disruption of plant tissue, in the presence of moisture, results in a loss of 

glucosinolates due to hydrolysis by the myrosinase enzyme (thioglucoside gluwhydrolase, EC 

3.2.3.1) (Fenwick and Curtis, 1980) and production of a wide variety of hydrolytic products. 

Depending on a number of factors (pH, presence of co-factors, structure of parent glucosinolate), 

these hydrolytic products include the non-toxic glucose and bisulfate and the toxic compounds 

isothiocyanates, oxazolidinethiones, thiocyanates, epithionitriles and nitriles as well as some other 

minor compounds (Tookey et al., 1980; Fenwick et al., 1983). To reduce the concentration of 

the hydrolytic compounds, the myrosinase activity may be inactivated via application of heat. 

Research conducted by Fenwick et al. (1986) indicated that dry extrusion of a rapeseedfsoyabean 

mixture at 150°C effectively inactivated the myrosinase. Srnithard and Eyre (1986) suggest that 

such inactivation can also occur during extrusion at 13S°C. Generally, heat is applied to assist in 

oil extraction during the commercial processing of canola meal. Temperature, time of heating and 

amount of moisnire applied in the cmshing process al1 play a role in the extent of myrosinase 

inactivation (SIominski et al., 1985). 

In addition to being broken d o m  by myrosinase, glucosinolates are susceptible to thermal 

degradation. Indole glucosinolates are parcicularly susceptible, yielding 3-indoleacetonitrile, 4- 

hydroxy-3-indoleacetonitrile and free thiocyanate ion upon degradation (SIominski and Campbell, 

1989). The glucosinolate content of canola screenings was reduced from approximately 40 pmollg 

to 15 pmol/g via wet cooking (Keith and Bell, 1983). Jensen and collegues (1995) reported that 

after toasting canola at 100°C for 15, 30, 60 and 120 minutes, the total glucosinolate content 
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deaeased 24 % , 46 46, 70 % and 95 46, respectively. Liu et al- (1994) had previously reported a 

similar reduction pattern of glucosinolates for Crambe se&. 

Hydrolysis of glucosinolates within the gastrointestinal tract via intestinal rnimflora 

metabolism (Greer and Deeney, 1974) has ben reported. Cecum and colon microflora of the rat 

(Greer, 1962) and of the fowl (Marangos and Hill, 1974; Oginsky et d., 1965) have b e n  found 

to demonstrate hydrolytic properties in M m  and in vivo (Slorninski es al., 1987; Slorninski et al. , 

1988). Nugon-Baudon et al. (1988), using germ-free rats and chickens, reported that the 

intestinal microflora was responsible for growth depression and hypertrophy of glucosinolate 

targets organs. Intestinal LacrobuczlZ~(s was found to be responsibie for a drarnatic goitmgenicity 

in animais fed rapeseed meal (Nugon-Baudon et al., 1990). 

n i e  content and composition of glucosinolates of the low and hiph glucosinolate varieties 

of S. alba are shown in Table 3. While the major glucosinolate in the condiment variety is OH- 

benzyl glucosinolate, no OH-benzyl glucosinolate was detected any of the low glucosinolate 

varieties. The anti-nutritional effects attributed to glucosinolates include reduced performance, 

enlarged thyroid, reduced levels of circulating thyroid hormones and organ toxicity (Vermoral et 

al., 1986; Fenwick er al., 1983; VanEiten and Tookey, 1983). Much of the research conducted 

on glucosinolates has involved rapeseed and canola meals. 

Negative effects of high glucosinolate intake on growth performance were noted in poultry 

following the feeding of rapeseed meal (Ibrahim, 1978; Clandinin and Robblee, 1981; Fenwick 

and Curtis, 1980) and mustard products (Marangos et al., 1974), and in rats fed specially prepared 

rapeseed dieu (Hill, 1976). Leg abnormalities increased in broilers with the feeding of high 

glucosinolate rapeseed (Timms, 1983; Bell, 1984; Hill, 1979), but was reduced when low 



Table 3. Glucosinolate contents of various SUlapLF a h  simples (pmoYg oil extracted meal) 

Glucosholate Content (pmoUg oil extracted meal) 

Type of sample hydroxy-butenyl total aikenyl hydroxy-benzyl total indolyl 

High glucoskolate' 5 - 4 210 - 

High erucic acid, low 4.4 4.6 0.0 5.6 
glucosinolate2 

Low erucic acid, low 4.3 4.5 0.0 4.7 
glucosinolate3 

' Uppstrom (1995); * Raney et al. (1995a); ' Raney et al. (1995b); ' not determined 
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glucosindate or extracted rapeseed meal was fed (Moody et al., 1978; Holmes and Roberts, 

1963). Martiand er al. (19W) found egg production to be decreased by feeding high glucosinolate 

meal, supporthg work done previously by Marangos and HiIl (1976) and Ibrahim (1978). 

The capability of glucosinolates to depress iodine uptake and iodification, and afféct T,:T, 

ratios and thyroid histology has been weli documenteci (Bell, 1984; Fenwick er al., 1983). Mouse 

and rat s t u k  indicated that various Brassica meah were goitrogenic and demonstrated that 

myrosinase enhanced the toxicity of mpeseed m d  (Bell et al., 1972; Lo and Beil, 1972; BeIzile 

et al., 1963). Klain et d. (1956) indicated that the goitrogenic effects could not be prevented by 

a high level of dietary iodùie. However, Greer (1962) and Langer and Greer (1977) reported that 

iodine supplementation has proved an effective solution to the effects of the thiocyanate ion. 

Thiocyanate acts by blocking or reducing iodine capnire by the thyroid gland, thus the alleviation 

of effects with iodine supplementation (Langer, 1966). The goitrogenic effect of glucosinolates 

is generally associated with an increased weight of the thyroid gland (Marangos er al., 1974; 

Ibrahim, 1978). Incidence of liver enlargement was found to be related to glucosinolate content 

and was reduced when low glucosinolate rapeseed meal was fed (Elwinger, 1986). Rapeseed meai 

is associated with progressive liver darnage in certain strains of laying hens, resulting in liver 

haemorrhage and increased mortality (Ibrahim er al., 1980; Fenwick et al. , 1983; Martland er al., 

1984). Conversion from rapeseed meal to the lower glucosinolate canola meal reduced, but didn ' t 

eli minate, Liver haemorrhage (Slominski and Campbell, 199 1). 

Swine diets can contain 5 pmoles glucosinolates per gram of ration without producing 

adverse effects, leading to an inclusion rate of 20 to 30% (Canola Council of Canada, 1989). For 

laying hen, however, a "no-effectn level of glucosinolates of approximately 1.5 Bmoleslg has been 
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recommended, because of their association with monality due to haemorrhagic liver syndrome 

(Campbell and Slorninski, 1991). 

Phvtic Acid 

Phytic acid (myoinositol 1,2,3,4,5 ,&hexakis-dihydrogen phosphate) (Fig . 2) is widely 

distributed among cereal grains and oilseeds (Ward and Reickert, 1986) and is the main storage 

pool of phosphorus in the seed. Phosphoms in this form is, for the most part, not available to 

rnonogastrics, as they lack the appropriate enzyme to cleave the phytate molecule (Taylor, 1965; 

Nelson, 1967). Phytic acid is highly reactive with positively charged molecules and binds with 

Ca, Mg, Zn, Cu, etc., foming complexes that are insoluble in the intestine. Phytic acid may also 

form complexes with protein, thereby inhibiting enzymatic digestion (Thompson, 19%)). 

Bell and Rakow (1996) found the high glucosinolate oilexmcted meal of S. alba to 

conrain 1.44 % phytic acid, while the low glucosinolate meal contained 3.06 % . As no feeding 

trials have been carried out using the low glucosinolate S. a h ,  the effect of phytates in this seed 

is not known. There has been much reported in the literature on the phytic acid content of other 

feedstuffs of plant origin (Table 4). 

The bound phosphorus in monogastnc diets is excreted, posing an environmental concern. 

Excess phosphorus not utilized by plants is convened to water-insoluble foms which are absorbed 

by soi1 particles, potentially contaminating fresh water resources. While currently no regulations 

exist in North America limiting phosphorus content of faeces, the likelihood of regulations in this 

area is high. 



Fijure 2. Structure of phytic acid (from Cheryan. 1980) 



Table 4. Phytate content of some wmmon feedstuffsl 

Feedstuff Total phosphorus (96) Phytate, % of total 
phosphorus 

Corn 0.26 69 

Wheat 0.30 67 

Oats 0.34 56 

Soybean meal 0.61 61 

Canola meal2 1.17 74 

Cottonseed meal 1 .O7 70 

Wheat bran 1.37 70 

l Adapted from Nelson et al. (1968); * NRC (1994) 
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The effect of heat treatmmt on phytic acid content of feedstuffs has been investigated. The 

phytic acid content of raw Afncan oil bean seeds was found to be significantly reduced by cooking 

(Kingsley, 1995). Work dane by Khan and colleagues (1991) indicated that boiiing and roastllig 

of both fiesh and dry maize eadgrains resulted in a reduction of phytic acid content. 

In an attempt to increase the amount of phosphorus available to the animal, work has b e n  

done on the addition of phytase enzyme to monogastric diets. Results have show that by adding 

phytase, the phosphorus excreted can be decreased, as can the amount of supplemental inorganic 

phosphonis added to the diet (Simons et al., 1990; Cromwell, 1991). 

Proteinase inhibitors cm be found in the seeds of most plants, pdcularly in the 

graminaceae and leguminosae, and in the tubers of solanaceae. These inhibitors may exist to 

regulate endogenous protehase enzyme activity during seed dormancy, and may play a role in the 

protection against phytophagous insects and pathogenic fungi (Green and Ryan, 1972). 

