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This thesW has beai wrîtten in papa format. It consists of sma cbiptar. Chpra I 

is a literature rcview, wvcriq canola composition, pmceshg, c&niirty, and scientific 

methodrrrLtrdtothc~m~~.CbrptaII~Viwmrin~nrerrchrcctioly 

covering stnïcturrl chnga .ad coloration of sinapic rcid d MIpk during Mocl.ving, 

structurai changes and co10ration of sinrpic acid durhg Jkrliiic Ur orridation, structural 

changes and coloration of sinapine durhg a k h e  hydrolysb and air oxidation, HPLC 

determination of sinapine rnd sinapic acid, and the &kt ofproccssing conditions ad the 

presence of sinapine .ad rinipic .Qd on tbe color of uadi protein isolate. These chpM 

muid ôe viewed as indMduil prpa but as r wbole tby coriJtitute the inte@ objectives for 

the thesis. An attempt wu made to avoid duplication but rome repetition was uaavoidablc 

in the introduction of cach chaptes to mua~mtbehaicyofthcpapas. chpls11ud111 

have been pubiishcd by Joud  of the Amcrican ûii Chemists' Society, 76:433-441 and 76 

:757-764, 1999. Chaptu W contains the appendixes, which offa supporthg data for the 

individual papers. 



Dark color is one of the major problems that hinders canola protein utilization. In 

order to assess the role of canola phenolics in determinhg the visual attributes of canola 

protein as &ected by the processing conditions, several studies investigating the e f f i  of 

processing conditions on the color and stnictural changes of canoh phenolics have been 

undertaken. Investigations were made using pure phenoüc syotems and phenotic-protein 

systems of canola seed and meal. Two typical processing conditions, autoclaving and pH 

adjustment, were used as treatments in the cumnt research. Structural changes of the 

phenolics were followed by techniques including high pedorrnance liquid chromatography 

(HPLC), spectral analysis, thin layer chromatography (TLC), nuclear magnetic resonance 

(Nh4R) and mass spectroscopy (MS). Color properties were determinecl by spectral andysis 

for iiquids and by a HunterLab ColorlDflerence Meter for solid matenais. Phenolic content 

was detennined by both a newly developed HPLC method and a conventional spectral 

colorimetnc rnethod Folin-Ciocalteds ragent method). 

Autoclaving was found to a&ct the visual properties of sinapic acid but not those of 

sinapine. The colorless sinapic acid solution tumed yeiiow after a 15-minute autoclaving at 

12 1 O C  and 0.1 MPa Filtering the solution through a 0.45-pm nIta resulted in a brown solid 

consisting of at least three undetermined colored substances bellow, orange and purple) and 

a yeiiow liquid. A yellow substance, syringaldehyde, has been identifieci in the yeliow liquid 

by mass spectroscopy and HPLC. 

The aU<ali inciuced air oxidation of sinapic acid at elevated pH values converted sinapic 



acid to thomasidioic acid by a first o r d a  proctss. The resdthg t h o d d i o i c  rrid fûrther 

oxidïzed to form 2,--pbenoquinone ancl bhy&oxy-5,7-dimethoxy-2-napLrthoic 

acid. Stnichiral changes to anepic acid during allcaü inducsd air oxidation caused r darkening 

of the color for the system with the 2,6-dimethoxy-pbtnzoquuhone being one major color 

contributor. A similar study in the sinapine solution showad a more rtmarCrable color 

darkening for the system due to the structurai changes Lduced by air oxidation unda aikaline 

conditions. 

The movanent of the rrscrrdi h m  pure p b l k  systmu to phcnolio-protein systtms 

required a rapid and reliable method for phenoiic detaminition A rapid HPLC mabod for 

sinapine and sinapic acid detamination was dewloped, where sinapine and sinapic acid were 

separated using a gradient dution. 

Proceshg COtditiofu have bem du>wn to &n thc color of canoîa flou and pro* 

isolate. Alkaline extraction produced a darker protein isolate than did aqueous NaCl 

extraction Autoclaving d&ened the canola fiours. While the total soluble phenoiic content 

decreased, the total insolubIsbound phenolic content increriscd r&r autoclaving. Sinapic acid 

increased the yellow intensity of canola protein during wtoclaving while sinapine siightiy 

decreased the lightness of amla protein a&o âaxcad soluble phenolic content 

while incrtaoing insohrb1bbowd phaiolic contait. Neitha sinapic acid nor sinapine had any 

negative @kt on the cdor of the canola protein dUMg isolation using basic araaaion with 

acidic precipitation. 
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Rapesedhmla is one of the world's most important oilseed crops and in Canada it 

is second oniy to wheat in value and art. planted (Shahidi and Nac* 1992). 

Rapeseed/canola is uscd for the production of a high qudity edible oü and a feed grade meal 

not nomally used for food (Shahidi, 1990), despite the merl ha* a well balanad amho 

acid content and a favorable protein efficient ratio. Unsuitability for food is due to the 

presence of sorne undesired minor compounds, aich as giucosinolates, phytates and phenolic 

compounds. The devdopment of "anola" varinies by Candian breeders h u  greatly reduced 

erucic acid content (to less than 1%) and glucosinolate content (to less than 15 pmoVg). 

However, the utilization of canola meal is still thwarted by the presence of phenolic 

compounds (Shahidi and Nactlg 1992). Phenolics have signincant effects on the visual 

attributes, flavor chancteristics, nutritional and evcn fùnctional properties of oüseed products 

(Shahidi and N a d ,  1995). In addition, oilseed phenolics may have antioxidative properties 

(Swern, 1979; Shahidi a al., 1995; Shahidi and Wanusundara, 1992), and some phenolics 

may also have antimicrobial activity (Raccach, 1984). Sinapine in canola meal, for example, 

c m  cause bitter tasting, unpleasant flavor and dark color for the meal (Shahidi and Naczk, 

1992). Sinapine was also the precursor of trirnethylamine (TMA), which cm cause the 

tainting of eggs when meal was used as poultry feed (Shahidi and Naczk, 1992). This lowers 

the nutritional value ofthe egg product. Chlorogenic acid, a phenolic in sunfiower meal, can 

cause the discoloration of the m d  and can also cause defms in the protein bio-avaiiability 
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through binding with protein (Shahidi and Na* 1995). Gossypol in cottonseed, on the other 

hand, has been reporteci to have antioxidative properties for the seed products, especially for 

oil products (Swem, 1979). However, gossypol is toxic to monogastric animals and dark in 

color (Shahidi and Nad,  1995). The pawnaric acid in peanut dso causes flavor and color 

def- for peanut protein, even when it is present at concentrations of O.OZ-û.2% (Blair and 

Rdchert, 1984), much lower than rinapine and chlorogenic .ci4 which can represent up to 

2.5% and 2.7% of the meal (Shahidi and Na* 1995; Dorrell, 1976). Therefore, although 

the beneficial aspeas, such as antioxidative pmperties, am recognized, oilseed phmolics have 

mainly detrimental e K i s  on oilseed produas. 

In canoldnpeseed, sinapic acid and sinapine are the predorninant phenolic 

compounds. The chernical and biochemical rctivitia of these substances have received much 

attention. Studies on the metabolism of sinapic acid derivatives d u ~ g  seedling development 

of rape showed that the metabolic pathway of sinapine involved the synthesis of 

sinapoylmalate through sinapoylglucose (Bouchereau et al., 1992). In addition, the 

concentration of sinapic acid conjugates remained constant during germination. This 

information suggested that sinapine was involved in a concentration-regulated metabolism, 

a point of interest for plant breeders trying to lower the wntent of this undesirable wmpound 

in rapeseed meal (Bouchereau et al., 1992). These sinapic conjugates, however, rnay have a 

physiological fbnction dunng germination and maturation stages of rape and canola seed 

(Shahidi and Naczk, 1995) and lowering the sinapic level may cause a deleterious effect on 

the early stages of development (Bouchereau et al., 1992). 
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Sinapic acid was shown to readily convert to a lignan, thomasidioic iQ4 unda pH 

8.5 when exposed to air (Rub'm et d., 1995). Since this condition is similu to some oüseed 

processing conditions in industry, such as protein prepadon using alkaiine d o n  and 

isoelectric precipitation, it is suspectecl that the sarne readon could ocair during oilseed 

processing (Rubino a al., 1995). However, the effkct of thomasidioic acid on the protein 

quality is unknown @hino a al., 1995). Antioxidants sucb as ucorbic acid have been b w n  

to hinder the conversion of sinapic acid to thomasidioic acid (Rubino et al, 1996.). 

Dark color is one of the problems that lirnits the usage of canola protein as a food 

component (Youngs, 199 1). Ahhough the dark wlor of canola protein is often d a t e c i  

with the presaice of phenolics (Shahidi and Naczk, 1992) or phenolics and phytates (Elstner 

and Stein, 1982), little has bccn done in the indusûy due to Iack of knowledge wnceming the 

exact role of these phcnolic compounds in the systems. A study on the e f f i  of phenolics on 

the color of canola protein is therefore necessary and will be of benefit to the industry. 

This thesis addresses the cdor of canola meal and its resulting protein isolate and the 

relationship of odor ta meal phenolics. This color has been considered as a major drawback 

regarding canola meal utilkation. The research elucidated the color and structural changes 

of canola phenolics, in particular, sinapine and sinapic acid, during processing. The 

experimen~ started with the structural changes in these two phenolics and the development 

of colored substances under conditions such as autoclaving (Cai et al, 1999a) and alkaline 

treatment (Cai et ai, 1999b), which are commonly used in indu-. Then the experiments 

were expanded to phenolic-protein isolate systems to determine the effect of the phenolics on 



INTRODUCTION 

the color of protein isolates. Wherc necessuy, new methodologies wcrc dweioped. 

The objectives of the thesis, theref'ore, were (1) to study the color and structural 

changes of sinapine and sinapic acid, the major canola phenolics, under CO-nditions related to 

oüseed processing, (2) to study the efféct of sinapine and sinapic acid on the color of canola 

protein isolate unda simüar conditions. in addition, methodologies were dweloped wherever 

necessary for color and phenolic detamination. 

The non-hypotheses of the thesis could be stated as follows: during autoclaving 

(alkaiine treatment), (1) sinapine (sinapic acid) has no effe* on the color of its aqueous 

solution; (2) shpine (sinapic acid) has no effkct on the color of canola protein isolate. With 

work in this thesis, al1 the non-hypotheses were proved false except for sinapine dunng 

autoclaving in the (1) non-hypothesis and both phenolics during alkaüne treatrnent in the (2) 

non-hypothesis. 
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A. Composition OC npeseed and crnola 

Canola is a gaietic variation of npeseed developed by Canadian plant breeûers 

specifically for its nutritional qurüties (Canola Council of Canada, 1995). The improvements 

in nutritional qualities refer to several genetic modifications intended to increase the 

nutritional value of the oil and d u c e  the content of some antinutritional -ors found in 

rapeseed. Typical sntinutritional fiictors in npeseedlcanola genetally refii to glucosinolates, 

phytates, and phenolic compounds (Ismond and Welsh, 1992; Shahidi and Nac* 1992). So 

far, fktcrs that have ban genetidy modified inùude the erucic acid, glucosinolate and fibre 

content in the seed. The erucic acid content in the oil and the glucosinolate content in meal 

have been reduced to  Iw than 1% and 15 pmoVg, respectively, fkom original values of 

approximately 20-55% and 4% respectively, in the traditional rapeseed varieties (Eskin et al., 

19%; Swen, 1979). These canola varieties are sometimes called double low or double zero 

varieties (Eskin et al., 1996). Reduction in the Id of glucosinolates is desirable in that they 

can be hydrolyzed to produce a variety of unpalatable, goitrogenic or  toxic compounds such 

as oxazolidinethione and isothiocyanates (Shahidi, 1990, Fenwick et al., 1986, Owen et al., 

1971). Oil with high amounts of  erucic acid are also undesirable as they may be 

physiologically harmnil (Swern, 1979). New varieties containing significantly lower amount 

of fibre are also available. A new cultivar was reported in which huU and crude fiber levels 

were significantly Iower than black-rreeded rapescad O(rygier a al., 1982.; 1982b). No 

significant changes in phenolic contents of npesecdlcanola have been genetically made by 
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breaks, ahhough severai attempts have been reportecl (Krygier et ai., 1982b, Fmwick, 1979, 

Bouchereau et al., 1992). 

Table 1.1 gives the compositions of rapeseed and canola showhg the diffmences in 

the erucic acid content and the glucosinolate content. 

Table 1.1. Composition of mpeseed and ~(~1101a 

Component Ra@ a Canola 

- 

Oil, % 

Emcic acid, % in oil 

Oleic acid, % in oil 

Protein, % N x 6.25 

Carbohydrate, % 

Chlorophyl, mglkg 

Phytic acid, % 

Glucosinolates, % 

Phenolic and lignin, % 

Hydrolyzed phenolic acid, %' 

' Elstner and Stein, 1982, Ohlron and Anjou, 1979, dry basis, ' Canadian Grain 

Commission, 1998.83% moishm bsljs, ' Swan, 1979, ' Eskin et al., 1996, ' Shahidi 

and Naczk, 1992. 

The major components of rapeseed are oils, proteins and cubohydrates. They make 

up over 80% of the whole seed. Other components are phytic acid, glucosinolate, phenolic 
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compounds and lignin, which makc up about 10./. of the total secd rnaterids. In 1986 the 

definition of canola was amended to refa to B. np>lcs and B. r a p  üner containing l e s  than 

2% emcic acid in the oil and less than 30 pmoVg giucosinolates in the air dried oil-free m d  

(Eskin et al., 1996). In 1986, the low~mcic acid ra@ 03 was added to the generilly 

recognized as d e  (GRAS) üst of food produas in the United States. 

The total amount of hydrolyzed phaiotic acids  JI the m o l a  was reportecl to be in the 

same range as in rapeseed (Table 1.1, Shahidi and Na& 1992). The phenoüc and lignin 

content of rapeseed was reported to be around 7v0 of the whole seed (Ohlson and Anjou, 

1979, Elstner and Stein, 1982). 

B. Commercial value of crinola 

The wodd production of rapeseed/canola fiom 1948 to 1994 is listed in Table 1.2. 

Canadian canola production haJ been rising. The rapeseed produdion was only 1 1.2 thousand 

metnc tons from 1948 to 1952. By 1984, the production was 3.24 million metric tons, 

accounting for 200/. of the total world's rapeseedlcanola production. Average Canadian 

canola production was 3.5 million metric tons per year from 1983 to 1992 with 3.8 million 

metxic tons in 1992. In the 1992/1993 aop  year, Canada produceâ 5 -3 million metric tons of 

canola seed, planted on a recorded 4.13 d i o n  hectares (Eskin et al., 1996). On the other 

hand, the global production of vegetable oils is rapidly expanding as is the market share of 

canola and rapeseed. By 1993-1994, rapeseed/canola was the world's third most important 

oilseed crop, afker soybean and cottonseed, with over 27.2 million metric tons produced on 
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more than 20.7 miilion hcctam (Eskh ct al., 1996). The total world's o i l s d  production ans 

222 million metric tons for the year 1993/1994, with r apedcano la  accwnting for more 

than 12% of the world oilseed production (Eskin et al., 19%). 

Table 1.2. World rapeseed/can01a production h m  1948 to 1999 

Canada 0.4% 20% 20% 19% 19% 

Europe 26% 35% 25% - - 
India 40% 18% 21% - - 
China 28% 25% 25% 28% 29% 

World 2.8 15.9 27.2 34.5 33.3 

(million metric tons) 

a Eskin et al., 1996. * Statistics Canada, 1998. 

Canola oil has beai used in many edible and inedible oil pmducts. The uses of canola 

oil and meal are summarized in Table 1.3. Canola has become one of the major agricultural 

cash crops in Canada (Shahidi and Naczlq 1992). 

It should be no td  that canola meal is cumntly used only as an animal feed and a 

fertilizer due to the presence of the prcviously mentioned antinutritiond factors. There have 

been, however, many investigations l o o h g  at the use of canola protein for human 

consumption (Thompson et al, 1976; Liu et 91.. 1982). To utiiize the meal has been an 



interesting topic among researchen and it is also the topic of this thesis. 

Table 1.3. Uses of canola oil and meal ' 

Oil 

Edible Inedible 

Shortcning 

Margarine 

Salad oi1s 

Cooking sprays 

Mayonnaise 

Sandwich spreads 

Co& whitener 

Creamers 

Prepad  foods 

Cookies 

Breads 

Fried snack foods 

Cosmetics Animal feed 

Dust suppressants Pet food 

Lubricant s Fish food 

Hydraulic fluids Fertilizer 

Biodiesel 

Carriers for fungicides 

Herbicides and pesticides 

Oil fabrics 

Printing inks 

Plasticizers 

Suntan oil 

Antistatic for paper 

- - 

" Canola Council of Canada, 1995. 



Canola is connwrcidly proccsd hto a high quaîity edible oü and a meil to be used 

as an animal feed. The process is simiiar to those for the other oilsads such as soybeus 

s d o w a  seed and k seed. A typicai proœss consists of secd cl&& prd>atllig, flaking, 

cooking, pressing, and solvent extradon. Processing capacities of modem Canadian oü 

extraction plants are in the ranges of 600-1200 rnetric tons of seai per day. The flow sheet 

of a typical canola crushing process is shown in Fig. 1.1.  

Fig. 1.1. Flow sheet of a typicai Mol. crushing process 

(Eskin et al., 1996; Shahidi, 1990). 

S d  ekrning. Cleaning is to remove foreign materiai such as sticks, stems, leavcs, 

and sirnilar trash. The seed cleaning process consists of three stages: aspiration to remove 

dust and ver- light materiai, screening to remove overshed particles, and rescreening to 

remove u n d u  materiai. The equipmcnt usualiy comes as one unit. The foreign matcriai 

is generally reduced from approximately 6% to less than 2.5% rernaining in the seed (Eskin 
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et al., 1996). 

P r e h d n s  RdKifine is to d i  mouMe coota* to fkïiitate flaking. Temperature 

of the seed is increased fiom room temperature (25 T) to 40 OC. 

Fiaking. The d o n  of oii fiom oilseeds, either by mechanical pressing or by 

solvent is ficihteû ôy TibdLiction of the rad to nnrO puticles Ynce this rcduccs the distances 

that solvent and oii must difnue in a d  out of the rad duriag the extradon proceu. In 

addition, flaking ruptures the ceii waih, which dows sane of the oil to be separateci nom the 

seed by simple pressing The prrhated seed U fiaked on roihg d s .  Flaking produces flakes 

with a thickness of 0.2-0.3 mm (Shahidi, 1990; Hamilton and Bahail, 1987). 

Cookïng. Cooking changes the properties of the protein so as to make the oil more 

easily extractable. Important mndary effêcts of cooking are destruction of enzymes and 

bacteria, and incruse in the fluidity of the oü through increasing temperature ( E h  et ai., 

1996). 

Pressing. The fùnction of pressing is to reduce the oil content of the seed fkom its 

origind lmd (ca. 42%) to about 16%. Extradon of the runaining oil by solvent is thm much 

more efficient and economical. Pressure and heat is deveioped within the barrel by the 

rotating screw shafk working against an adjusuble choke at the soiids discharge end of the 

barrel (Crawford a al., 1996). 

Solvent Extraction. Extraction is achieved through the principles of making, 

leaching, or washing and diniision. The solvent is hexanc, specially refined for this 

application. The oil content in the solid matend is reduced to about 0.5%. The meal and the 
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miscella are strïpped of the solvent to fecover solvent-lrec meal and oil by means of staming 

in a desolventizer-toster or distillation (Buhr, 1989). 

D. Canala protein isolation 

Several mahods have kai developed for producing npeseed/canola protein isolates 

during the plut d d e s .  The high lwel of essentid aunino acids in mpeseedlcanola and its 

importance as an oüseeâ crop in Canada and around the world has triggereci interest in 

preparing a food grade protein isolate since the late 1960's (Eapen et el., 1969; Sosulski and 

Bakal, 1969; Owen et al., 197 1; Liu et al., 1982). 

Alkaline extraction with acidic pmipitation method. A protein isolate is ofken 

prepared by first dispershg and extracting protein fiom the raw material with an alkaiine 

solution. M e r  removal of insoluble material, the dissolved proteins are recovered by acidic 

precipitation (Girault, 1973; Gillberg and Tomell, 1976a). The precipitate, which is usuilly 

washed and dried More use, constitutes the protein isolate. Fig. 1.2 shows a typical alkaline 

extraction with acidic precipitation proceos. 

Fig. 1.2. Alkaline extraction with acidic precipitation (Gillberg and Tomell, 1976a). 

13 



cHAPlERI.IlITERATUREREVIEW 

While a procerr of this type has been surrrrcfiiUv used on other protein isolation nich 

as soykan, it gives low yidds and produces a discardeci nrpcmaum with high protein content 

during rapeseed/canoIa protein isolation, probably due to the compiicsted protein composition 

with widely d E i  idec t r ic  points and molecular weights (Gülberg and Tomell, 1976.). 

Anionic polysaccharides have been used as precipitants during isolation in order to increase 

the yield (GiIberg and Tomell, 1976b). Kodagoda et al. (1973) appüed a threastep proccss 

using water, dilute hydrochlonde and dilute sodium hydroxide to successively extract protein 

M o n s  and found the muhi-step process ofking a hi* yield than the single step process. 

Keshavarr et aL(1977) used a simüar multi-step process to artnd r a p d  protein and found 

that while the yield of the basic extracted protein h d  the highest protein content and 

solubility, its dried produa was brown and the dukest of ail the protein fractions. The 

association of the dark color 4th the pH value of the extraction solutions has b a n  observed 

by several other tesearchers (Thompson et al., 1976; LN a ai., 1982). Thompson et al. (1976) 

prepared a rapeseed protein isolate by extracting the protein at pH 7 witb sodium 

hexarnetaphosphate ( S M )  and precipitating the protebSHMP cornplex isoelectrically. The 

method produced a protein isolate with tighter color than those isolates where alkali was used 

(Thompson et al., 1976; Liu et al., 1982). In addition, isolates with a neutral final pH (pH 7) 

were darker than those at the isoelectnc point (pH 2.5) (Liu et al., 1982). 

Aqueous NaCl extraction with acidic precipitation method. In contnst to the 

commonly uîed alkslinc m o n  with acidic precipitation method, a method using aqueous 

NaCl extraction with acidic precipitation was developed by Owen et ai. (1971), which 
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produced a üght tan, bland anâ mntoxic rapesccd protein isolate. Fig. 1.3 shows an aqueous 

NaCl extraction with acidic prccipitation process. 

v 
Sdid 

Fig. 1.3. Aqueous NaCl extraction with acidic precipitation process 

(Owen et al., 1 97 1). 

In this method, the rapeseed press cake was solubiiized with aqueous NaCI, a salt 

solubhtion step which replaceci the more industrially cornmon alkaline solubiiization. Mer 

solid matter had been remove4 the sait suluble protein was precipitated isoelectrically by the 

addition of hydrochloride. The well-known salting-in principle was utiiized. 

Aqueous NaCî extraction with precipitation by dilution method. Murray et d- 

(1978) developed a novel protein isolation method using aqueous NaCl extraction with 

precipitation by dilution, which eliminated the use of both alkali and acid fkom the process. 

An aqueous NaCl extraction with precipitation by dilution process is given in Fig. 1.4. 

In this method, the meal was al- extracted with aqueous NaCl solution. ïnstead of 

isoelectric precipitation, however, the proteins were precipitated by a reversal of the salting 

in process, which was simply the dilution of the extract solution into cold tap water. This 
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resulted in the reduction in the ionic strength of the salt solubilized protein and caused a 

massive precipitaîion of the protein with the bulk of the sait rernaining in the aqueous phase. 

Med -- Hm=#=-= >w w 

Fig. 1.4. Aqueous NaCl extraction with precipitation by dilution 

(Murray et al., 1978). 