There have been three trypsin inhibitors identified in the condiment S. alba . The 

predominant inhibitor shares several characteristics, such as thermolability, with the soybean 

trypsin inhibitor, Kunitz (Iori et al., 1991; Menegatti et al., 1985). Ion et al. (1991) found a 

trypsin inhibitor activity of 0.9 trypsin inhibitor (TI) unitdg defatted Sinapis alba. In 1996, Bell 

and Rakow found 1.65 TI unitdg high glucosinolate S. alba and 2.1 1 TI  unitdg low glucosinolate 

S. a h ,  both oil-free and non-heated . These values are well below those of certain legumes and 

are thought to be of little nutritional consequence (West and Norton, 1991), particularly if heat 
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treatment is to be applied. Herkelman et al. (1993) reduœd the trypsin inhibitor activity of both 

conventional soybûans and low trypsin inhibitor soybeans with application of heat via autoclaving 

at 1 lm for 20 minutes. As well, Kingsley (1995) found the trypsin inhibitor activity of Afncan 

oil bean seeds to be decreased during cooking by 98 96. If heat were to be applied to S. alba, it 

seems likely that the trypsin inhibitor levels would be minimal. 

Heat Treatment 

It is well known that heat processing is an effective method of improving the nutritive 

value of feedstuffs for monogastric animais (McNab, 1982). Nordheim and Coon (1984) reported 

that some form of heat treatment is necessary to alter that tertiary stmcture of plant protein to 

allow the protein to become more susceptible to hydrolysis. Effectiveness of heat treatment on 

nutritional quality is a fùnction of processing temperature, duration of heating, particle size, 

moisture content and type of feedsniff (Liener, 1983; Poel, 1989). The effect of heat processing 

on phytic acid, trypsin inhibitor, glucosinolates and myrosinase enzyme has been discussed in 

previous sections. 

Proper heat treatment is of great importance, as either underheating or overheating will 

produce a product of inferior nutritional value. While underheating may not inactivate toxic 

wmponents (Alumot and Nitsan, 1961) or denature proteins to a point where they can be 

completely digested (Fisher and Johnson, 1958), overheating can damage proteins and arnino acids 

and render them unavailable to the animal (McGimis and Evans, 1947). The mechanism 

responsible for the overheating damage in hown  as the Maillard reaction, where the epsilon 
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amino acid group reacts with free reducing sugar to fom a complex (Moran et al., 1963). 

Accurate control of heating is therefore necessary to maximize the benefit of heat processing. 

Micronization is a dry-heat process where industrial propane is burned over ceramic tile 

or nichrome wire elements to produce infrared electromagnetic short waves (McNab and Wilson, 

1974). While there are no documented reports indicating the effect of micronization on the 

numtive value of S. am, it has been shown to improve the nutritive quality of cereai grain for 

growing pigs (Lawrence, 1973) and chickens (Douglas et al., 1991). Positive effects of 

micronization on nutrient utilization have also been reponed for full fat soybeans (Hunon and 

Foxcroft, lm) and faba bans (Vicia faba) (McNab and Wilson, 1974). 



CANOLA-QUALITY SINMIS ALBA MUSTARD: CHEMICAL COMPOSITION 

AND THE EFFECT OF MICRONIZATION ON SEED QUALITY 



The Sinupis albD (white mustard) species holds great potential as a high protein and high energy 

alternative to fuii fat soybean. It has superior heat and drought tolerance in c o m p ~ s o n  to 

conventional fanola, and is therefore weii suited to production in dryland areas. Although it has 

been grown for sometime as a condiment crop, it is only recently that plant breeders have 

developed a S. alba cultivar with low contents of glucosinolates and emcic acid. The objective 

of this study was to evaluate the nutritive profüe of S. alba and to explore the potentiai for use 

of the fidl fat seed in rnonogastric animal nutrition. Detaïled chernicd characterization of S. alba 

in comparison with selected feedstuffs (ie., soybean, canola, lupin and pas )  was canied out. 

Digestible protein content in defatted and heat-treated S. alba seed averaged 70.8 % of total protein 

which is equal to or higher than values for other feedstuffs. In comparison to the full fat soybean, 

S. alba seed contained more oil (26.4% vs 20.2 96) but less protein (37.5 % vs 41 -4%) with the 

content of the two major nutrients in favour of the S. alba sample (63.9 % vs 6 1.6%). S. alba 

seed contained sliphtly more methionine and cystine (3.60 vs 3.33 g/16g N) but less lysine (5.78 

vs 6.49 g116g N) than soybean. The sucrose content was lower in S. alba than in soybean (3.3 % 

vs 5.2%) dthough this was offset by the presence of starch (1.3%) which was not detected in 

soybean. Considering the remarkable difference in seed size, S. alba having a 20-fold srnaller 

seed than soybean, only a s m d  difference in the total dietary fibre content was observai (22.2 % 

vs 18.8 % for S. alba and soybean, respectively). Soluble dietary fibre content (ie., mucilage), 

as determined under simulated conditions of the gastrointestinal tract, was found to be 1.7%. A 

lower content of oligosaccharide (3.4% vs 5.1%) and higher contents of calcium (0.66% vs 
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0.39%) and available (non-phytate) phosphorus (0.27% vs O. 12 X )  were among other positive 

characteristics associated with the S. a h  crop. Although still relatively high and potentidly a 

limiting factor, the glucosinolate content of the new S. alba cultivar was show to be 35.3 pmol/g 

which is substantially lower than that present in current condiment varieties. Tempering 

the S. a h  seed to 20% moisture content and micronization at temperatures up to 140°C 

(temperature semng on the micronizer) improved protein digestibility in vitro and substantially 

lowered the activity of myrosinase enzyme. 



INTRODUCTION 

It has been recognized in this laboratory that the canola cype Sinapis a h  white mustard 

holds great potential as a high protein and high energy alternative to full fat soybean. Although 

it has been grown for sornetime as a condiment crop, it is only recentiy that plant breeden have 

developed a "canola quality" cultivar with low contents of glucosinolates and emcic acid 

(Krzymanski et al., 1991 ; Raney et aL , 199%). SÙzapLr alba has superior heat and drought 

tolerance in comparison to conventional Bmssica napus and B. mpa canola, and is therefore well 

suited to production in dry land areas. It has a high resistance to blackieg disease (Lestophaeria 

maculanr) and flea beetle anacks. Funher advantages include a highly shatter resistant seed pod 

and a large bright yellow seed. 

In Canada, the production of condiment S. alba occurs predominantly in the Prairie 

provinces of Manitoba, Saskatchewan and Alberta. The condiment variety, however, contains a 

signifiant amount of erucic acid (25-45 % of the fatty acid profile) and has a high glucosinolate 

content (approximately 200 pmollg oil free meal) (Hemingway, 1995). Due to the goitrogenic 

and antinutritive effects of glucosinolates (Bell, 1984) and potentially negative irnp lications related 

to erucic acid consumption (Kramer et al., 1977) leading to reductions in oil/meal quality, 

condiment S. aiba is unsuitable for use in monogastric animal feeding. Various plant breeding 

approaches have been undertaken in an anempt to reduce glucosinolate and emcic contents in 

SUiapis alba seed. Development of a low glucosinolate line in Poland (Knymanski et al., 1991) 

and a low emcic acid line in Canada (Raney et al., 199%) offen some potential for funher 

development of an improved low glucosinolate, low emcic acid cultivar better suited for 
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rnonogasaic animai feeding. However, further plant breeding efforts are necessary to combine 

the low gluwsinolate and low erucic acid characteristics to further impme the nutritive quality 

of the S. a h  seed. 

It is well hown that heat processing is an effective method of improving the nutritive 

value of feedsaiffs for monogasûic animals (McNab, 1982). Nordheim and Coon ( 1984) reported 

that some form of heat treatment is necessary to alter the tertiary structure of plant protein to allow 

the protein to become more susceptible to protein hydrolysis. Micronization is a dry-heat process 

where indusaial propane is burned over ceramic tile or nichrome wire elements to produce 

infrared electromagnetic short waves (McNab and Wilson, 1W4). While there are no documented 

reports indicating the effect of micronization on the nutritive value of S. a h ,  the process has 

been show to improve the nutritive quality of cereal grain for growing pigs (Lawrence, 1973) 

and chickens (Douglas et al., 1991). Positive effects of micronization on nutrient utilization have 

also been reported for full fat soybeans (Hutton and Foxcroft, 1975) and faba bans (Vicia fah)  

(McNab and Wilson, 1974). 

Little is known regarding the nutritive make-up of the canola type S. a h  seed. The 

objective of the present study was to gather detailed information on the chernical composition of 

the S. aba seed in cornparison with traditional feedstuffs, Le., soybean, mnola, lupin and peas. 

Any potential beneficial effect of micronization technology on the nutritive quality of the S. ahu 

seed was also investigated. 



Seed samples of canola type Sinapis dbu white mustard (1995 crop) and a conventional 

canoh (BrasSica napu CV. Excei) were provided by Agriculture and Agri-Food Canada, Research 

Station, Saskatoon, Saskatchewan. Soybean seed was obtained from ADM Animal Health and 

Nutrition (Des Moines, IA, USA). Seedtech Inc. (Qu' Appelle, Saskatchewan, Canada) provided 

white lupin seeds and Fisher Feeds (Dauphin, Manitoba, Canada) supplied the pea sample, cv 

Impaia. 

The effect of micmnhtion was studied in two experirnents. One portion of S. albo seed 

was micronized b y In fra-Read y Products Inc. (Saskatoon, Saskatchewan, Canada) using seven 

different temperatures ( 100°C and 1 10 to 135" C in 5 ' C incrernents) with no moisture added 

(experiment one). Another set of samples (expriment two) was obtained by tempering the seed 

to 20 % moisture content and micronizing at 1 10 to 140°C in 5'C incrernents. 

The raw and rnicronized S. alba seed samples dong with soybean and B. napus canola 

seeds were crushed to pass through a 2 .O mm sieve and were extracted with n-hexane for 8 hrs  

in a Kontes Macro Soxhlet apparatus (Fisher Scien tific, Edmonton, Alberta, Canada). Foilowing 

drying under a fumehood, the meals were re-ground to pass through a lmm sieve and were re- 

extracted with n-hexane for an additional 8 hrs. The lupin and peas were ground to p a s  through 

a 1 mm sieve using a Tecator Cyclotec 1093 sample mil1 (Fisher Scientific, Edmonton, Canada). 

Portions of the samples were moist heat treated at 108 1 OC for 20 minutes in a labontory 



autodave and w e n  dried ovemight at 4û°C (Simbaya et al., 1997). For fat andysis, the high-oil 

seed samples (ie., S. &a and B. napus canola) were ground in a conventional coffee M. 

Chemicai Analyses 

Representative samples of the S. &a, soybean, B. napur, lupin and pea meals were 

andyzed in duplics:c for moisture, crude protein, ash, calcium and phosphorus contents using 

established standard methods of analysis (AOAC, 1990). Fat content was determined by the 

AOAC method recommended for animal feed (920.39) with the exception that ether was 

substituted with n-hexane and the extraction time was 12 hours. Sucrose and oligosaccharides 

were detennined by gas-liquid chromatography according to the procedure dexnbed by Slominski 

(1994). Phytate was determined by the method of Hang and Lantzsch (1983). 

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

detergent-soluble non-starch polysaccharides (NSP) measurements and was calculated as the sum 

of NDF and detergent-soluble NSP (Slominski et al., 1994). Detergent-soluble NSP was 

calculated as total sample NSP minus NSP present Ui the NDF residue. The value for Lignin and 

other fibre components (ie., ce11 wail protein, minerds, etc.) was calculated by difference (total 

dietary fibre - NSP). The method of Goering and VanSoest (1970) was used for the determination 

of NDF, except that the procedure was modified to exclude the use of decalin and sodium sulfite 

(Mascharanhas Ferreira er al., 1983). Non-starch polysaccharides were determined by gas-liquid 

chromatography (component neutral sugan) and by cdonmetry (uronic acids) using the procedure 

descnbed by Englyst and Cummings (1984, 1988) with minor modifications (Slominski and 
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Campbell, 1990). The content of NSP was measured in both the meais and the NDF residues. 

Starch was determined using the NSP procedure in which starch gelatinization with 

dirnethylsulfoxick was substituted by treating the samples with boiling water for 30 min. Starch 

hydrolyzing enzymes (ie., a-amylase, pullulanase and amyloglucosidase) were excluded-from the 

procedure and the starch content was calculated by difference between total sample glucose (ie., 

no enryiiie added) and the NSP glucose. 

Amino acid content of the meals was detennined on an LKB Biochrom 4151 Alphaplus 

amino acid analyzer Piochrom, Science Park, Cambridge, UK) following hydrolysis of the 

samples with 6N hydrochlonc acid at 1 10°c for 24 hrs (Andrews and Baldar, 1985). Methionine 

and cystine were analyzed following a 20 hr oxidation with performic acid (Moore, 1963). 

Analysis for tryptophan was not carried out. 

Glucosinolates were analyzed by gas-liquid chrornatography using the procedure of Thies 

(1977) as modified by Slominski and Campbell (1987). Benzyl (glucotropaeolin) and allyl 

(sinigrin) glucosinolates were used as the internai standards. Myrosinase activity in micronized 

samples of S. alba was determined by difference between total sample glucosinolate content and 

the glucosinolates remaining following incubation of the meal with distilled water (autolysis) at 

40°C for a defined penod of time. Glucosinolate analysis was conducted using sinigrin as the 

interna1 standard. One unit of myrosinase activity was defined as the amount of enzyme that 

catalyses the hydrolysis of I pmol of glucosinolate per 1 min. 

Digestible protein and water-soluble fibre contents were determined in vitro using the 

digestion/dialysis unit and the procedure described in detail by Simbaya et al. (1997). Lysine 

availability was determined indirectly using the dye binding capacity procedure outlined by Moran 
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(1963).This gives an indication of lysine availabiiity since orange G binds to the fkee amino 

groups of lysine. The more dye that binds to the meal, the higher the avaiIahle lysine content. 

AU chernical analyses were perforrned in duplicate. 

Seed size was detenriined in triplicate by weighing 100 seeds from each S. &a, B. v u s  

and soybean samples and was expressed as gram per Io00 seeds. 

Data were subjected to analysis of variance (ANOVA) using the general linear models of 

statisticd analysis system (SAS Institute, 1990) and the procedures of Snedecor and Cochran 

(1980). Tukey 's procedure was used to compare and separate treatment means. 

RESULTS A i i  DISCUSSION 

The chernical composition of the Sinapis alba sample as compared to selected feedstuffs 

is shown in Table 5. The results for soybean, B. nopur canola, lupin and peas corresponded with 

those previously published (NRC, 1994; InfraReady Technical Information, 1995; Moharned and 

Rayas-Dutarte, 1995; Canola Council of Canada, 1997; Igbasan and Guenter, 1997), with the 

exception of the protein and fibre values for soybean, which were lower in the published literature 

than reported in this study. S. alba contained more protein than B. n a p u  canola, lupin or p a s ,  

but l e s  than soybean. The oil content of S. alba was lower than in B. napus canola but higher 



Table 5.  Chernical composition of Sulapis alba as compared to selected feedstuffs (96 DM, 
full kt bais) 

Cornponent S. a h  Soybean B. napus Lupin Peas 
canola 

Protein 

Oil 

Sucrose 

Oligosaccharides 

S tarc h 

Total dietary fibre: 

- N S P  

- Lignin & others4 

Water-soluble fibre 

Ash 

Calcium 

Total phosphorus 

Phytate phosphorus 

Non-phytate phosphorus 

l Mean ISD; ' Not detected; Non-starch polysaccharides; * Includes lignin with associated 
polyphenols, ce11 wall protein and some minerais 



than that found in soybean, lupin or p a s .  

Sucrose, a highly digestible carbohydrate, showed lower value for the S. aloa sample in 

cornparison to soybean or B. napus canola. However, the lower sucrose wntent was somewhat 

offset by the starch wntent. 

As compared to other feedstuffs, S. alaa was found to have an intermediate content of 

oligosaccharides, raffinose and stachyose. Although previous research (Coon et al., 1990) has 

indicated oligosaccharides as having a negative effect on energy utilization in soybean, recent 

studies involving canola meal have shown this effect to be less pronounced (Slominski et al., 

1994b). As no work has been undertaken on S. aZba in this regard, it is uncertain what effect the 

oligosaccharides would have on its nutritive value. 

Dietary fibre content of the S. oloa seed was found to be higher than in B. nupus canola, 

soybean and peas. Seed weights (Table 6) were similar to those reported by Velisek et al. (1995), 

although slightly lower. In agreement with earlier reports (Carré and Brillouet, 1986; Bach 

Knudsen, 1997) lupin showed the highest fibre content. Although dietary fibre content has been 

reported to be negatively correlated with the seed weight (Downey, 1983; Jensen et al., 1995; 

Simbaya et al., 1995; Liu et al. , l995), only a srnall difference in the total dietary fibre wntent 

between S. alba and soybean was observed. In this context, soybean was found to have a 20-fold 

larger seed than S. alba (Table 6). The di fference between S. alba and B. napus canola also do 

not conform to the concept that seed size is inversely related to fibre content. Earlier research on 

B. napur and B. rapa canola (S lom inski et al.. 1994a; S imbaya et al. , 1995; Slominski , 1997) 

have indicated that factors other than seed size ie., the colour of the seed or the embryokotyledon 

ceIl size may significantly affect the level and nature of dietary fibre. Since S. aloa has a large 



Table 6. Seed weight of Sinupis albo as comparexi 

Sample Seed weight, gllûûû seais 

SimpiE oloa 

Brassica napus 

Soybean 





Table 7. Non-starch polysaccharide profiles of S. a h ,  B. napus canola, soybean, lupin and peas 
(% of total) 

- -  

Component S. a h  B. napus Soybean Lupin Peas 
Sunar canola 

Rhamnose 

Fucose 

Arabinose 

Xylose 

Mannose 

Galactose 

Glucose 

Uronic acids3 

Mean ISD; 'traces 



to nutrients absorption (Johnson 

reduced weight gains, higher 
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and Gee, 198 1; Graham and h a n ,  1991). This may result in 

feed conversion ratios and lower AME values for poultry 

(Kritchevsky, 1988; Campbell and Bedford, 1992; Choct, 1992). 

Ash, phosphoms and calcium levels are presented in Table 5. Ash level of S. a h  was 

similar to soybean and higher than that found in other feedstuffs. S. aBa seed had the highest 

calcium level of al1 feedstuffs andyzed. Total phosphoms content of S. abu sample was aiso 

higher than that of other feedstuffs, with the exception of B. nupur canola which had a phosphorus 

level equal to S. alba. In cornparison to canola, lupin and p a s ,  the higher phytate phosphorus 

level in the S. aiba m p l e  resulted in a somewhat lower content of non-phytate phosphorus. 

Soybean, however, had the lowest available phosphorus content among the feedstuffs analyzed. 

The arnino acid profiles of S. alba, soybean, B. napus canola meal, lupin and peas are 

presented in Table 8, providing an indication of the protein quality. Arginine levels in S. a h  

sample were similar to B. mpus canola and lower than in the other feedstuffs. Lupin had lower 

lysine contents than S. alba, while soybean, B. nopur canola and peas had higher levels. S. alba 

was rich in histidine, threonine, valine and isoleucine. Similarly to soybean, S. alba contained 

less methionine and cystine than canola. Overall amino acid profile of S. a h  sample supports 

the concept of S. alba seed being a valuable protein supplement. 