The methoâ has ban well applied in fâôabean protein isolation and shown to be very 

effective in reducing antinutritional factors such as phenolics (Amffield a al., 1985). For 

canola, the process was modifiecl to include an ultrafiitration step to concentrate the salt 

solubiiized protein and nmove smaii m o l d e s  More the hydrophobie precipitation (Ismond 

and Welsh, 1992). 

E. Canola protein 

Canola protein mainly consists of water soluble dbumins and palt soluble globulins. 

The globulins are the storage protein of the seed, while dbumins constitute the main 

metabolically active proteins which are responsible for biosynthesis and degradation of 

globulins (Norton, 1989). The globulin &action of canola protein contains mainly two major 



CHAITER 1. LITERATURE REVIEW 

fractions, the 1.7 S protein and the 12 S haion.  While the 1.7 S protein wnsiitutes only 

20°! of the total protein, the 12 S pmtein consthtes Wh (Schwenke a d., 1983). The 1 -7 

S hction has a mdecular weight bctwcen 12,000 and 18,000 Daiton and an isoelectric point 

between 9.5 - 13, whereas the 12 S M o n  ha9 a mdecular weight of about 300,000 Daltons 

and an isoelectric point of 7.25 (Schwenke a al., 198 1). The number of subunits in the 12 S 

fiaction has been detetmined to be six, each with a molecular weight of uound 50,000 

Daltons (Schwenke et al., 1983). 

F. Discoloration uuscd by phenolic reactions in oiiseeds and plants 

Chernid reaction involving phuioiic compounâs or pigments. Alkaline trcatment 

of sunflower seeds brings about the development of a distinct color that progresses f?om a 

cream yetlow to light green, to dark green and eventually to brown. Thus, the conventional 

process for the production of protein isolates fiom sunflower results in dark and discolorcd 

products. This discoloration is due to the cornplex interaction of sunflower proteins with 

chlorogenic acid (Shahidi and Naczk, 1995). 

Dunng canola protein isolation, the major protein -ion extracted at pH 10 was 

brown in color (Keshavarz a al., 1977). Colorless powders could be obtained for d protein 

fractions by gassing with suffir dioxide for 1 min iffer precipitation but prior to drying 

(Keshavarz et al., 1977; Youngs, 199 1). However, this treatment may alsb cause the l o s  of 

essential amino acids. 

In addition, anthocyMins are a type of flavonoid, and are responsible for pink, scarkt, 
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red, mauve, blue and violet colors of vegetabes, h i t s ,  fiuit juices and wine. Anthocyanins 

can be bleached by suifùr dioxide. The colorless sulfonic acid derivatives are formed as a 

resuh of addition of su& dioxide to the 4-position of the anthocyanin molecule. The reaction 

is reversible (Shahidi and Naczk, 1995). 

In addition to these naturaliy present colored compounds~ there are four types of 

browning reactions in foods, Le., mzymatic, Maillard, carameli ion and ascorbic acid 

oxidation (Acton and Dawson, 1994; Eskin, 1990; Lee, 1975). Although not reported in 

canola, enzymatic and Meülard reactions could have ocnirred under appropriate conditions. 

A major concem to food processors and researchers working with plant foods is the 

presence of polyphenoloxidase, which is mainly responsible for spoüage through enzymatic 

browning. This enzyme catalyzes the oxidation of phenols to highly active quinones. 

Subsequently, quinones may react with amino and sulfhydryl groups of proteins and with 

anthoqanhs. nKse secondary reactions may bring about changes in physical, chernical and 

nu tri tiond characteristics of food products. Quinones may dso contnbute to the formation 

of brown pigments due to participation in polyrnerization and condensation reactions with 

proteins (Shahidi and Nacdc, 1995). 

Maillard reaction is the condensation between the a-amino groups of amino acids or 

protein and the carbonyl groups of a reducing sugar. The condensation products, N- 

substituted glucosylamine, will rearrange to fonn hc tose  amino acids, which then form 

brown pigments through dehydration, degradation, condensation and polymerization (Eskin, 

1990; Kawamura, 1983). 



G. Canola phenolics 

a, Occurrence rad cbcmisty 

Table 1.4 lists the contents of phenolic acids in fiee, esterifid and insoluble-bound 

forms. Free and e s t d e d  phenolia are soluble in methanol, while insoluble-bound phenolics 

are not soluble in methanol, but d e &  &er an aikaline hydrolysis. The totd contents listed 

in Table 1.4 are the dematical sums of simple phenolic acids in the three forms. This is 

different nom the totd phenolic contents detennined 4 t h  Folin-Ciocaiteu's nagent or by 

HPLC methods. 

Table 1.4. Contents of fiee, esterifieci and insoluble-bound phenolic acids in oome 

canola/rapeseed products 

Phenolic acids (mglg) 

Products " 
-- - 

Free Esterified Insoluble-bound Total 

Tower dehulled flour 0.98 9.82 - 10.80 

Candle dehulled flour 0.85 1 1.96 - 12.81 

Tower meal ' 2.44 12.02 0.96 15.42 

AItex meal ' 2.48 14.58 1-01 18.07 

Tower hulls 0.02 1.10 0.24 1.36 

a Tower, Aitex are B. mpus canola, Candle is B. campesin's canola. 

DetenNned by gas chromatography (Krygier et al., 1982b). (Shahidi and Naczk, 1992). 

Sum of phenolic acids. 
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The reportecl total content of phenolic acid in various canola protein products varies 

from 15.42 to 18.07 mg/g in canola meds and fkom 10.80 to 12.8 1 mg/g in dehulled floun. 

Hulls of Tower variety of canok containecl a total phenolic content ofaround 1.36 mg/g. 

The phenolic acids in f k ,  esterifid and bound f o n s  of Tower canola are given in 

Table 1 S. The îhe and esterifid fonns were detennined in the Tower flour and the insoluble- 

bound form was emiuated in the Tower W. Sinapic a d  wu the predominant phmolic acid 

in both free (90.8%) and esterifid (98.6%) fonns in canola flour, whereas protocatechuic 

acid was the predominant phenolic acid in Tower hulis. However, the contribution of 

phenolics from huils is relatively small since the weight of hulls is only 6-8% of that of the 

whole seed. 

Free phenolic dds contri'bute from 6.5 to 9.W of the total phenolic acids present in 

most canola Doun, 4th sinapic acid being the preâominant fke acid. Seved  other phenolic 

acids are present in small arnounts. These include p-hydroxybenzoic, vanillic (4-hydroxy-3- 

methoxybenzoic), protocatechuic (3,4-dihydroxybenzoic), syringic (4-hydroxy-3,s- 

dirnethoxybenu,ic), pcoumaric (344-hydr0xyphenyi)-2-propenoic), cis- and trcllls-ferulic (3 - 
(4-hydroxy-3 -methoxyphenyl)-2-propenoic) and d e i c  (3-(3,4-dihydroxyphenyI)-t- 

propenoic) acids. The structures of some basic phenolic acids are given in Fig. 1.5. 



Table 1.5. Phenolic acids in 6ee and estcrifiad f om of Tower dehulid flour and insoluble 

bound fonn of Tower huils ' 

Phenolic acid 

Phenolic acid content (mg/g) 

Dehulled Tower flour Tower huU 

phydroxybenzoic 

vanillic 

protocatechuic 

syringic 
p-coumaric 

cis-fedic 

tram- ferulic 

d e i c  

cis-sinapic 

trm-sinapic 

Total 

Sinapic acid as % o f  total 

trace 

0.01 

O. 003 

0.02 

0.03 

0.01 

0.03 

trace 

0.09 

0.80 

0.98 

90.8 

0.01 

trace 

0.002 

tract 

0.02 

trace 

0.09 

0.01 

0.74 

8.95 

9.82 

98.6 

0.002 

0.0 1 

O. 16 

O 

trace 

trace 

trace 

0.04 

O 

0.02 

0.25 

8 

a D e t e ~ n e d  by gas chromatography (Krygier et al., 1982b), Tower is a B. q s  canola. 

Esterifiecl phenolic acids form 91.0 to 93.5% of the phenolic acid present in canola 

flou mgier et ai., 1982b). Sinapine is the principle phenolic acid ester in canoldrapeseed. 

The contents of sinapihe in rapeJecd wcre reportai to vuy fiom 6.0 to 12.0 mg/g (Austin and 

Woln, 1968; Fenwick, 1979). A higher content of sinapim w u  found in B. mqms rapesced 

cultivars (16.5 - 22.6 mg/@ thui in B. crapeslris cultivars (1 2.2 - 15 -4 mg/g) (Mueller et ai., 

2 1 



Benzoic acid derivatives 

pHydroxybenzoic acid 

Syri'ngic acid 

Cinnamic acid derivatives 

pcoumaric acid 

&CO 

Sinapic acid 

Vanillic acid 

Protocatechuic 
acid 

Caffeic acid 

Ferulic acid 

Fig. 1.5. Structures of some bwic phenolic acids found in oilseeds 
(Shahidi and Naczk, 1995). 
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1978). At Ieast seven other wmpounds yielding sinapic aQd upon hydrolysis were isolatcd 

fiom rapeseed meais ofMidu and Echo varieties (Fenton et al., 1980). 

Rapeseed f l a i n  contamed nom 0.032 to 0.05 mg& of insoluble-band phenoüc rcids 

in Yellow Sarson and Gorcuuiski rapeseed varieties (Shahidi and Naczk, 1992). However? 

other sources reported that no detectable amount of bound phenolics was found in dehulied 

Yellow Sarson, Candle and Tower flours, while Tower huUs contwwd 0.25 mg/g of bound 

phenolics (Krygier et al., 1982b; Table 1.5). 

Tannins are a graip of poiypheriolic compwnds found in plants. They have molecular 

weights of 500 to 3000 Daltons ( R i i y o n ,  1972). The reportcd data on tannin content 

varies fiom 0.23 to 3 -91% in canola meal, and h m  0.02 to 1 -5% in canola hulls. Fenwick et 

al. (1 986) reported that whole and dehulled Tower meals contained 2.71% and 3.91% 

tannins, respectively. On the other hand, tannin contents were reported to be 0.23 - 0.5% in 

defkîted canola wtyledons (Shabidi and Naczk, 1992). Rapeseed hulls have been reported to 

contain 0.02 - 0.22% of extractable tannins (Blair and Reichert, 1984). The dimepancies in 

reported data are probably due to the diffierent techniques employed in extraction and 

determination of tannins. Leucocyanidin was the basic unit of tannins isolated fiom rapeseed 

huUs (Shahidi and Naak, 19%). ûther uni& ffound were peiargonidii cyanidin and its n-butyl 

derivative. Fig. 1.6 shows the units of condensed tannins found in oilseeds and the smcture 

of condensed tannins found in b i t .  



OH R 

R = H: Catechin R = H: Pelargonidin 

R = OH: Leucoqanidin R = OH: Cyanidin 

HO 

R = H: Procyanidin units, R = OH: Prodelphinidin units 

Fig . 1 -6. Units of condenseâ tannins found in oilseeds (A) and the structure of condensed 
tannin found in b i t  (B) (Shahidi and Naczk, 1995). 
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b. Sinapic acid and sinipine 

Sinapic a d ,  3,5dimeuioxy4hydroxycinnamic acid, constitutes 70.2 - 85 -4% of the 

fiee phenolic acids, 70.9 - 96.4% esterined, and 7.4 - 32.1% insoluble-bound phenolics of 

defàtted meals, respectively (Shahidi and Naczk, 1995). Sinapic acid is readüy converted to 

thomasidioic acid under alkaline condition and in the pnsence of oxygen (Rubino et d., 

1995). Thomasidioic =id, however, wül krther convat to Z,bdirnethoxy-pbenoquinb~~~ 

and 6-hydroxy-5,7-dimethoxy-2-naphthoic acid at pH 13 (CharIton and Lee, 1998). These 

reactions are shown in Fig. 1.7. 