The glucosinolate content of S. alba and B. napur canola are show in Table 9. The 

glucosinolate content of the S. aba sample averaged 7.7 pmollg and was considerably lower than 

that of the condiment vanety ( - 200 pmollg oil free meal; Hemingway, 1995). When a standard 

procedure for glucosinolate analysis with benzyl glucosinolate (glucotropaeolin) as an interna1 

standard was employed, the glucosinolate content was also lower than that found in the 



Table 8. Arnino acid composition of Sihapis a h  as compared to selected feedstuffs 
(gf16g N) 

- - 

Amino Acid S. alira Soybean B. napw Lupin 
canola 

Peas 

Alanine 

Arginine 

Aspartic acid 

Cystine 

Glutamic acid 

Glycine 

Histidine 

Isoleucine 

Leucine 

Lysine 

Me thionine 

Phenylaianine 

Proline 

Serine 

Threonine 

Tryp top han 

Tyrosine 

Valine 

TOTAL 91 .mb 98 .59  94.98" 95.3Y 94.75' 

Values within rows with no common superscripu differ significantly (Ps0.05) 
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conventional B. napur canola (see Table 9). This is in agreement with studies by Raney et al. 

(199%) who ascertained that low glucosinolate, low erucic acid S. a h  seed contained 13.5 

pmol/g oil free meal. A glucosinolate content of 6 pmollg oil extracted meai was reported by 

Uppstrom (1995) for another low glucosinolate sample of S. alba white musrard. Careful 

examination of the gas-liquid chromatograms, however, indicated that the peak of benzyl 

glucosinolate, the intemal standard added to the sample, was larger than that nonnaiiy seen in the 

conventionai glucosinolate analysis performed on the m o l a  meal. When the interna1 standard was 

changed to allyl glucosinolate (sinigrin) it appeared evident that the sample of S. a h  contained 

significant amount of benzyl glucosinolate (Fig. 3). As a consequence, the use of sinigrin as an 

intemal standard resulted in much higher glucosinolate content than that originally determined. 

This finding was funher confirmed by the laboratories of Agriculture Canada in Saskatoon and 

the Plant Breeding Institut. in Poland (Rakow and Krzymanski, personal communication). When 

using sinigrin as an intemal standard, both laboratories showed much higher glucosinolate content 

than was initially detected in several S. a h  sarnples of similar genetic background. Since, in 

general, benzyl glucosinolate is not present in the condiment mustard, it muld be speculated that 

somewhere in the selection programs the synthesis of aromatic glucosinolates has been impaired 

resulting in incomplete hydroxylation of benzyl to OH-benzyl glucosinolate. This finding was 

further substantiated by the rather uncommon profile of indole glucosinolates found in the S. aloa 

sample. From data presented in Table 9, it would appear evident that the hydroxylation of 

indolylmethyl to OH-indolylmethyl glucosinolate was dso incomplete in the S. alba sarnple. The 

nutritional implications of such changes in the glucosinolate profile, however, will more likely be 

minimal as there is no evidence of different antinutritive responses to either form of aromatic 



Benzyl Clucosinolate as IS 

38 

AH$ Glucosinolate as IS 

Figure 3 .  Chromatogaphic profiles of glucosinolates in a) S. nlhn seed usine b e ~ l  
glucosinolate as interal standard (IS) (7.3 pmoVg oil free meal) and b) S. alba seed 
using allyl glucosinolate as 1s (35.3 prnoVg oil free meal). Peak identification as 
Follows: I ,  allyl; 2. 3-butenyl; 3, 2-OH-3-butenyl; 4, benql ;  5, 4-OH-benzyl; 6 ,  
3-indolylrnethyl; 7, 4-OH-3-indolylmethyl. 



Table 9. Glucosinolate content of non-heat treated and heat-treated Sinupis aibu and 
Brassim napus canola (pmollg oil free meal) 

GluwsinoIate (benzyl G as IS1) (allyl G as 1s') (benzyl G as 1s') 
non- heat heat non- heat heat non-heat heat 

treated treated2 treated treated2 treated treated' 

2-OH-3-bu teny 1 

2-OH-Cpentenyl 

benzyl 

4-OH-3- 
indolylmethyl 

-- - - - -- -- - - -- - 

TOTAL 7.7 5.8 35.3 26.5 20.5 12.3 

l intemal standard; ' 108'C f 1°C for 20 minutes; ' not detected 



40 

glucosinolates. Application of heat treatment, however, may resuit in the formation of different 

arnounts of breakdown products sinœ benzyl g!ucosinolate appears to be less stable than its 

hydroxy derivative while the 3-indolylrnethyl glucosinolate withstands higher temperatures than 

the COH-3-indolylmethyl glucosinolate (Table 9). High srability of OH-benzyl glucosinolate at 

elevated temperanires and susceptibility of OH-indole glucosinolate to any fonn of heat treatrnent 

is in agreement with earlier data fiom this laboratory (Slominski and Campbell, 1989; Campbell 

and Slominski, 1990). 

High glucosinolate content encountered in the current study necessitated further research 

on the potentially positive effect of heat matment on S. alba seed quality. Such studies were 

undertaken in response to earlier reports indicating beneficial effect of heat treatment on 

digestible protein contents in soybean (Qin et al., 1996) and canola (Slominski et al., 1998). The 

micronization technology has been chosen for these studies. The effect of micronization on 

digestible protein content and myrosinase enzyme activity were studied in two expenmenu. In 

experiment 1, the seed was subjected to different micronization temperatures without moisture 

addition, while in experiment 2, the seed was tempered to 20% moisture content and then 

micronized. It must be stressed herein that the rnicronization temperatures represented the 

instrument settings and did not reflect the temperanires inside the micronized seed. 

It is important to remember that heat treatment of feedsniffs may result in the browning 

or Maillard reaction in which the epsilon arnino acid groups react with free reducing sugar (eg. 

glucose) to form complexes including Amadori producu and advanced glycation end products 

(Friedman, 1996) which, for the most part, are unavailable to the animal. The production of 

Maillard reaction products is often evidenced by an increase in neutral detergent fibre (NDF) 
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content. Increased NDF with increased processing temperatures was observed by Keith and Bell 

(1983) in mnola md. Underheating the seed sample, on the other hand, may not effectively 

modify the tertiary structure of the protein thereby resulting in improved protein digestion. In an 

attempt to establish optimum conditions for processing of canola seed, Slominski et al. (1998) 

documented that digestible protein increased substantiaily with increased temperature of moist heat 

treatment up to 108°C. Heat treatment below 105 OC was not effective in promoting protein 

digestibility. In the same study, the reduction in digestible protein content for samples heat treated 

at temperatures above 1 10°C was substantial and the extent of protein damage was reflected by 

high NDF content and a high protein content in the NDF residue. Therefore the parameters 

chosen in the current saidy to monitor any potential alterations of the protein molecuIes included 

protein digestibility in &O, and the NDF and dye binding mpacity measurements. 

The effect of temperature of micronization on selected quality parameters of the S. aloa 

seed is shown in Table 10. There was no difference in digestible protein content as the heating 

temperature increased and, as compared to the non-heat treated meal, the protein digestibility 

increased only slightly and remained below the 71 % value found for the sample heat treated under 

more optimal conditions. The lack of improvement in digestible protein content suggesu that the 

optimal processing conditions may not have been anained (Slominski et al., 1998), resulting in 

somewhat inferior protein digestibility. This may be due to the fact that no moisture was added 

pnor to micronization. Neither NDF nor dye binding capaci ty measurements indicated any 

protein damage. In addition, the myrosinase activity of samples micronized at 125-135'C was 

still very high with the level of activity suficient for hydrolysis of al1 sample glucosinolates within 

3 minutes. 



Table 10. Effect of SUinpis a h  seed micronization (no moisture added) on dye binding 
capacity, NDF, digestible protein content and myrosinase activity in the oil free 
meal 

Micronization temperature Orange G Bound NDF (56) Digestible Myrosinase 
(Oc)' ( m g k  meal) Protein (%) Activi# 

Non-heat treated sarnple - 

Sample heat treated at - 
1 0 8 O C  for 20 minutes 

Represents temperature setting on the micronizer; ' One unit of activity is defined as the amount 
of enzyme that catalyses the hydrolysis of 1 pmol of glucosinolate per 1 minute 

Kbnc Values within columns with no common superscripts differ significantly (Ps0.05) 
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Tempering the seed to 20% moisture content prior to micronization (Table 11) resulted in 

improved protein digestibili ty , with the digestibility approaching the level detected for the 

laboratory prepared meal. In cornparison to expenment one (Table IO), some increase in dye 

binding capacity measurement was noted. There was slight improvement in the amount of orange 

G bound to the micronized S. alba as the temperature increased. Although the myrosinase was 

inactivated to a greater extent than that seen in expenrnent one, the detectable level of 1.0 unitlg 

oil free seed of enzyme activity was still present in the seed micronized at the highest temperature 

(i.e., 140°C). 

Although the digestible protein content approached the level of the seed treated under 

optimal conditions, the heat treatment employed in the current saidy may have not been optimized. 

This is substantiated by the presence of rnyrosinase activity in the seed micronized at the highest 

temperaaire (ie., 140°C). The protein digestibility and NDF results indicate that the temperature 

semngs on the micronizer may have exceeded the temperature achieved within the seed by 

approximately 35-40°C. It also appears that the optimal temperature for micronization of S. a h  

seed may be in the range of 140- 150°C. 

The chernical composition of the canola eype Sinapis alba seed indicates that it holds 

potential as a high protein and high energy feedstuff. Further research is needed to evaluate the 

nutritive value of the seed in MVO. 



Table 1 1. Effkct of Sinapis &a seed micmnization (tempered to 20% moisaire content) on dye 
binding capacity, digestible prottin and myrosinase activity in the oil free meal 

Minonization temperature Orange G Bound Digestible Protein Myrosinase 
m1 ( m g k  meal) (96) ~ct ivi#  

110 60Ab 48.p 22.7" 

Non- heat treated sample - 
Sample heat treated at 
108'~ for 20 minutes 

1 Represents temperature setting on the micronizer; One unit of activity is defmed as the amount 
of enzyme that catalyses the hydrolysis of 1 pmol of glucosinolate per 1 minute 

Values within columns with no common superscripts differ significantly (Pr0.05) 



No missing data on page 45. 



CANOLA-QUALITY SINAPIS ALBA MUSTARD: NUTRITIIVE; VALUE AND 

THE EFFECT OF HEAT TREATMENT ON AMIN0 AClD AND ENERGY 

AVAIILABILITIES FOR POULTRY 



ABSTRACT 

This study was conducted to investigate the feeding value of the fidi fat Sinapis &a seed in 

cornparison to selected feedstuffs (ie. , micronized soybean seed and commercial soybean and 

canoh mals). Raw, rnicronued (MO0 C) and autoclaved (108 O C )  S. alba seeds were evaiuated 

for digestibie protein content, myrosinase activi ty , glucosinolate content, bue metabohable 

energy (TMEJ, true arnino acid avaiiability (TAAA) and broiler chicken performance. Heat 

treat ment of the S. a l h  seed decreased glucosinolate content, effectively inactivated the 

myrosinase enzyme, and increasd digestible protein content in &o. The autoclaveci S. alba seed 

showed higher TME, value than the raw and micronized samples (3031 vs 2270 and 2460 

kcal/kg). The micronized soybean seed was found to contain the highest TM& value (3790 

kcdkg). Regardles of heat treatment employed, the TAAA of the S. alba seed was lower than 

that of micronwd soybean seed, commercial soybean meai and commercial canola meai. Broiier 

chickens fed rations containing 10 % of the raw, micronized and autoclaved S. alba seed showed 

similar feed intake, weight gain and f d  to gain ratio to those fed micronized soybean seed. 

There was no difference in chicken performance between diets containing 10% or 20% of 

 micro^ S. alba reed. As cornparrd to other treatments, feeding of the ration containing 20% 

of the autoclaved S. albo seed resulted in poorer feed intake, weight gains and feed efficiency. 



INTRODUCTION 

lt hhas been rrcognized in this laboratory that the canola type Sinapis dba white mustard 

holds great potential as a high protein and energy feedstuff for the Canadian Prairies. Aithough 

it has been grown for sornetime as a condiment crop, it is only recently that plant breeden have 

developed a 'canola quality" cultivar with low contents of glucosinolates and erucic acid 

(Krzymanski ef al. , 199 1 ; Raney et al., l99Sb). 

Detailed chernical characterization of canola type S. alba in cornparison to selected 

feedstuffs (ie., soybean, canola, lupin and peas) has b e n  completed in this laboratory (Manuscript 

1). in cornparison to the fuli fat soybean, S. alba se& contained more oil (26.4% vs 20.2%) but 

less protein (37.5 % vs 4 1.4 %) with the content of the two major nutrients in favour of the S. alba 

sarnple (63.9 % vs 61.3 2). Soluble dietary fiber content (ie., mucilage), as determined under 

simulated conditions of the gastrointestinal tract, was found to be 1.7%, relatively high as 

compared to the other fds tuffs  analyzed. This is of concem, as high soluble fibre levels may 

contribute to in testinal viscusity , leading to possible reductions in bird performance (Kritchevsky, 

1988; Campbell and Bedford, 1992; Choct, 1992). Although su11 relatively high and potentidy 

a lirniting factor, the glucosinolate content of the new S. alba cultivar was shown to be 35.3 

pnol/g which is substantially lower than that present in current condiment varieties (-200 pmoVg 

oil free meal; Hemingway, 1995) . 

It is well known that heat processing is an effective method of improving the nutritive 

value of fdstuffs for rnonogastric animals (McNab, 1982). Nordheim and Coon (1984) reported 

that some form of heat treatment is necessary to alter that tertiary structure of plant protein to 
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dlow the protein to becorne more susceptible to protein hydrolysis. Micronization is a dry-heat 

proceu where industrial propane is bumed over ceramic tile or nichrome wire elements to produce 

infrared electromagnetic short waves (McNab and Wilson, 1974). While there are no documented 

reports indicating the effect of micronization on the numtive value of S. aloa in Mvo, it has been 

show to have improved the nutritive quality of cereal grain for growing pigs (Lawrence, 1973) 

and chickens (Douglas et al., 1991). As well, positive effects have been repomd for full fat 

soybeans (Hunon and Foxcroft, 1975) and faba bans (Vicia faba) (McNab and Wilson, 1974). 

In &O, micronization of the S. a h  seed at temperatures up to 140 OC (set temperature on the 

micronizer), afkr tempering to 20% moisture, improved protein digestibility, lowered the activity 

of myrosinase enzyme and did not affect the available lysine content. 

The objective of this study was to evaluate the nutritive value of canola type S. alba white 

mustard by examining productive performance of broiler chickens, and energy and amino acid 

availabilities using an adult rooster TME,, assay. The effect of heat treatrnent on energy 

availability and amino acid digestibiliaes was also investigated. 



MATERIALS AND METEODS 

Materials 

Seed sample of canola type SUrapis oloa white mustard (1996 crop) was obtained from the 

Agriculture and Agri-Food Canada Research Station (Saskatoon, Saskatchewan). A micronized 

soybean se& was provided by MaReady Products Inc. (Saskatoon, Saskatchewan). Commercial 

soybean meal (48 % CP) was acquired from Feed-Ri te (Winnipeg , Manitoba). Canola m e .  was 

obtained from a local crushing finn (Altona, Manitoba) while wheat (cv. Katepwa) was provided 

by the Glenlea Research Station, University of Manitoba. 

A portion of S. a h  & was tempered to a 20% moisture content and was micronized at 

140 '~  by InfraReady Products hc. A laboratory heat-treated sample of S. alba secd was obtained 

following t e m p e ~ g  the seed to a 35% moisture content and autoclaving in a laboratory autoclave 

(American Sterilizer Company of Canada, Brampton, Ontario) for 20 minutes at 108'~ f lot 

(timing began afrer desired temperature was attained). The autoclaved seed was then dried in an 

oven at 60°C for 45 hours. 

For animal experiments, the raw, microniad and autoclaved S. alba seed samples and the 

micronized soybean se& were crushed to pass through a 2.0 mm sieve usinp a Wiley mil1 

standard mode1 No. 3 grinder (Arthur H. Thomas Company, Philadelphia, USA). For chernical 

analyses the full fat meals were re-ground in a conventional coffee mal. The commercial soybean 

and canola meal samples were ground to pass through a 1 mm sieve using a Tecator Cyclotec 1093 

sample mill. 



Representative samples of feedstuffs, diets and excreta were anaiyzed in duplicate for 

moisture and nitmgen contents using established standard methods of analysis (AOAC, 1990). 

Fat content was determined by the AOAC method recommended for animal fked (920.39) with 

the exciption that ether was substituted with n-hexane and the extraction time was 12 houn. 

Glucosinolate contents of raw, mimnized and autoclaved S. &a seed and the commercial 

canola meal were analyzed by gas-liquid chromatography using the procedure of Thies (1977) as 

rnodified by Slominski and Campbell (1987). Benzyl (glucotropaeolin) and aUyl (sinigrin) 

g!ucosinolates were used as the intemal standards for the canola and S. alba samples, respectively. 

Myrosinase activity in samples of S. a h  was determined by difference between total sarnple 

glucosinolate content and the glucosinolates remaining after incubation of the meal with distilled 

water (autolysis) at 40°C for a defined p e n d  of time. One unit of myrosinase activity was 

defined as the amount of enzyme that catalyses the hydrolysis of 1 pmol of glucosinolate per 1 

min. 

Digestible protein and water-soluble fiber contents were determined in virro using the 

digestionldiaiysis unit and the procedure described in detail by Simbaya et al. (1997). 

Amino acid contents of the feed and excreta samples from the TM& assay were 

deterrnined on an LKB Biochrorn 415 1 Alphaplus amino acid analyzer (Biochrorn, Science Park, 

Cambridge, UK) following hydrolysis of the samples with 6N hydrochlonc acid at 1 1 0 ' ~  for 24 

hrs (Andrews and Baldar, 1985). Methionine and cystine were analyzed foilowing a 20 hr 

oxidation with performic acid (Moore, 1963). Prior to analyses, the excreta samples were ground 
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in a coffee mill and equilibrated to atmospheric conditions for 24 hrs. 

Gros  energy was determineci using an sniabatic bomb calonmeter (Parr Instrument Co., 

Moiine, IL). Die& and excreîa samples h m  the bmileb study were analyzed for chromium oxide 

using the procedure descnbed by Williams et al. (1963). 

Animal Ekperiments 

True metabolizable energy (TMQ and true amino acid digestibilities were deterrnined 

using the assay descnbed by Sibbdd (1986) with some modifications of Zhang et al. (1994). 

Each sample was precision-fed (25g per bird) to two groups of I l  mature single comb white 

leghorn cockerels (45 weeks old) following a 28 hr fasting period. During the next 48 hrs, the 

excreta fiom each bird was collected. The excreta samples were then frozen, freeze-dned, ground 

to pass through a 1 mm sieve and pooled for analysis of gross energy, nitrogen (Kjeldahl) and 

amino acid contents. The excreta from two groups of unfed birds (n =30) was used to determine 

the endogenous excretion of energy, nitrogen and amino acids. Al1 birds were housed in 

individual wire rnetabolic cages, were exposed to 14 hrs of light per day and had free access to 

fresh water throughout the experirnental period. The treatments consisted of raw, autoclaved and 

micronized S. alba se&, micronized soybean seed and commercial soybean and canola meals. 