Sinapine, the choline ester of sinapic acid, is the predominant phenolic ester in 

canoldrapeseed (Shahidi and Naczk, 1992; 1995). The hydrolysis of sinapine produces 

sinapic acid and choline (Austin and W o e  1968), as s h o w  in Fig. 1.8. Brassieu m p s  

cultivars of rapeseed contained higher levels of sinapine than Bmssicza campestrrs cultivars 

(Mueller et al., 1978). Krygier et al. (1982b) reported that Tower (B.  pus canola) and 

Candle (B. uarnpesins canola) flours containeci high levels of estainecl phenolics ranging fiom 

9.82 to 11.96 mg/& respectively. It was reported that Tower hulls contained 1.10 mg/g 

soluble phenolic esters (Krygier et al., 1982b). 

The content of sinapine was found to decrease during processing, especially heating. 

This was generally followed by an increase in the lignan level. The lignans ocair as native 

rape constituents (Jensen et al., 1990). 



 HO^ Sinapic acid 

COOH 

HO 

0CH3 

acid 

1 air 
O 

naphthoic acid benzoquinone 

pH 13 

air 

Fig. 1.7. Conversion of sinapic acid to thomasidioic acid and further to 2,6-dimethoxy-p- 
benzoquinone and 6-hydroxy-5,7-dimethoxy-2-nap hthoic acid 
(CharIton and Lee, 1997). 



Sinapic acid Choline 

x' = anion 

Fig. 1.8. Hydrolysis of sinapine to fonn sinapic acid and choiine 
(Austin and Won,  1968). 
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H. Determination of oiiseed and plant phenolics 

a. Spectrophotomctric Methods 

1. W spectral characteristics of main drsses of phenolics 

Abrorbince masimr. AU phenolic substances adubit intense absorption in the UV 

region of the spa*rwn and those tha are d o r d  absorb sbongiy in the visible region as wdl. 

The approximate positions of the absorption maxima of some classes of phenoücs arc üsted 

in Table 1.6. 

Table 1.6. Spectnl chamcteristics of some phenoücs * 

Class Principal maxima (nm) Subsidiary maxima (nm) 

Phenols 265 - 275 - 
Cinnarnic acids 230 -240 - 

310 - 350 

Coumarins 220 - 230 ca. 260 (30%) 

310 - 350 Ca. 300 (30%) 

FIavonoIs 250 - 270 ca. 3 0 0  (40%) 

350 - 390 

Anthocyanins 475 -560 ca. 275 (55%) 

" Harborne (1964). Value in parenthesis indicata the intensity of subsidiary max. 

relative to that of the principd max. 
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Phenols have a prinQpal maximum in the region of 265 - 275 nrn. CinnMiic acids and 

wumarins do not cüffier greatly in theù UV s p d  characteristics, and indeed they are vay 

similar in structure. Flavones are very distinctive, since they exhibit absorbante bands of 

approximately the same intensity at 250 and at 350 nm. Anthocyanins exhibit rbsorbance in 

the visible region. 

Ioiiization of phenolics. The absorption spectn of simple phenolics have becn 

measured in alkaline solution by severai researchers (Hahome, 1964). Large bathochrornic 

shifts fkom neutral or acid solutions were obtained in most cases, and an increase in intensity 

of the absorption bands was also observed. In alkaline solution, phenol ionizes as shown in 

Fig. 1 -9. 

Fig. 1.9. Ionkation of phenol m o r n e ,  1964). 

The alkaline shiAs of some simple phenoiics are listed in Table 1 -7. Ionization of 

aromatic carboxylic acids causes a hypochromic SM in the spectnirn (e-g., cinnamic acid, 

& dH 273 nm; X , ,267) so that phenolics containing carboxylic acid substituents 

do not give as large a bathochrornic shift in slkali as the relateci esters (Harbome, 1964). This 
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fact is usenil for distinguishing betweerr phenoücs and th& esters. For example, compare 

sinapic acid (AL = 48) with its choline esier, sinapine (M = 60) (Table 1.7). 

Table 1.7. Alkahe shifb in I , of some simple phenolics 

Compounds X , neutrd (nm) 5 ,  aikaline (MI) M. 

Phenol a 273 

phydroxybenzoic acid ' 254 

pcoumaric acid ' 3 10 

Sinapic acid 306 

Thomasidioic acid 3 10 

2-Naphthoic acid 292 

Sinapine 324 

' Harborne, 1964, Cai et ai., 1999b, alkaline = pH 10. Value in parenthesis indicates 

the percentage incruw in the intensity of the principal ma. 

Direct spectmscopic determination of phenolic content. Several researchers have 

determined the concentration of total phenolics by musurement of the absorbance of the 

solution at a single wavelength, uniaily at the maximum nearest to or in the visible region 

(Swain and GoIdstein, 1964). 

Wang et ai. (1998) used an ion-exchange W spectrophotometnc method for the 

determination of sinapine in Brassiu seeds and mds .  Phenolic extracts were prepared by a 

30 
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single extraction followed by an ion-acchrnge column purification procedure. The sinapine 

content of the punfied fraction was then determincd using a W spectrophotometer at 330 

nrn. Sinapine bisulfate wu used as a standard for cali'bration in the test. 

It should be noted that the A, and the molar ahsorbance for any compound are 

markedly &ècted by pH, ionic strength ad the presence of certain metals and cations, as are 

the solvent used and the temperature at which the measurements are made (Swah a d  

Goldstein, 1964). The change fiom ethanol to watm as a solvent for baizoic and cinnarnic 

acid induces ionization and causes a marked change in spectn. 

2. The use of reagcnts in spcctrophotometrie methods 

Most phenolic compounds are readiîy attacked by various oxidizing agents, many 

react with diazotised amines and electrophilic substances, forming colored compounds, and 

some form colored complexes with catain metals. These reactions are ofken used as the basis 

for estimating the level of phenolics. Since individual compounds vary widely in their abity 

to react with (a) oxidizing agents such as phosphomolybdate or permanganate and (b) 

coupling reagents such as titanium chloride, ail spectrophotometric procedures for the 

estimation of total phenolics are necessarily empind (Shahidi and Nac* 1995). Table 1 .8 

lias some cornmon phenolic reagents. 

Folin-Denis rugent rad Folin-Cioulteu rugent methods. The Foiin-Denis 

method is the most widdy used assay for quantification of total phenolics in plants (Swain and 

Hillis, 1959; Shahidi and Naczk, 1995). This test is based on the reduction of 



, Table1.8.Listofph4 

Reagent 

Folin-Denis or Folin- 

Ciocalteu reagent (Swain 

and Goldstein, 1964) 

Anthocyanin reagent 
(Swain and Hillis, 1959) 

co-anthocyanin 
reagent (Swain and mis ,  
1959) 

Vanillin reagent (Swain 
and Goldstein, 1964; 
Shahidi and Naczk, 1995) 

~lic reaRents 
Formula 

Mixture of cornplex 

phosphotungstic and 

phosphomoIybdic Gd, 

cqPW,20, and 

,*O* 

1 mL of 3W hydrogen 

peroxide in 9 mL of  

methanolic hydrochloric 

acid (5/1, v/v, 3N), H202 

25 rnL 36% (w/w) 

hydrochlonc acid in 475 

mL n-butanol 

Compound Fonned 

ûxidizes phenois and is 

reduced to a mixture of 

tungsten and molybdenum 

blues, WsOa and Mo,O,, 

broad k ,725-750 nm. 

Amhocyanin in acidic media 

fonns red colored oxonium- 

carbonium ion. 

Leucoanthocyanhs are 

by heating in an acidic 

solution, 1,550 nm. 

In the presence of strong 

acid (7Ph aq. H2S0,, v/v) 

gives adduct with 

undeactivateci 1,3- and 

rings only. 



Reinecke sait (Austin and 
WoW, 1968) 

Titanium tetrachloride 
(Eskin, et al., 1978; T s d  
and Eskin, 1979) 

Prussion blue assay (Price 
and Butler, 1977) 

Gibbs ragent (King et al., 
1957) 

Ammonium 

tetrathiocyano- 

diammonochromate 

Potassium femcyanide 

chlorimide 

Formation of water-insoluble 

complex bctween Reinecke 

sait and the quaternary 

nitrogm base (-Ni&+), 

dissolved in methanol for 

measurement, A - 400 nm. 

Forms complex with 

phenolics. 

broad X - 3  90-500 nm. 

Reduction of femc to 

ferrous ion (by tannin, 

depends on degree of 

polymerization), F" + T, 

A, 720 m. 

In the presence of alkahe 

b S e r  gives indophenol. 

A, 620 nm. 
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phosphomolybdic-phosphotungstic acid (Folin-Denis) reagent to a blue wlored wmplex in 

alkaline solution by phenoüc compounds. 

In the FolikCiOCSlffeu's reagent method, the Foiin-CiOCIJteu ragent was u d  instead 

of the Folin-Denis reagent. The procedures using Folin-Denis and Folin-Ciocalteu's reagents 

are sirnilar, both involving the reduction of the reagents in saturated sodium carbonate 

solution TBNUc a d  (Schandert, 1970; Pearson, 1971) ad faulic acid (Velioglu et al., 1998) 

have been used as standards for these assays. 

Anthocyanin nagent. The qrulitative estimation of anthocyanins in aqueous buffer 

extracts of h i t  tissues can be satishctorily carricd out by measuring the difference in the r d  

color of the adnd at pH 2.0 and pH 3.4 (Swwain and Hillis, 1959). The change in absorbance 

in the visible spednrm of the anthocyamn solution with pH, is dependent on the change in the 

proportion of the compound in the oxonium-carbonium ion fonn. Anthocyaniiu in acidic 

media exist as an equilirium between the colored oxonium ion and the colorless pseudobase 

fom. Quantification of anthocyanins takes advantage of theu characteristic behavior in the 

acidic media (Shahidi, and Na& 1995). 

Leucoanthoqinin rugent. The Ieucoanthocyanin reagent is composed of 

concentrated hydrochlonc acid (25 mL of 36% wlw) diluted with n-butanol to 500 mL 

(Swain and Wis, 1959). AU quantitative estimations of leucoanthocyanins are based on the 

transformation of these substances to anthocyanins by heating in an acidic solution (Shahidi 

and Naczk, 1995). îhe transformation is not 1W!% quantitative since a large amount of 

brown polyrner is f o d  dong with the anthocyanidin. 
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Vanillin nagent. Vanillin nagent is composed of recrystallitPA vanilîin (1 g) 

dissolved in 100 mL of 7û% (v/v) concentrated suhric reid. The vanillin method is widely 

used for quantification of proanthocyuiins (condensed tannins) in h i t s .  This method is 

generally recognited as a usefd method for the detection and quantification of condenseci 

tannins in plant materiils due to its sensitivity, specificity, and simplicity. However, the 

possibüity of interfetence with dihydruchalcones a d  anthocyanins should k wnsidaed 

(Shahidi and Naczk, 1995). This method is based on the condensation of wiillin with 

proanthoqanhs in acidic solutions. Protonated vanih, a wcak electrophile, ructs with the 

flavonoid ~g at the 6 and 8 positions. The intermediate product of this r d o n  dehydrates 

readiily to give a light-pirik to deep-red cherry colored product. fhe color stability of vaniilin- 

tannin adducts may increase when light is excluded and the temperature of the reaction is 

controlled (Shahidi and Naczk, 1995). 

Rein eeke ul t  issay. Rehecke salt is composed of ammonium tetrathiocyano- 

diammonochromate (Austin and Woln; 1968; Isrnail and Eskin, 1979). This test is based on 

the formation of water-insoluble complex between Reinecke salt and the quaternary nitrogen 

base (-NE&+) such as that in sinapine. It has been used to determine sinapine (Austin and 

Wolff, 1968). 

Titanium tetrachloridc Titanium tetractaloride ragent is composed of 200/. T iC1, 

in concentrated HCl (Eskin a ai., 1978). This method has been used to determine sinapine 

in rapeseed /canola and chlorogenic acid in suntlower seeû (Eskin a al., 1978; Ismail and 

Eskin, 1979). The test is based the formation of colored complex between phenolics and 
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titanhm tetrachloride. Aqueous ethanol or -one was used for the extraction of phenotics 

fiom oilseed or meai. 

Pnauian blue uuy .  In this methocl, a reduction of femc to fmous ion cornplex is 

involved (Price and Butler, 1977). The abüity of phenolic mmpounds to reduce f h c  ion 

depends on the hydroxylation pattern and the degree of polymerization (Pnce and Butler, 

1977). This method has ken used to dettnnine twh content of 5orghum grain 

Gibbs rcagent. Gibbs reagent is s e ldve  in so fu as a position para to a hydroxyl 

gmup on the phenolic ring must k fke (King et al., 1957). Phenoücs with substituted groups 

on the para position will not react with Gibbs ragent. 

b. Chromatognphy 

1. Paper and thin-lryer cbromitography 

Thin layer and paper chromatography are widely used for purifkation and isolation 

of food phenoiics (Thaller, 1964). Sosulski and Dabrowski (1984) used thin-layer 

chromatography to fkactionate phenoiics in dinarnt legume species such as lentils. The 

phenolic extracts fiom lentils were loaded on TLC plates coated with silica gel IB2-F 

containing fluorescent indicator UV-254. The solvent systern of butanol-acetic acid-water was 

used for separation. The extracts fiom lentiis fkactionated by TLC indicated the presence of 

several colored constituents. Krygier et al. (1 982a) used thin-layer chromatography to 

separate rapeseed phenolics. The TLC plates were wated with silica gel containing 

fluorescent indicator (Sosulski and Dabrowski, 1984). The solvent system ernployed for 
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separation of phenolic acid from fatty acids and 0th- con taminants was benzene-methanol- 

acetic acid mixture (20:4: 1). All compounds were visible on TU: plates as duk spots under 

short wave (254 nm) W light while oniy the phenolics a p p d  as blue fluorescent spots 

under long-wave (360 nm) W light. Al1 acids appeared as yellow spots d e r  spraying the 

plates with a 0.02% ahanol solution of bromocresol green (Krygier a al., l982a). 

In an investigation of the metabotic pathway of sinapii in rapesad sinapic acid 

derivatives were separated and cbaracterized by thin layer chromitognphy on siüca gel or 

miaocrystalüne cellulose plates with solvent wntaining n-butanoVacetic acidhuater (1 W315, 

v/v/v), and by paper chromrtography on Whatman No 3 in a solvent containing toluene/acetic 

acid /water (21 1 /watet satumted, v/v/v) (Bouchereau et al., 1992). 

2. Gas Iiquid chromatography (GLC) 

The phenoiic composition of rapeseed flour was detennined by GLC (Kxygier et al., 

1982% 1982b). Phaiolic aciâs were siiyiated by siight warming with Tri-SiYBSA Fomula D. 

The M%Si derivatives of the phenolic acids were separated on a Hewlett-Packard Mode1 

5710N30A gas chromatograph equipped with a flame ionization detector and peak uea 

integrator. The 2000x2 mm I.D. g l u s  column wu packed with 3% OV-1 on 80-100 mesh 

Chromosorb W (HP). The flow rate of the canier g ~ s  was 40 cm3/rnin of nitrogen. The 

injedon and detection temperature was 300 OC. The oven temperature was programmed to 

run fiom 120 to 300 OC at 4 O#min Phenoiic acids were identifieci by cornparhg the retention 

times of the MsSi derivatives of the unknown with those of the MsSi derivatives of the 
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standard acids (Krygier a al., l982a). 

Hartley and Jones (1975) used gas chromatography to determine the cis and tram 

isomers of Wmiamic acids. The ükthy ls i ly i  ether derivatives of the four substituted cinnunic 

acids were separateci using a Pye Unicam Series 104 chromatopph with a flame ionkation 

deteaor and a 2.75-m glas colurnn (ID. 4 mm). 

3. High Pe~ormance Liquid ehromatography 

Hi&-performance liquid duomatography @PX), with its high speed and sensitivity, 

offers a promising system for analyzing plant phenoiics. Andersen (1983) developed a 

reverse- phare HPLC method for the simultaneous qualitative and quantitative daennination 

of agiyume plant phcnoiic acids by using gradient elution. Phenolics were extracted fiom the 

cells with boiling ethanol, purified with centrifùgation and ion-exchange separation. The 

purified aglycone m i o n  was hydrolyzed with hydrochloric acid and then extracted with 

diethyl ether to yield phenolic acids. These phenolic acids including gallic, protochatechuic, 

4-hydroqrbenzoic, vanillic, chloroguiic, syringic, fe* sinapic and cinnamic acids were 

detennined with HPLC in 25 min (Andersen, 1983). 

Using a similar reversephase HPLC method, structural changes in sinapic acid 

conjugates during Seedling development of rape were u~essed (Bouchereau et ai., 1991; 

1992). The seed or seedling atncis wae separateû into a cation fiaction containing sinapine 

and a non-cation âaction (anions and neutral Îraaion) containing sinapic acid, 

sinapoylglucase, sinapoylrnalate and 1,2-disinapoylglucose (Bouchereau et al., 1992). The 
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h u ~  M o n s  were thcn appiied to the HPLC column The absohance was determinecl at 254 

nm for sinapine a d  at 330 nm for the components in the non-cation fhction (Bouchereau et 

al., 1992). 

HPLC was also used for detennining phenolics in Maize mesocotyl following 

extraction, basic hydrolysis and purification (Hagermui and Nicholson, 1982). The reverse- 

phase column containeci 10-)im particles of Lichrosorb C-8 and phenoücs were deieaed at 

254 nm (Hagennan and Nicholson, 1982). Cirinamic, o-coumaric, pcoumaric, d c ,  f d c  

and sinapic acids were separatecl in 30 min with two isocmtic fiows at 15% and 30./. 

methanol in sodium acetate buEa (Hagerman and Ncholson, 1982). 

HPLC was also appüed for the analysis of phenolics in soybean (How and Mon, 

1982), grape must (Pompei et al., 1986) and eggplant (Lattanzio, 1982). 

1. Color determination 

a. CIE method of color sptcificrition 

The CIE method is a method of color control weU established in industrial practice. 

The letters CIE stand for Commission Internationale de I'Eclairage (International Commission 

for Iilumination) (Acton and Dawson, 1994; Judd and Wyszecki, 1975). This international 

organization recornrnends basic standards .nd produres for al1 aspects of light, lighting, and 

illuminating engineering, which includes colorimetry, the measurement of color. 



b. CIE 1931 standard colorimetric observer 

It has been found worthwhile to use a specific test method for mlor Ïn  business, 

industry or in science. Cornparison to a standard aiiows for the interpretation of the 

s ~ o p h o t o m e t r i c  rrsultt. CIE recurnmends that colorimetric specifications of color stimuli 

be based on the spectral tristirnulus values NA), fi), z(A), given in Table 1.9, whenever 

correlation with visual color matchhg of fields of angular subteii~e between 1 and 4 degrees 

at the eye of the observer is desirecl. Whenever the correiation with visual color matching of 

fields is of large angular subtense, that is more thui 4 degrees at the eye of the observer, the 

colorimetric specilïcation of color stimuli is based on the CIE 1964 supplementary standard 

observer (Judd and Wyszecki, 1975). 

Table 1.9. CIE 193 1 standard colorimetric observer ' 

Wave- Wave 
length Tristimulus values length Tristimulus values 
A ( m )  x(A) y@) z(A) A(nm) NA) HA) * A )  
380 0.0014 O 0.0065 580 0.9163 0.87 0.0017 



780 O O O 
a Judd and Wyszecki, 1975 

The spectral viaimulus values a), y@) and z@) define the CIE 193 1 standard 

colorimetnc observer. At a given wavelength À the values of the three functions NA), y@), 

z(A) give the amount of X primary, the amount of Y primary, and the arnount of Z prim~ry, 

respedvely, required to produce for the standard observer the color of the spectral stimulus 

of unit radiance (Judd and Wyszecki, 1975). 
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c. CIE 1931 tristimulus vduu 

The CIE 193 1 trirtlrPilus &es chafacterize the cornplete spectmm of a given object- 

color stimulus, cp(A)dA, which is dso d e d  the relative specvl l  powa distiibution. It is the 

object-wlor stimulus for which we wish to determine the CIE trinimulus values. 

The CIE 193 1 tristimulus values X, Y, Z of an object-color stimulus q(A)dA are 

dehed by the followhg equiltions: 

x =a & A ) m  da 

Y = k f 1 cp(A)y(A) da 

Z = k 1, M A )  z(A) dA (Judd and Wyszecki, 1975, Francis, 1983) 

wkere k is a nomalizing factor, which for object-color stimuli is conveniently chosen as 

k= lûû/J, S(A)y(A) dA 

and (p(1)d.A is the relative spectral power distribution which defhes the object-color stimuli 

such that, 

H A )  dA = %(A) S (A )M 

where %(A) is the spectd aansniinure -or (spectd reûectance factor for opaque abjects), 

and S(A) the relative spearal d i s t n i o n  of CIE standard itluminate D, to represent average 

dayiight. 

For a ~e~lurn inous  color stimulus, the equation is  simply: 

q (A)  dA = S(A) dA 

where S(A) is the reiative spectral power distribution of the se~luminous coior stimulus, for 

example, a fluorescent larnp. 
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To CVIJulfe the integrations in the above equrtions which give tn'stimailu d u e s  X, 

Y, & an rpprowMtion of the w o n  by a s d o n  known as weight-ordïnate methocl 

is usually ukm. In Our rncthod, the spcanun ir brokea down hto a h i t e  nimkr o f e q d  

wavdength intennlr M. and thc CIE 193 1 vutirnulus &a arc obuined fiom the foiiowing 

sums: 

with 

and 

W) a=*) S(X) a 

This mctbod of caicuiation is d e d  th waght-ordinaîe methd since each orâinatc 

o f t b e c u r v c , ~ ) d ) c = ~ ) ~ ) ~ b W f i ~ e d b y t h C I E  193lstadardtristimulusvrlues 

w), y(&), a). Usualiy, AL = 5 nm or evcn AA = 10 givu a sdlïciat approximation. 

Once we have calculnted the tristimulus values of i color stimulus, the cluomaticity 

coordinates can k f o d  f h m  the foilowing eqdons: 

x=W(X+Y+Z) 

Y = Y / ( X + Y + Z )  

CIE 193 1 tristimulus ducs X, Y, 2 do not directly correspond to the reJ cdor 

intensity. Thcy can k converted to Huntu L i b vaiucr u s a  tbe foîiowing e~uations: 



b = 7 . 0  * (Y-0.8472)lY (Judd and Wyszecki, 1975) 

Variations of lighter or darker are cded lightness differences, variations of gnyer or 

more saturateci are d e d  saturation ciifferences, uid variations toward any wntiguous 

member of the series, red, yellow, (pan and blue, are d e d  hue di&rences. Lightness, 

saturation and hue can be calculated fiom the Hunter L a b values as foiiows: 

Lightness = L 

Saturation = (a2 + bpn 

Hue = 0 = tan " b/a (Acton and Dawson, 1994) 

Hunter L a b &es repnsart the real color intensity and have been applied to color- 

production control tasks in various industries. A Huter L a b color solid is given in Fig. 1.10. 

1 O0 White 
L I 
\ * p f7",=W- / 

p O 
Green 

-50 Green 

Fig. 1.10. Hunter L a b color solid (Acton and Dawson, 1994) 
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Thus, whik inseumaiir arc avaiiable that gaiaue uKse values, it is d o  possible to 

calailate L a b values fiom direct spectrophotometric readings of the visiie wadcngth~. 

Details of the caiculations of the aistimulus dues X, Y, Z for an object1~010r 

stimuîus q@) = T@) S@) a arc shown in Table 1-10. The objcct was 8 100 pg/mL 

sinapine solution of pH 10, which had a grecnish-ydlow color. Its spectral truwmittuice 

factors r(X) hve bem mcasurd by a spectropàotomcia .ad u e  giwn in the second column 

of Table 1.10 for the &a@ range &om 380 to 780 am at wavelcngth intends LU = 10 

nm. The illuminant is rcprestnted by S@) of the CIE stadard ili uMnM D, in the third 

column. nie observer vicwing the object ir nprcrcnsed by the CIE 1931 stindud 

colorimetric observer denned by the spectrirl Eristimulua vaiucs e), ylXX a) given in the 

fowth, fifth a d  sixth cohmnLI of Table 1.10. Tb semth tbrough the tcnth cdumnr of T d e  

1.10 show the results of the finr phase of the aldation wbich giver for ecich wavelcngth 

the products u indicated. 