The nutritive value of Sinapis alba seed was further evaluated in a two-week feeding trial 

wi th broiler chickens. One-day-old vaccinated (Marck's) male, Arbor Acre x Peterson broiler 

chickens were obtained from a local commercial hatchery. From Day 1 to Day 4, the birds were 

housed in themally controlled Jamesway brooder batteries with raised wire floors. The chicks 
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were exposed to 24 hrs of light per &y and fed a standard brder chick starter diet (Feed-Rite) 

od &inon. On Day 4, birds were fasted for 4 hrs before k i n g  individuaiiy weighed and placed 

into m w  weight classes. Groups of five birds were then assigned to pens in Petersime brooder 

batteries such that aii pens had a sirnilar initial weight. Each treatment was randomly assigned 

to 10 repiicates @ens). From Day 4 to Day 18, the birds were fed experimental diets that were 

in a mash fcm. The birds had free access to water and feed and were provided with continuous 

light. Birds were weighed on days 1, 7 and 14, and feed consumption was recordai after 7,10 

and 14 days of expriment. Pnor to the 14-&y weighinp, the birds were fasted for 4 hrs. 

The experimental die& included two control diets consisting of a commercial soybean 

meaVcanola meal (control A) and a micronized fuli fat soybean meal (control B). The beatment 

diets contained the raw S. alba çeed (10% inclusion rate), rnicronized S. alba seed (10% and 20% 

inclusion rates) and autoclaved S. alba seed (10% and 20 % inclusion rates). 

In formulation of experimental diets, the energy contents assigned to the commercial 

soybean and canola meah as well as the micronized soybean seed were 2520, 2140 and 3440 

kcal/kp (as fed basis), respectively. Al1 energy values were based on the preliminary TMK 

measurements from this study and were similar to those reporteci earlier (NRC, 1994; Leeson and 

Summen, 199 1 ; Canola Council of Canada, 1997; InfraReady Technical Information, 1995). In 

the case of S. dba se&, the value of 3040 k c . k g  representative of the autoclaved seed was used. 

This value was used to formulate al1 three S. albu diets, including those containkg raw and 

micronized seed. Since the raw and micronized S. alba seeds showed lower energy contents by 

approximately 25 and 20%. respectively, it was assumed that the difference in energy avaüability 

would also be reflected in the broiler chicken performance and AM& values. Composition and 
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caicuiated analyses of experirnental diets are shown in Table 12. 

On Day 15 of the experiment, the excreta sarnples were collecîed over a 3 hr pend, 

pooled into 4 sainples per m e n t  and then fiozen and freeze-dred. Die& and excreta samples 

were analyzed for chromic oxide (Cr203; intemal marker), gross energy (GE) and nitrogen 

(Kjeidahl) contents. 

Digestibility of experimental diets and apparent metabolizable energy (w contents 

were calculated as folows: 

Diet digestibility (56) = 11-(Cr,03 , , /Cr203 x 100 

On Day 15 of the experiment, 8 birds per treatment were randomly selected for intestinal 

viscosity measurement. The birds were kilied by cervical dislocation and the abdominal cavity was 

exposed. The small intestine was severed ai the Meckel's diverticulum and 1.5 cm prior to the 

iled-cecal junction, and the contents were collected into a 10 ml test tube. The samples were 

centnfuged at 3000 rpm for 10 minutes. The supematants were then decanted into a 2 ml 

microcentrifuge tubes and centrifugai again at 9000 rprn for 5 minutes. Viscosity was 

determined using a Brookfield digital viscometer (Mode1 DV-II+, Brookfïeld Engineering 

Laboratories, S toughton, MA). 



Table 12. Composition and calculated analysis of experimental rations fed in broder study 

RATION 

Soybean meal, conventionai 14-8 7 -3 12.0 12.0 8.9 12.0 8.9 

Canola meai, conventional 15.0 7.4 11.5 11.5 8.6 11.5 8.6 

Soybean meal, micronized - 20.0 - - - - - 

S. alba, autoclaved - - - - - 10.0 20.0 

Vegetable oil 5.2 2.1 4.4 4.4 3.7 4.4 3.7 

Limestone 1.49 1.55 1.43 1.43 1.36 1.43 1.36 

B iophos 1.34 1.35 1.34 1.34 1-35 1.34 1.35 

Vitamin premixl 1 .O 1 .O 1 .O 1 .O 1 .O 1 .O 1 .O 

Lysine 

CrzO, 

Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

Protein (N x 6.25), % 22.0 22.0 22.0 22.0 22.0 22.0 22.0 

ME,, kcal/kg 3069 3062 3065 3065 3063 3065 3043 

Available P, % 0.45 0.45 0.45 0.45 0.45 0.45 0.45 

Calcium, % 1.00 1.00 1.00 1.00 1-00 1.00 1.00 

Lysine, % 1.06 1.06 1.06 1-06 1.06 1-06 1 .O6 

Meth ionine, % 0.48 0.48 0.48 0.48 0.48 0.48 0.48 

Meth. + Cys., % 0.94 0.93 0.94 0.94 0.93 0.94 0.93 
Supplial vitamias @<?r kg diet): A, 8250 IU; D,, 1 0 0  IU; E, 10.9 IU; BIL, 0.01 1Smg; K. 1. lmg; niach, 53.3mg; 

choline, 1019.9mg; folic acid, 0.75rng; biotin. 0.25mg; riboflavin, 5.5mg; ' Suppliai minerals (mglkg diet): 
manganese, 55; zinc, 50; iron, 80; copper, 5; setenium, 0.1; calcium iodate, 0.08; iodized salt, 0.28 



StatiSticai Analysis 

All collectai data were subjected to analysk of variance (ANûVA) using the general linear 

models of statistical anaiysis system (SAS Instihite, 1990) and the procedures of Snedecor and 

Cochran (1980). Tukey's procedure was used to compare and separate treatrnent means. The 

model for digestible protein data was a completely randomized design with two replicates of six 

treatments. The model for the was a completely randomized design with two replicates of 

eleven birds for each of six treatments. Bird was the expenmental unit. The mode1 for the broiler 

performance trial was a cornpletely randomized design with ten pens of five birds in each of seven 

treatments. Pen was the experimental unit. Intestinal viscosity statistics were performed in a 

completely randomized design with eight birds in each of seven treatrnents. Bird was the 

experimental unit. 

RESULTS AND DISCUSSION 

The protein and oïl contents of the S. alba seed frorn 1995 and 1996 crop year as 

cornpareci to condiment variety and micronized soybean seed are shown in Table 13. The 1996 

crop had the same protein and oil contents as the condiment variety, while the 1995 crop was 

higher in protein and lower in oii contents. This difference may be attributed to the normal year- 

to-year variation in growing conditions. Factors such as water stress, temperature or soii 

conditions may significantly affect the oii or protein contents. It has been indicated that the 

chernid composition of the 1996 S. alba crop better refiecü the genetic background of the low- 

glucosholate iine than the 1995 crop (Rakow, personal communication). In this context, the wet 



Table 13. Protein and oii contents of fidi fit Sinrpis elha (non-heat treated) fiom the 1995 and 
1996 crop years and &U fat micronized soybean (% DM) 

- -  

Condiment' 1995 crop year 1996 crop year micronized 
sovbean 

Total 62.7 64.7 62.3 56.3 
- -- - -  - - - 

' DeClercq, D.R and Daun, J.K. (1997) 
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growing conditions are always referred to as a 'gwd oil yearw while the dry conditions often 

favour higher accumulation of protein at the expense of the oil content. It should be emphasized 

that the sarnple used in the current study was from the 1996 crop year and, with regard to the 

protein to oil ratio, was different h m  the 1995 S. alba crop (Table 13). 

The digestible protein contents of raw, micronized and autoclaved S. aloa, micronized 

soybean, convenâonal canola rneal and the conventional soybean rneal are show in Table 14. 

Both micronized and autoclaved S. alba samples showed higher protein digestibility values than 

the raw seed. This is in agreement with earlier research in this laboratory on digestible protein 

content in the canola seed subjected to various heat treatment conditions (Simbaya et al., 1997). 

The micronized S. alha showed irnproved protein digestibility as wmpared to the sample treated 

under the same conditions in earlier experiments (see manuscript 1 of this thesis). This indicates 

that the processing conditions used to micronize the current S. aiba sample were somewhat 

different and closer to optimal. The autoclaved S. a h  seed showed higher protein digestibility 

value than the micronized sample. The micronized soybean seed, however, had digestible protein 

content similar to micronized and autoclaved S. aloa samples. 

Table 14 indicates the glucosinolate content and myrosinase activity of raw, micronized 

and autoclaved S. alba. No myrosinase enzyme activity was detected in the heat treated samples 

regardless of the process employed. Similarly to the difference in digestible protein content, the 

current micronization process appeared to be more effective in enzyme inactivation than that used 

in the earlier research (see manuscript 1). While myrosinase activity was at the level of 1.0 unit/g 



Table 14. Digestitble protein, myrosinase dvi ty  and @ucosinolate content of raw, rnicronized and 
autoclaved S. &a, micronized soybean and commercial canola and soybean meais 

Feedstuff Digestible Protein Myrosinase Activity Glucosinolate 
(%) (unitsl/g oil fiee Content (pmoVg 

oïl fke md) 

Raw alba seed 54.9' 128.4 3 5 .O 

Micronized S. aiba seed 69.3b ND2 25.0 

AutocIaved S. aiba seed 73 -7' ND 14.5 

Micronized soybean seed 71.9~ 

Cornmercial canoIa rneai 69.2b 

Commercial soybean meal 70.6~ - - 

l One unit of  activity is defined as the amount of enzyme that catalyses the hydrolysis of 1 pmol of 
glucosinolate per 1 minute; ' Not detected (activity below 0.05 U) 

'"' Vdues with no common superscripts dEer significantly (P s 0.05) 
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in the oil free seed micronized at 14û°C (20% moisture) in the First manuscript, in the curent 

study no myrosinase activity was detected in the seed micronized in the sarne manner. This 

difference may be attributed to variation in processing conditions. 