In the second phase the auns ( 3 of u c h  column of the products are fomaed and 

they are entered in the quations for 4 Y& Y, Z shown in the bottom of the table. 

The calculated tristimulus values can thm k used to d a i w  the chrodcify 

coordinates q y, Huntu L a b dues and lighîness, m o n  and hue of the givcn obj- 

color stimulus, as given in the bottom of Table 1.10. 



Table 1.10. Calculation of  the tristimulus X Y Z values, Hunter L a b values, chromaticity 

coordinates, saturation and hue of an object-color stimulus, 100 pg/mL sinapine in a 

phosphate-boric acid buffa of pH 10 ' 
Wave- Da CIE 193 1 stuidsrd 
length Object source observer Products 
A(nrn) T(A) s a )  m y@) z(A) 5*S*x PS*y  t*S*z SCy 

380 O 50 0.0014 O 0.0065 O O O O 



CIE 1931 tristimulus values 
X=kEr* S *x=79.6 
Y=kEr*S8y=95.9 
Z = k x s * S * z = 3 6 . 2  
ym = 9.79 

Hunttr L, a, b values Lightness = L 
L= 10 * Yln=97.9 Saturation = (a2 + b3* = 53.5 
a =17.5 * (1.02X-Y)/Yn = -26.2 tanb/a = 4.75 
b = 7.0 * (Y-0.847ZYYLR = 46.6 Hue = tan"b/a = -60.6 

a Cai et al., 1999a; 1999b. 



CHAPTER IL STRUCTURAL CHANGES OF SINAPIC ACID AND 

SINAPINE BISULFAE DURING AUTOCLAVING WITH RESPECT 

TO THE DEVELOPMENT OF COLORED SUBSTANCES 



ABSTRACT 

Strustunl changes in w i c  acid during autodaving were studied us* spectrû 

ms, thin kya CIZC), pcrfomynv liW c~--W@Y m=), 
nuclear magnetic r e s o t l ~ ~ t  (NMR) rad mur rpectrosmpy. Color propertiu of sinapic acid 

and its daivativu wue stuclied by dciammuyl 
. . 

thetnaraiittrncetpecvuns-tbe 

Commission Internationale de L'Edahge (CIE) 193 1 trb&idus d u -  and convuthg to 

Hunter L a b dues. ït was f o d  that the coloriess sinapic acid aquaiur solution (100 

pghiL+) tumed ydow rfta 15 minutes in M autoclave at 121 OC and 0.1 MPa F J t w  the 

ydow aquwu ~ohrtion through a 0.45-rn r a w d  8 h w n  solid combthg of rt but 

three undetamincd d o r d  substama ud la r ydow liquid. A newfy ddoped ydow 

substance, syrinpriddryde was i* in th Iiquiô phase by cornparhg the NMR and mus 

spectnim of the unlaiown with those ofPd&ntic syrhgaidehyde. Thomasidioic acid wu ais0 

found in the Iiquid p h .  Under the same autociaving conditions, sinapine rbowed no 

evidence of any structurai or color change. 

KEY WORDS: Airtocla- Mdr phumlica, ehro~gmphic  anaiysis, &, Pnrpic a d ,  

sinapine, syringaidchyde. 
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INTRODUCflON 

Canola provides an exdent  d i l e  oil source (Ackman, 1990) and is one of the most 

important oilseeds in the wodd @&in a ai., 1996; Shahidi, 1990). Canola protein has a well- 

balancesi amino acid content and a tavorable protein efficiency ratio (Liu et al., 1982; Ohlson 

and Anjou, 1979). Therefore, interest in p r e p a ~ g  food grade protein from canola meai has 

been increasing (Ismond and Welsh, 1992; Gillbecg and Tomeil, 19760; Owen a al., 197 1). 

Unfortunately, the use of canola protein is limited by the presence of some antinutritional 

compounds such as glucosinolates, phytates and phenolics (Shahidi and Nat* 1992). 

Phenolics have significant effects on the visual attribut- flavor characteristics, nutritional 

and even &naional properties of oüseed products (Shahidi and Na& 1992; 1995; Youngs, 

199 1 ; W i n o  et al., 19%b). Color and some other &ed~ are believed to be developed during 

olseed processing (Youngs, 1991). Commercial defitting of canola is currently accomplished 

almost exclusively by pre-press and solvent extraction systems, with flaking and amking of 

the whole seed before pressing in expeuers (Eskin et al., 1996; Hamilton and Bahail, 1987; 

Buhr, 1989). The mere moist-heat treatment, in the cooker and desolventizer unit, darkens 

the meal color and denatures protein (Youngs, 1991). The resulting commercial canola meais 

are less than ideal for food use pâriiy because of the dark color and bitter flavor associated 

wit h products produced fkom phenolics during processing. Detennination of the reactions 

involving these phenolics that would occur during processing is the key to fûrther research 

on this problem. 

In contrast to the effèct of pH on the color properties of oüseed phenolics (Ribereau- 
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Gayon, 1972; Harbome, 1964; Austin and Wol& 1968). which g e n d y  occurs during 

protein isolation (Keshavarz et al., 1977). the effect of heat and pressure are closely related 

t o  the steps during oilseed extraction, ruch as preheating, amking, pressing uid 

desolvenhtion @&in a ai., 1996; Shahidi, 1990; -ton and Bahail, 1987). During these 

steps, heat and pressure are nonnally requireû. In a study on sunflower seed phenolics, 

heating was f d  to deaeue the content of the simple phenolics (Sootry ami Submnanh, 

1 985). Heat tmtnmts were al00 shown to rrsuh in a decrease in the content of sinapine and 

an increase in lignan content in rapeseed (Jensen a ai., 1990). Heat and pressure seexneci to 

have signincant effécts- on the color and structures of phenoiics. However, the exact nature 

of these changes has rarely been reporteci, pady because of the complexity of the systems. 

In addition, there appeared to be no reporis on the coloration of canola phenolics during 

autoclawig. 

Sinapic acid and sinapine are the focus of this paper since they are the major simple 

and esterified phenolics in canola (Shahidi and Na&, 1992; Blair and Reichert, 1984; 

Sosulski and Dabrowski, 1984; I<rygcr et ai., 19826; Fenton a ai., 1980). The present study 

reports the structurai changes and coloration of sinapic acid and sinapine during autoclaving 

with a focus on the development of colored substances. The experiments were pedormed 

with pure phenolic solutions to ensure that the information obtained reflected the substances 

of interest. 
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MATERIALS AND METHODS 

A. Sources o f  Materiab 

Sinapic acid (3,Sdimethoxy4hydroxyannaniic acid) and syringddehyde (4-hydroxy- 

3,Z-dimetho-dehyde) wae purchased fkom Aldrich Chernical Co. (Milwaukee, WI). 

Syringaidehyde is a dull ydiow soiid (Sigma-Aldrich Canada Ltd., materiai sefkty daîa shcet, 

1997). Aldrich süica gel (230-400 me&, 60 A) w u  used for column chromatography. 

Sinapine was isolated h m  S i v i s  al& certifieci seed from Tilney Mustard aop  as sinapine 

bisulfatc according to the method outiined by Cland ' i  (1961). Acetic acid and sodium 

hydroxide used for HPLC werc vcrifid ACS grade and p~fchased fiom Fisher Scientific Co. 

(Nepean, ON, Canada). Other chernicals used for HPLC were HPLC-grade. AU other 

chernicals, unless stated othenuise, were verified ACS-grade and purchased f?om Fisher 

Scientific Co. 

Thomasidioic acid was prepared according to Ahmed et ai. (1973) and Rubino a ai. 

(1995) with sorne modifications. Twcnty mg sinapic =id wae dissolved in 0.4 rnL methanol. 

This solution was added to an aqueous FeCl, solution (40 mg11.6 mL). The solution was 

aerated for a few seconds. The violet-red precipitate was collecteci and treated with 

concentrated H2S04 for 30 seconds. M e r  diiuting with an equal iunount of water, the 

resulting mixture was extracted with ethyl acetate (3x5 mL), dried with MgSO,, and 

evaporated under vacuum. The residue was dissolved in methanol, activatcd carbon added, 

the mixture was then filtered through a 0.45-pm filter. The methano1 was evaporated under 
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vaanim The resulting thomasidioic acid was used as a standard for the identification of new 

compounds f o n d  during autoclaving. Thomasidioic acid is a coloriess solid (Ahmad et al., 

1973). 

B. Procedure for determination of structural changes and coloration of  sinapic acid 

The procedure for the determination of color and sa~cturai changes of sinapic lcid 

is shown in Fig.2.1. A 100 pglmL solution wu prepared by dUlolving 200 mg of sinapic acid 

in 2000 mL distillecl water in a 3000-mL beaker. About 10 mL of this solution was kept as 

a control sample. In deteminhg the &kt of autoclaving time on the color properties of the 

solution, three sarnpla of 10 mL eoch wae taken h m  the above solution and autoclaved for 

15, 30, and 45 rnin, respectively. The rest of the solution wu autoclaved for 30 rnin. 

Autoclaving was conducteci with an AMSCO Eagle 3000 Series Steriüzer (Arnerican 

Sterilizer Company, Horsham, PA). Time, temperature, and pressure were controlled 

automatically. A gravity mode1 was used for the autoclaving of the samples, where no iiquid 

water was added during autoclaving. Temperature and pressure were routinely set to 121 OC 

(250 F) and 0.1 MPa (15 Psi). Spectral analysis of the samples was conduaed both before 

and &er autoclaving to detamine the W spectra and Hunter L a b values. After autoclaving, 

the solution was filtered through a 0.45-pm filter, giving a brown solid phase and a yellow 

liquid phase. 

Analysis of the brwn  soiid. The solid phase was recovered fkom the filter paper by 

washing with ethyl acetate, drying with MgSO, and evaporating under vacuum to remove 
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solvent. HPLC urrlysis d thin laya chomrtography (1Wh ahyi acctate) wae conducicd 

on the recovered solid samples. Thrœ Gactions fkom the thin k y a  chromatogrrphy at & 

0.95,0.91 and 0.72 wac rccovd from the Püu gd by a ü a d q  with mtthUK)l, fihuing 

through a 0.45-pm nIta to remove silia gel .ad ~ p o m t i n g  unda vlcuum to remove thc 

solvent. An NMR spcctrum analysis was paformed for esch of these fractiom. 

Anilysir of tk yclkw iiquiâ. The ydbw liquid phrc Born the fibation wu 

snat)udimmdLtaytidî~~@the-ind-mHPU:-. Alror 10- 

rnL sample was kcpt u r control for Lta HPLC uulyrir. The ubrtiaca in the of the 

Liquid p h  wae r ~ ~ ~ v e f d d  by the solution with ethg W e .  The or@c pbrra  

were combined, dried with MgSO, and ~ p o r a t e d  uada vacuum to m v e  the solvent. 

Mer recording its 'EX NMR spcctrum, the residue, r r d  solid, wu n c r y d b d  from 

-CC. The ayst.14 which wac miMly iinrpic acid m, m), were d i s a r d 4  whk the 

liquid CH2Cl, solution w u  chromatographed through i 3--an aüiu gel w l ~  using 

ethyl acetate as duant. The dution wrs mn unda di@ air p r m  and 20 W o n s  wen 

collectecl. These fiactions wae ~pora ted  to dryncss unda a strcam of wum air. The 4. 

fiaction, a dull o ~ g e  solid w u  the major fiaction. This solid w u  d y z e d  usïng NMR 

spectroscopy, mopp spectroscopy and HPLC. 

C. Pnpamtioa .ad treatment OC ainipine solution 

A 100 pdmL sinapime soiution wu prepued by dissolving 5 mg of sinapime into 50 

mL distilled w8tet. Whik 10 mL of this soiution was kept as controi, the rest wu autociavd 
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for 45 min unda the same conditions as used for sinapic acid. Spccml ud HPLC d y s i s  

were peCronned for the control and the autochved sample. 

D. Spectnl andysis and color determination 

Spectril analyses wac puformed with 8 Hewlett-Pdcard 8452 diode . m y  

spectrophotometer with MS-DOS W-VIS software lookhg at both W (200 - 350 nm) and 

visual spectra (380 - 780 am). The aame sampIes wac used for both rpcanl .ad HPLC 

mllyris. Ulîraviolet spectra wae tecordeci as a i ~ ~  of rbrorbance as 8 w o n  of 

wavelength. V d  spectn were recorded u pamtage of light tnnsmittance as a W o n  

of wavelength. The color of a solution was detcnnined by taking the tmmmhmce daîa It 

the wavelength range fkom 380 to 780 nm, ulnilullip the C E  1931 triscimulus values, X, 

Y and 2, and mathematidy converthg to Huntcr L, 8 and b values (Judd and Wyzecki, 

1975). 

The caladation of the CIE 193 1 tristimulus values, Y and Z fkom the above 

transmittamc data wu bued on a kght-ordinatt method with a wavelaigh intemai M=10 

(28). This calcuhion wu &ne witb a cornpiter sprdshcct Rognm (Quattro Pro, V d o n  

7, Corel Corporation Limitcd, Canada). The CIE standard ill umin8nt De wu used as the 

illuminant in the d a d a t i o n  S b  these Y Y, and 2 values do not have a direct proportion 

to reai color intedties, they wae convertcd to Huntcr L a b d u e s  using the cquations 

L=lO*p,  a= 17.5*(1.02*~-~, a d  b=7.0*(Y-0.847*zyY"~ (Judd a d  Wyzeclci, 

1975). 
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E. HPLC Anrlysis 

HPLC was used to monitor the structural changes in sinapic acid and hapine 

following the autoclave t reahent  Chromatographie equipment consisteci of two Waters 

(MïEord, MA) pumps (model 501 and 510). an automateci gradient controuer modd 680 

(Waters), a S ihadm Wyoto, Japan) SPDdA ultraviolet 0 spectrophotomctric detcctor, 

and a Hewlett-Prctnrd (Avodale, PA) model HP3396XI integrator connectai with a pak 

96 cornputer soAware (Hewiett-Packard Company, Avondale, PA). A reverse-phase column 

(Supelcosyl, 3-prn particle size, 33~4.6 mm id.; Supelco, Bellefonte, PA) was wed. The 

elution solvent consisted of two components. Component A wss a 0.05 M sodium acetate 

buffer prepared by a 1 : 100 dilution of a stock pH 4.7 acetate buffer. The stock buE& was 

prepared by adjuthg 5 M acetic acid to p H  4.7 with solid sodium hydroxidt (Fïagerman and 

Nicholson, 1982). This acetate was filtead îhxwgh a 0.45 (un filter. Component B was pure 

methanol. The column was xnaintained at 37 "C and run at a constant flow rate of 1.4 Wmin. 

For sinapic acid solutions M o r e  and a f k  autoclaving, the initiai elution solvent was 

15% methano1 and 85% component A Mer a 10.min isocratic fiow, a 2-min linear gndient 

was used to change the solvent composition to 100.A methanol. This composition wu 

maintained for 2 min, after which another 2-min linear gradient reninied the solvent to its 

original composition. 

For the brown solid separateci by filtration through a 0.45-pm fiiter, the initial elution 

solvent was 15% methanol and 85% componmt A This composition was aitaed to 100.A 

methanol with a lemin heu gradient. The solvent composition wm maintained at 100.A 
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methanol for 2 min, fier which a 2-min l i n s  grPdient retumed the solvent to the original 

composition. The brown solid was dicuolved in metbo l  for the HPLC anaiysis. The rune 

solvent system was used for hapine solutions. Sinipine wu eluted within the 10-min linear 

gradient. Mixtures of syringaidehyde and sinapic acid were separated by the same linear 

gradient solvent. 

F. Thio layer chromatograpby (TLC) 

In order to qualitatively analyze the colored wmponents, TLC was pertormed using 

silica gel TLC plates (Watennan, Clifton, NI). with 1Wh ethyl Pcaate as elution solvent. 

Crude reproductions of the d t s  were made ushg a computerized drawing program (Corel 

Flow, version 7, Corel Corporation Limited, Canada). % w u  m u n i r d  manually. 

G. Nuclear magnetic rcsonance (NMR) and mass spectra 

NMR and mass spectd analyses were pediormed on several matends obtained during 

the isolation procedure. Samples were dissolveci in acetone D,, fihered through a pipet filled 

with Kimwipes papa (Gnbaly-Clark Corp., RosweU, GA) and collected in NMR tubes for 

analysi S. 

The 'H and I3C NMR spectra were recorded using a Brucker AM-3ûû spectrometer 

(Karlsruhe, Germany) with tetramethylsilane as internai standard. Acetone D, was used as 

solvent for al1 of the NMR analyses. Mass spectra were obtahed on a vacuum Generator, 

mode1 VG 7070E-HF instrument (Manchester, England). 
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RESULTS AND DISCUSSION 

Sinapic Acid 

A. Spectral and cdor changes dunng iutochving (devtlopmtnt of ytllow ippeannce) 

W and visual speceal changes for sinapic acid solutions before and a f k  autoclaving 

are show in Fig.2.2 a-b. The W of the sinapic acid solution chuiged fiom two 

major peaks (maximum around 230 and 320 nm) to t h e  major perk ( h u m  around 210, 

225, and 310). There was an increased absorbance in the region above 380 nm after 

autoclaving (Fig.2.2~). It appears that about 40./. of sinapic acid was converted to new 

substances duxing autoclaving, and that the W speanim still mainly represented sinapic acid. 

The effects of autoclavhg on the vinid trammittance spectrum of a 100 &rnL 

sinapic acid solution were m o n  drarnatic Vig.2.2b). Mer  autoclaving, the solution exhibit ed 

a decreased percentage aansnttencc (imcfeased absorbance), espeQdy in the range fkom 380 

to 480 m. This would be consistent with the yeilow appearance of the solution, since the 

maximum absorbame occumd in the blue wavelength region. A more precise determination 

of color was done by caidating the CIE 193 1 tristimulus values, X, Y, and Z and converting 

to the Hunter L a b values. 

The &ect of autoclaving time on the Hunter L a b values of a 100 &rnL sinapic acid 

solution is show in Fig.2.3. Autoclavhg treatment decreased whiteness (L value), while 

sigrilficantly increasing yellow @ value) and slightly increasing green color. As a result, the 

appearance of the solution tumed from colorless to yellow after autoclaving. Increasing the 
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Fig. 2.2a-b. Effea of autoclaving (1 2 1 OC, 0.1 MPq 1 5 min) on the UV spectrum (diluted 
10 Urnes, a) and visual trammittance spectrum @) of a 100 &nL sinapic acid 
solution. 
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Fig. 2.3. Effect of autoclaving on the Hunter L a b values of a 100 &m.  sinapic acid 
solution. 
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heat treatment tirne fiom 15 to 30 min resulted in an increase in the intcrwity of yellow. 

However, whitcncss and green samecl aot to k rffccttd by autocîaving tirne. In addition, 

fbrther Uicreases in time afka 30 min reaaed to hvc  no Pgnincant effects on the ydow 

intensity, b value. 

Befon the PitoJlved solution wu anaiyzed by HPLC, it wu filtacd through a 0.45 

Pm fiiter. A brown d i d  wm nuincd on the au. This suggeMd tht romc of the colorrd 

substances, f o d  during autodavins, wae wita insoluble. Thedore, tbis m o n  was 

usedas ~techniqueto~~~(attthCbmMl~~lidbmtbyeOOw üquid, as inâicatcd inFig.2.1. 

B. Andysu of the bmri rotid phase 

HPLC aiilyrir HPLC chromatograms of standard sinapic acid d the colorcd 

substances in the brown rdid phase arc show11 in F~2 .k -b .  lbae substances wae diasolved 

in metharo1 for the HPLC amlysis. Fi 2.4. shows the HPLC chrornatogram of the standard 

sinapic acid and Fig.Z.4b thit of the brown solid. A numba of p& wae prment in the 

HPLC chrornaîogmn(Fig.2.4b), suggesting the prescnce of several new compounds. 

Determination of the structures of these compounds rcquired firrthcr cxperimcntation 

Thin I i y a  Chroiiutogmphy. B a d  on the HPLC results indicating that tbae wue 

severai compounQ present in the solid phase .fta filtration (Fig.2.4.-b), thin L y a  

chrornatography wu uscd to separate thrtc strong bands, which wae yellow, orange .ad 

purpie vig.2.5). nicse thrœ bands had retention ticton (Rf) of O.9SM.Ol,O.9lI0.Ol7 rad 

0.7m.02, respectMy, with the y&w band bcing the major M o n .  In addition, it w u  
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Fig. 2.4a-b. HPLC chromatograms of the solid phase. Samples were applied to HPLC 
column as methanol solutions. (a) control sinapic acid, (b) brown solid separated 
by f d t e ~ g  through a 0.45 pm £ilter. 1. Sinapic acid, other peaks were unidentifieci. 
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noted that the ydow ad o w e  compounds wae W üght sensitive and tumed purple when 

exposed to W light for a fnu minutes. There were aiso some otha M y  wlored bands 

found using TLC anaiysis. The compounds found in the TU: anaiysis do not n d y  

correspond to the compounds dctected by HPLC. 

Fig.2.5. Thin layer chromatography of the solid p h w  

with lW/. ethyl acetate as eluant. 

NMR rmrlysis. The results of NMR anaiysk of the yeilow, orange, and purplc bands 

gave pooriy resolved ~pecira with m ~ n y  peaks. The ody conclusion that could be drawn was 

that the ydow substance scaned to be a &mer of hapic acid. There appeared to be two sets 

of signals for the protons on the ammatic M g  and two sets of signals for the methoxyl groups 

for the yeliow substance in comparison with only one set of each of these signals for the 

sinapic acid. It was also possible that the yellow substance may be composed of two major 

products as evidenced by signais in both the aromatic and methoxyl region. 
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C. Analysis of the ycllow liquid phase 

HPLC rndysh of the üquid phase The results of the HPLC analysis for the control 

sinapic acid and the liquid phase of the autoclaved samples a f k  filtration are shown in 

Fig. 2.6a-c. ImrnediateIy following autoclaving, a srnall peak conesponding to thomasidioic 

acid and an unknown peak were found in the liquid phose wg.2.6b). Sinapic acid, however, 

remaird as the pfidominate mmponnt Pffa aut&g @&2.6b). HPLC results indiated 

that about 4oo/. of the sinapic acid was lost during autoclaving. Therefore, only prrt of the 

sinapic acid was converteci to new substances during autoclaving, and t h e r  new substances 

may be prewtt only in d amounts sinœ almost no peak otha than sinapic acid stood out. 

M e r  20 days at 22 O C ,  with daily loosening the cap of the small bottle for air, the p d  of 

thomasidioic acid was more pronounced whereas the unknown peak seemed to dissppear. 

The peak height of the sinapic acid dm d d  vig. 2.6~). It was noted that the pH of the 

solution increased firom pH 4.3 to pH 5.3 during this period of storage. The increase in 

thomasidioic acid content may be due to the conversion of sinapic acid to thomasidioic acid 

at higher pH values, although the final pH value was still in the acid region. Rubino et al. 

(1995) reponed the formation of thornasidioic acid when sinapic acid was exposed to aerated 

neutral or alkaline conditions. In detailed studies on the conversion of sinapic acid to 

thornasidioic a d ,  it uns shown that oxygen was necessary for the conversion (Rubino et al., 

1 995; Lee, 1997). During the storage test, air was introduced occasionally. The formation of 

thornasidioic acid was confirmed by NMR spectroscopy. Some thornasidioic acid was fonned 

during the autoclave treatment, although the mechanism of this conversion is unknown. 
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Fig. 2.6a-c. HPLC chromatograms of the yeUow liquid ph=. Sarnples were applied to the 
HPLC column as an aqueous solution. (a) control sinapic acid (sample pH 4.3) and 
(b) liquid phase separated by filtering through a 0.45 prn fiiter (sample pH 4.3), (c) 
sample of @) fier standing at 22 OC for 20 days (sarnple pH 5.3). 1.  Sinapic acid, 
2.thomasidioic acid, other peaks were unidentified. 
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When the sinapic daivatives in the üquid phare wat recovercd and chromatographed 

on silica gel, a new substance. syringaidehyde, was idcatificd by 'H and UC by mur 

spectral analysis and by HPLC andysis of one of the major fractions. 