The effect of the heat treatment on glucosinolate content in variously treated S. aloa seed 

is show in Table 14. The glucosinolate content of raw S. aZba ccorresponded well with that 

detected in the 1995 crop (see manuscript 1). The autoclaved S. alba seed showed the highest 

reduction in glucosinolate content. This could be attributed to the tempering process since high 

(ie, 35%) moisture content would improve heat conductivity within the seed and thus facilitate 

glucosinolate decornposition. 

The TM& values of variously treated S. a h  seed as wmpared to micronized soybean 

and commercial canola and soybean meals are s h o w  in Table 15. As expected, the commercial 

canola and soybean mals differed significantly in energy content. The micronized soybean seed 

had the highest TME, content. Among the S. alba samples, the autoclaved seed had a TM& value 

significantly higher than both the raw and micronized S. alba samples while the micronized 

sample had a significandy higher TM& value than the raw S. alba seed. Sklan et al. (1973) 

indicated that heat treatment may influence energy digestion and reported lower absorption of fatty 

acids from raw soybean meal as compared to heat treated meal. The sarne group of researchers 

(Sklan et al., 1975) concluded that raw soybean meal interfered with the absorption of fatry acids 

and bile acids in the lower jejunum and ileum. The mechanism of this interference is not known. 

It would appear that the type of heat applied significantly influenced the availability of energy 

from the S. alba seed. The higher TM& value of the autoclaved S. alba seed as compared to the 

raw and micronized S. alba seeds may be partiaily attributed to a more effective heat treaanent, 



Table 15. Tme metabolizable energy values of varïously treated SUuIprS o h  seed in 
cornparison to other feedstuffs 

Raw S. alba seed 2270.2 

Micronized S. alba seed 2460,3d 

Autoclaved S. alba seed 303 1 .4b 

Micronized so ybean seed 3790.4' 

Commercial m o l a  meal 2624.9" 

Commercial soybean meai 2949.3b 

a,b.c.d,c Values with no common superscripts differ significantiy (Pr0.05) 



due to the tempenng process applied prior to micronization. 

In the current saidy, the TM& for micronized full-fat soybean was higher than that for the 

autoclaved S. alba, although the S. alba sample contained more oi1 (Table 13). The soluble fibre 

content of the S. a h  seed may contribute to the difference in the TME, values between the S. 

alba and soybean çeed. It has been noted that fat digestion is particularly susceptible to increased 

digesta viscosity associated with feeding rye (Campbell et al., 1983). As S. a h  seed has a 

higher soluble fibre content than (1 -7 vs 0.5 % ; see manuscript 1) and, thus, a greater potential 

for intestinal viscosity, it is possible that fat digestion was hindered with the feeding of the S. aloa 

seed, r e s u i ~ g  in a lower TM& value. The higher oil content of S. a h  would only intensify this 

effect . 

Research has show that, generally, birds are able to physiologicaily adapt to changes in 

fat level in the diet. Hulan and Bird (1972) indicated that switching frorn a low fat to a high fat 

diet caused a slow, gradua1 increase in specific lipase activity. Bucko and Kopec (19'79) found 

similar results. Lindsay et al. (1 969) noted an increase in bile salt concentration after an inclusion 

of 15% corn or hemng oil in the diet. It was show by Mateos and Sel1 (1981a. b) and Mateos 

et al. (1982) that passage rate decreased as fat content in the diet increased. While the birds 

involved in the TM& assay may have been able to physioIogicaIly adapt to the high oil level 

supplied by the micronized soybean, they may not have been able to adjust to the additional 10% 

of oil in the S. alba seed. This, however, does not explain the difference between the variously 

treated S. a h  samples as al1 three samples contained the same amount of oil. 

It would appear that the problem enwuntered with the S. olba samples and TM& assay 

was related to the grinding pmcess and the degree of ce11 wall disruption. InfraReady Technical 
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Information (1995) States that the dîsruption of ceil walls during fiaking significantly improves 

nutrient digestibility of both oïl and protein in soybeans. It is possible that with no heat or 

moQerate kat (ie., micronwd sample) the ceIl walls withstood the physical force of grinding to 

a much greater extent than the autoclaved materiai. Since the micronimi soybean seed was 

gromd under identical conditions, the c d  sire within the cotyledons fraction of S. alba may have 

aiso been a factor infiuencing the effectiveness of sample grinding. In this context, earlier 

research h m  this laboratory has shown substantiai ciifference in the cotyledon ceU size within the 

Brarsica species, B. rapa canola having much smaller cells than its B. napus counterpart 

(Slominski, 1997). Incomplete cell opening on grinding of S. alba seed was dso reflected in the 

results of tnie amino acid digestibility (Table 16). The micronized full fat soybean and 

commercial soybean and canola meals ail had similar availabilities of al1 amino acids, with the 

exception of cystine which was significantly higher in the commercial soybean meal than in the 

micronized soybean seed. Equal availability of amino acids from these three fdstuf fs  

corresponded well with the in vitro protein digestibility figures reported in Table 14. However, 

the difference in irz vitro protein digestibility between the raw and heat treated samples of S. alba 

was not reflected in the amino acid digestibility values determined in vivo using the TEiIE, assay 

(Table 16). In general, al1 three samples of S. alba seed showed significaotly lower arnino acid 

digestibility than the commercial meds or micronized soybean seed. Similarly to differences in 

available energy content between the S. alba samples, the autoclaved seed showed the highest 

amino acid digestibility. While alanine, arginine, glycine, histidine, isoleucine, lysine, 

methionine, proline and serine availability in autoclaved S. alba was equal to that of the 



Table 16. True amino acid availability ( 56) of feedstuffs using the TME,, assay 

raw micronized autoclaved  micro^ wrnmercial commercial 
S. al& S. aiba S. uiba soybean soybean meai canoIa meal 

alanine 

argininel 

aspartic acid 

cys the 

glutamic acid 

glycine 

histidine 

isoleucine 

leucine 

lysine 

methionine 

p heny lalanine 

proline 

serine 

threonine 

tyrosine 

valine 
- - - - -  - 

Total 68.W 65.41' 74.93b 83.87" 88.77" 86 -65' 

l No signifiant differences were noted using Tukey's Standardized Range, however, the F- 
test found a signifiant difference among the means (Ps0.05) 

Values within rows with no common superscripts differ significantly (Ps0.05) 



65 

minonized and raw S. albo. the avaiiability of cystlie, leucine, phenylalanine, threonine, tyrosine 
d 

and valine was significantly higher the autoclavesi S. aZbu seed. As well, aspartic acid and 

glutamic acid were more available in the autoclaved S. olba than in both r& and micronized S. 

aibu se&. 

The resdts of twa-week performance of broiler chickens fed micronized fidl fat soybean 

and variously treated S. a h  se& are presented in Figures 4, 5,  and 6. There were no significant 

dflerences in the weight gain and feed intake of broiler chickens fed the control soybean/canola 

meal-based diet (R-1) , micronized soybean seed at a 20% inclusion rate (R-2), raw S. alba seed 

at 10% inclusion rate (R-3), micronized S. &a seed at 10 (R-4) and 20% (R-5) inclusion rate and 

autoclaved S. alba at a 10% inciusion rate (R-6) (Fig. 4 and 5). There was, however, a 

significant reduction in the feed intake and body weight gain of chickens fed the diet containing 

20% of the autoclaved S. alba seed (R-7). A similar pattern was followed by the feed to gain 

ratio, with the autoclaved S. aZba (R-7) showing the lowest feed efficiency (Fig. 6). It would 

appear that birds fed the raw, micronized and autoclaved S. alba diets at a 10% inclusion rate 

were not affected by any potentially antinutritive substances present in the seed (ie.. 

glucosinolates, soluble fibre), as feed intake and weight gain were equd to those fed a control diet 

or a micronized full fat soybean diet. In âdditioii, there was no statistical difference in feed 

efficiency between the three S. albu diets. As opposed to aciult roosters in the assay, it 

would appear that the chickens utilized a similar arnount of energy from the S. alba diets 

regardless of the treatrnent applied, as performance was similar. This could be hirther 

substantiated by a relatively similar AM& values for the diets containing raw, micronized and 



Figure 4. Body weight gain of broiler chickens fed various diets from days 4-18 

R-1: ConventiocA cxioia rnesllsoybczn mcnl (control A) 
R-2: hlicronizcd fu!i ht soybean (105  inclusion rzrc) 
R-3: Raw S. clbcr sètd (10% inclusion rate) 
R-4: S. albir secd rsrnpered to 20 R moisture level and rnicronized at 1 4 0 ' ~  (10 % inclusion 

rate) 
R-5: S. alba seed processed as above (20% inclusion rate) 
R-6: S. alba secd tempered :O 35 % moisture con tent and autoclaved for 20 minutes at 108 '~  

(10 % inclusion rate) 
R-7: S. alba seed processed as above (20% inclusion rate) 

Values wi th  no common superscripts differ significantly (Ps0.05) 



Figure 5 .  Fe& intake of broiler chickens fed various diets from days 4-18 

R- 1 : Convenricr.cl cznoic rneallsoybcan mcal (conxol A) 
R-2: hlicroniz2d f d i  fat soybean (20% inclusion m e )  
R-3: Ra-s S. oha sssd (10% inclusion rate) 
R-4: S. alha seed ternpered to 20% moisture level and micronized at 1 4 0 ' ~  (10% inclusion 

rate) 
R-5: S. olbo seed processed as above (20% inclusion rata) 
R-6: S. olha s22d tempered to 35 % moisture content and autoclaved for 20 minutes at 108'C 

(10% inclusion rate) 
R-7: S. ofba secd processed as above (202 inclusion rate) 

Valiies with no coinmon superscripts differ significantly (PsO.05) 



Figure 6. Feed efficiency of brciler chickens fed various dieu from days 4- 18 

R- L : Conventional canola meal/soy bcnn men1 (control A) 
R-2: Micronized h I I  fat soyoean (20% inclusion rate) 
R-3: Raw S. alba seed (10% inclusion rate) 
R-4: S. olba seed ternpered to 20% moisture ievel and micronized at 1 4 0 ' ~  (10% inclusion 

rate) 
R-5: S. alba seed processed as above (20% inclusion rate) 
R-6: S. alba seed tempered to 35 % moisture content and autoclaved for 20 minutes at 1 0 8 ' ~  

(10% inclusion rate) 
R-7: S. alba seed processed as abovc (20% inclusion rate) 

Values with no cornmon superscripts diffzr significantly (PsO.05) 



Table 17. Intestinal viscosi ty , digestibility and apparent metabolizable energy of various 
diets fed to broiler chickens from days 4-18 

Treatrnent Diet Intestinal A m i  
Digestibility Viscosity (cPs) (kcaikg diet) 

(W 
- 

Canoldsoybean meal control 64.gb * 1.4 6.8' * 2.2 2816b * 65.9 
Micronized soybean seed (20 % ) 6 7 7  * 1.3 12.3" f 3.9 297Y * 60.5 
Raw S. a b  seed (10%) 64.8b f 1.7 19Sb * 5.2 2830b * 64.7 
Micronized S. alba seed ( 10 96) 63Sk f 1.2 17Sb f 5.2 2779b * 61.6 
Micronized S. a h  seed (20%) 59.4d * 0.5 29.3' * 10.3 2574' * 34.3 
Autoclaved S. alba seed (10%) 62.1" f 1.4 11.3h I 1.7 2771b f 46.2 

Autoclaved S. a h  seed (20 56) 61.Wd * 0.5 19.9 f 7.3 2713b 1: 23.2 

Values within columns with no common superscripts differ significantly (Pr0.05) 
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autoclaved S. olbo seed at a 10% inclusion rate pable 17). Therefore, a relatively low available 

energy content as determinai by the assay may have resulted h m  an ineffective crushing 

of the seed as weU as insufficient ceU fracture in the gizzard. In this regard, ad Zibim feeding 

of the broiler chickens probably resulted in improved motion of the gizzard although part of the 

oil encapsulated within the cells could have escaped digestion in the smaii intestine. 

1t is uncertain why the autoclaveci S. alba seed at a 20% incl~sion rate showed substantial 

reduction in broiler chicken performance since the rnicronized sample at the same inclusion rate 

was equal to other dietary treatments. With regard to ceriain quality parameters, including protein 

digestibiiity in vitro or value, the autoclaved seed appeared to be similar or better than the 

micronized sunple. There was also no indication of any negative effect of water-soluble mucilage 

on nutrient utilization as the intestinal viscosity for this particular treatment was lower than that 

of the micronized seed when used at the same inclusion rate (Table 18). However, the micronized 

seed at a 20% inclusion rate showed a significant reduction in the AM& value which correlated 

well with the intestinal viscosity measurement. Direct negative relationship between digesta 

viscosity and AM&, values has been documented in many research reports (Kritchevsky, 1988; 

Classen and Bedford, 199 1; Campbell and Bedford, 1992; Choct ,1992). It would appear that 

feeding the micronized sample at a 20% inclusion rate for a prolonged pend of tirne would have 

resulted in impaired broiler chicken performance. One possible explmation for the difference 

between autoclaved and rn ic roW seai could be derived from the glucosinolate composition data 

(Table 14). In this context, the glucosinolates in the autoclaved meal were decornposeci to much 

greater extent than those in the micronized sample. Consequently, the production of various 

breakdown products may have affected the overall nutritive value of the seed. The breakdown 
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products, however, wouid have to be of ~~t nature than those produced on autolysis as the 

raw S. aloo diet containeci an extremely high activity of rnyrosinase enzyme. 

It appears from the data reportai here that the heat treabnent of S. &a seed did not have 

an eEéct on the bird performance, m, diet digestibility or digesta viscosity. It did, however, 

improve the protein digestibility in Mrro and lowered rnyrosinase activity and glucosinolate 

content. Heat treatment also improved the Th& value of this feedstuff. 



GENERAL DISCUSSION 

Detailed chernical evaluation of the canola type Sinapis &a Seed (Table 5) revealed 

several positive quaiity characteristics In cornparison to soybean, the S. dba seed contained more 

oii but less protein than soybean, with the content of the two major nutrients in favour of the S. 

a h  sampIe. Digestible protein content in defatted and heat-treated S. &-a seed was qua1 to or 

higher than values for the other feedstuffs evaluated. S. alba seed containeci slightly more 

methionine and cystine but less lysine than soybean. The sucrose content was lower in S. alba 

than in soybean although this was offset by the presence of starch which was not detected in 

soybean. Although there was a large difference in seed size between S. alba and soybean, only 

a small difference in the total dietary fibre content was observed. A lower content of 

oligosaccharides and higher contents of calcium and available (non-phytate) phosphorus were 

among other positive characteristics associated with the S. alba crop. 

The seed sample from a 1996 crop year, similarly to the condiment variety, had lower 

protein and higher oil contents than the 1995 seed (Table 13). This difference may be attributed 

to normal year-to-year variation in growing conditions. It has been recognized that the 1996 S. 

aba crop better refkcted the genetic background of the low glucosinolate line wiih regard to oil 

and protein content (Rakow , personal communication). 

The glucosinolate content of the seed from 1995 and 1996 crop years corresponded very 

weli with one another and in both cases the heat treatrnent of the seed resulted in a decrease in 

glucosinolate content. However, tempering of the 1996 seed prior to autoclaving lowered the 

glucosinolate content to a greater extent than that seen with the 1995 crop heat treated without 



From the chemical composition data it was apparent that the S. @a seed had a relatively 

high soluble fibre content (Table 5). As high soluble fibre levels may negatively affect weight 

gain, feed conversion and AME by increasing intestinal viscosity (Kntchevsky, 1988; Campbell 

and Bedford, 1992; Choct, 1992), there was some concern regarding any antinutritive effect of 

soluble fibre on broiler chicken performance. The potentiai existed for glucosinolates to be a 

limithg factor in the in vivo studies as wd. While the chemical composition results indicated that 

S. alba would be a good candidate as a high protein, high energy supplement for monogastric 

animals, bird performance in the TM& assay and broiler chicken trial did not reflect this. Frorn 

the chemical evaiuation, it was thought that the S. a h  ba would be a suitable alternative to full 

fat soybean. This theory was not fuily supporteci by the NI vivo trials. Although S. alba seed 

contained higher levels of oil than the soybean seed, the available energy value was lower for the 

S. a h  & than the soybean seed, regardless of treatment. As well, available amino acid values 

were lower for the S. alba than for the soybean. Birds fed the diets containing raw, micronized 

and autoclaved S. alba at a 10% inclusion rate were not affected by any potentially antinutritive 

substances present in the seed, as weight gain and feed intake were equal to those fed a 

soybeanlcanola meal control or a micronized full fat soybean diet (20% inclusion rate) (Figs. 4 

and 5). There was however some indication of a negative response of broiler chickens to higher 

inclusion rate (20%) of the S. alba seed. 

Small ce11 size within the cotyledon fraction of the S. albu seed, as well as heat 

application, may have influenced the effectiveness of sample grinding, as was evidenced by the 

results of the TME, assay (ïable 15). Incomptete ce11 opening on grinding of the s e a l  was ais0 
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reflected in the resuits of the tnie amino acid aMilability (Table 17). The supposition that S. olba 

has srnail cotyledon ce11 size is supportai by the chemicai composition data. Previous research 

on B. rupus and B. r q a  canoh (Slominski er al., 1994a; Simbaya et aï., 1995; Slominski, 1997) 

has indicated that factors such as the colour of the seed or the embryolcotyledon c d  size may 

significantly affect the levei and nature of dietary fibre. Since S. albu has a large yeilow &, 

srnaIl cotyledon ceil sire would appear to be the factor contributhg to its rciatively high fibre 

content (Table 5). The NSP content of S. a l h  as compared to soybean and canola further 

substantiates this. The yellow-seeded B. r q u  canola, although having less lignin and polyphenols 

in the hull fraction, was found tu contain significantly more NSP than its B. napus counterpart 

(S lorninski er al. , l994a). 

The TME, resultr were not fully reflected in the broiler study (Tables 15 and 18, 

respectively). As opposed to the adult roosters, it appeared that the chickens utilized a similar 

amount of energy from the S. dba die& regardles of the heat treatrnent applied. A relatively low 

available energy content as determined by the ?'ME,, assay may have resulted from an ineffective 

cmshing of the seed on g ~ d i n p ,  as well as insufficient celi fracture in the gizzard. in  this regard, 

ad übinun feeding of the broiler chickens rnay have multed in an improved motion of the gizzard 

although part of the oii encapsulated within the ceils could have still escaped digestion in the small 

intestine. 



CONCLUSIONS 

1. Chernical composition of the canola type Sinapis &a white mustard indicates that it 

holds some potential as a high protein and high mergy feedstuff for the Canadian Prairies. 

Growing conditions, however, may significantly affect the chernical composition with the 

wet conditions resulting in less desirable protein to oil ratio in the seed. 

2. Heat m e n t  of the S. alba seed improved protein digestibility, inactivated rnyrosinase 

enzyme and decreased glucosinolate content. Autoclaving of the seed improved 

availability of energy (Tm and amino acids to a greater extent than the rnicronization 

process. 

3. In cornparison to the raw seed, no irnprovernent in bird performance was observed when 

heat treated S. olba sample was fed at a 10% inclusion rate. However, there is a potential 

for some negative responses of broiler chickens to higher dietary inclusion rates. 

4. Cotyledon ce11 size and grinding of the seed appear critical in in vivo evaluation of this 

new product. 



SUGGESTIONS FOR FUTURE RESEARCH 

1. Further optimize the micronization p r c a s  and investigate the effect of kat on seed and 

c d  rupture and energy and amino acids avaüabilities. 

2. Explore the potential for irnpmved energy utilizition using the mucilage de;polymerizing 

enzymes. 

3. Further decrease the glucosinolate content through plant selection programs. 
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