NMR and misr spectn. The identification of syringddehyde in the liquid phase was 

made by NMR and mass spectroscopie investigation of the major fiaction rccoved  from 

silica gel chromatography. NMR spectral data for standard sinapic acid NMR and m a s  

spectrai data for standard syringaldehyde, and the spectral data for the unbiown wmpound 

present in the üquid are shown in Table 2.1. The NMR spectrum and m a s  spectral data of 

the unknown were identical to those of the standard syringaidehyde. This indicated that 

syringaldehyde had formed d u ~ g  autoclaving. 

The identification of syringaldehyde was not readiiy apparent, since the unknown 

sarnple was a mixture of syringaldehyde and several other substances. In fact, the results of 

'H NMR spectium of the whole &due showed the sample to be the muNe of three major 

substances, sinapic acid, syringaldehyde and thomasidioic acid. Afîer the residue was 

recrystallized from W2C4 and chromatographed through the 9üca gel. the major fraction aiIl 

contained two substances, sinapic acid and syringaldehyde (NMR). This memt that the 

separation of syringaldehyde fiom sinapic acid was not wmplete, although the separation 

involved several steps. This may bey in part, due to the similarit. of the polar nature for both 

substances. Because of the incomplete separation, the presence of syringaldehyde was not 

easily confirmed by 'H NMR spectroscopy alone. 
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Table 2.1. Nuclear magnetic r u o i w c e  and m u s  spectra of standards and compounds 

produced during autoclaving 

n e 

Sinapic acid lH NMR (Acetone Da 

*C NMR (Acetone DJ 

Syringaidehyde 'H NMR (Acetone Da 

13C NMR (Acetone DJ 

Mass spectmm d e  
(relative int ensity) 

Compound identified 'H NMR (Acetone DJ 

*C NMR (Acetone DJ 

Mrps spectrum mie 
(relative intensity) 

7.58 (d, lH, J=15.9Hz), 7.01 (s, 2H), 
6.39 (d, lH, J=15.8Hz), 3.91 (s, 6H, 
OC&) 
167.98 (CO), 148.39 (2C), l46.W (C), 
139.20 (C), 126.01 (CII),116.08 (CH), 
106.63 (ZCH), 56.52 (2CH3) 

9.79 (s, lH), 7.2 1 (s, 2H), 
3 -90 6,- WH,) 
lgl.l2(CO), 148.94 (2C), 142.93 (C), 
128.96 (C), 107.73 (2CH), 
56.63 (ZCH,) 
182 (100). 167 (20), 153 (8), 139 (13). 
11 1 (16). 96 (1 1). 79 (12), 65 (15) 

9.81 (s, lH), 7.23 (s, 2H), 
3 -92 (s, 6H, OC&) 
190.93 (CO), 148.84 (2C), 142.82 (C), 
128.87 (C), 107.63 (2CH), 
56.73 (2CH3) 
182 (lm), 167 (20), 153 (7), 139 (13), 
1 1 1 (20), 96 (9), 79 (1 S), 65 (1 8) 

However, 13C NMR spectroscopy provided the typical nine-carbon spectmm. In 

addition, the 'H NMR spedrum arhiiiited a typid low field aldehyde proton signal. With this 

information at hand, NMR spectra were examined more closely. Two groups of peaks, 

representing sinapic acid and syringaldehyde with a mole ratio of around 1 :O. 27, were found 

in both 'H and U~ NMR spectra for the major fiaction fkom silica gel chromatognphy. Three 
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groups of peak, teprrsaiting sinapic acid, syringaldehyde uid thonuoidioic acid with a mole 

ratio of around 1:O. l:O.O3, wat f d  in 'H NMR spectnim of the ethyl -te cxtnct from 

the liquid p l u s .  The major fraction from silica gel chromatography w u  dro analyzed using 

mass spectroscopy. The major mass peaks comsponded to syringaidehyde aione since 

syringaldehyde has a lower boüing point than does sinapic acid. Oniy syiingaldchyde was 

evaporated and recotded in the spectrum unda the test condition. The spectrum of the 

unknown was almost pafbctly matched with that of the standard. The unknown was, 

therefore, identifïed to be syringaldehyde. 

HPLC anaiysis of the major fnction from silicri gel chromatognphy. Based on 

NMR and mass spectral results, HPLC d y s i s  was wnducted to confirm the presence of 

syringddehyde in the Iiquid phase. To ensure that the formation of syringaldehyde was not 

due to other treatrnents foiiowing the autoclaving, a blruik control sinapic acid was also 

analyzed. Fig.2.7s-d shows the results of HPLC analysis for a recrysulluPd control sinapic 

acid (a), a standard sample of syringaidehyde O, the mixture of the standard sinapic acid and 

the standard syringaidehyde (c), and the unknown sample fkom the colurnn chromatographie 

step (d). Two peaks were fwnd in the h o w n  sample, which were identifiecl as sinapic acid 

and syringaldehyde. The identification was done by comparing the chromatogram of the 

unknown sample (Fig.2.7d) with that of the mixture of the standard sinapic acid and the 

standard syringaldehyde (Fig.2.7~). A sinapic acid standard (not shown, result similar to 

Fig.2.7a) and a syringaidehyde standard (Fig.2.7b) were also examined separately to ensure 

that no interaction of the two substances was intdinng with the elution times. To pprve that 



Fig. 2.7a-d. HPLC chromatogmns of the major fiaction fiom silica gel 
chromatography (a) sinapic acid blank, @) sîandard syringaldehyde, (c) 
mixture of standard sinapic acid and syringaldehyde and, (d) unknown 
sample idmtified to be a mixture of sinapic acid and syxingddehyde. 1.  
Sinapic acid, 2. Syringaidehyde. 
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syringaldehyde wao produced during autoclaving but not during the sample preparation 

following the a u t d v i n g ,  the standard sinapic acid wos used as a bluik sarnple and mn 

through the same a<pcrimental procedure but withwt autodaving. To do this the sinapic acid 

was dissolved in water, then recovered by ethyl acetate extraction foiiowed by 

r-on fiom CH2C12. M e r  removing the solvent under vacuum, the substance was 

analyzed by HPLC. The HPU: chromatogram of this b l d  sinapic acid is givai in Fig.2.7r 

The single peak was identifid as sinapic acid. There was no evidmce of syringddehyde in 

the mntrol sarnple. This proved that syringaidehyde was f o d  during autoclaving. Attempts 

were made to improve resolution of the HPLC anaiysis by using two other gradients for the 

mixture of sinapic acid and syringaîdehyde. However, similar results with no improvement in 

resolution were obtained. Further experimentaîions for this purpose were tenninated since 

the presence of syringaldehyde was f h l y  c o b e d  based on NMR and MS analysis. HPLC 

analysis was rnainiy conducted to confirm the results of the NMR and MS anaiysis. 

Thomasidioic acid found in the previous HPLC chromatograms (Fig. 2.6.a-c) was not 

detected in the major m i o n  frorn siliu gel colurnn chromatography. This may indicate a 

good separation between thomasidioic acid and syringaidehyde duMg the silica gel 

chromatography. 

Retention tirne for syringddehyde was very close to that for sinapic acid. In addition, 

the concentration of syringaldehyde in the liquid phase was low. It  was estimated nom HPLC 

data that 40% of the sinapic acid w s  convertecl to other substances during a 30-min 

autoclaving. The stuting matenal w u  a 100 pg /mt  sinapic acid aqueous solution. The 



CHAPTER II. AUTOCLAVING EFFECT 

autoclaved solution would contain about 60 pg/mL sinapic acid, about 6 pg/mL 

syringaldehyde, about 2 pghL thomasidioic acid (HPLC, NMR), and the rest wac the 

undetennird substances. The eariier HPLC d y s i s  of the yellow liquid phase (Fig. 2.6b-c) 

did not show the presence of syringaldehyde. This is due to the aass of sinapic acid prcsent, 

that masks the sipal  tiom Jyringaldehyde due to their simiiar retention tirne. 

Color signirine of syringridehydc In order to cvaiuate the color significance of 

syringaldehyde, the UV and transmîttance speara of syringddehyde were compand with 

those of the sinapic acid (Fig.2.8a-b). The W spectra for both substances are shown in 

Fig.2.8a. Syringaldehyde had a speanirn with two maxima around 220 and 3 10 m. Both 

maxima are at a lower wavelength than those of the sinapic acid. While sinapic acid shows 

almost no absorbance in the wavelength region fiom 375 to 400 nm, syringaidehyde shows 

a slight absorbance in this region. This is consistent with the duii yeilow appearmce of 

syringaldehyde. The transmittmce spectra for syringaldehyde and sinapic acid are shown in 

Fig.2.8b. Syringaidehyde shows a relativeiy lower percentage transmittance than does sinapic 

acid in the whole visuai light region, especidy in the wavelength region fiom 380 to 400 m. 

Thaefore, the formation of syringaldehyde would contribute a yeilowness and a darkness to 

the sinapic acid solution. However, cornparison of the transmittance spectmm of 

syringaldehyde solution (F1g.2.8b) with that of the autoclaved sinapic acid solution (Fig.2.2b). 

leads to the conclusion that syringaldehyde contributes only a very s m d  amount of 

yellowness and darkness to the solution. Other undetermined cornponents, especiaily those 

three colored ~ b s t a n u ? ~  show by the thin layer chromatography, could be the major 
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Fig.2.8a-b. Cornparison of W spectra (dilute 10 times, a) and visual transrnittance spectra 
(b) of a 100 pg/mL syringaldehyde and a 100 pg/rnL sinapic acid aqueous 
solutions. 
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components responsible for color change of sirupic acid during uitoclaving. nie 

concentration of these highly coloreci compounds may be much lowa than that of 

syringaldehyde. 

Sinapine 

A. Spectral inalysis 

The results of W and visual spectral analysis for sinapine solution More and d e r  

autoclaving are shown in Fig.2.9.-b. Spectra of sinapine for the control and autoclaved 

sarnple were perfkctly matched. This would suggest thn no changes offurrd during 

autoclaving. 

B. HPLC arialysis 

Both control and autoclaved sinapine solutions (100 pglmL) were analyzed using 

HPLC for a storage period of 20 days at 22 OC with a daily loosening of the cap of the small 

bottle for air. No diiefetlce~ were found between the two groups of samples (Appendix 2.5). 

This also suggested that no structural changes occumd during autoclaving. 

In conclusion, it has been demonstrated that a yellow coloration developed when a 

1 00 pg/mL sinapic aqueous solution was autoclaved for 1 5 min at 12 1 O C  and 0.1 MPa. A 

n d y  formed yellow substance was identifid to be syringaldehyde by NMR, rnass spectrum 

and HPLC analysis. Thomasidioic acid was also fonned during autoclaving. There were at 

lest three other colored substances estimated to be present by TLC analysis. However, their 



control - Autodaved 
4.2 

200 250 300 350 400 450 
Wavelength (nm) 

- Contml - Autoclaved 

380 480 580 680 780 
Wavelength (nm) 

Fig. 2.9a-b. Effect of autoclavhg on the W spectmm (diluted 10 times, a) and visual 
transmittance spectrum (b) of a 100 pg/mL sinapine aquwus solution. 
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identities have wt ban detammed. The stnictwal and color changes of a 100 rs/mL sinapic 

acid aqueous solution during autodaving are summuizsd in Fig.2.10. Sinapine, unda the 

same conditions, showed no evidcncer of any structural or color changes. 
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Fig. 2.10. Structural and color changes of sinapic acid during autoclaving. 
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CHAPTER III. ALKALI EFFECT FOR SINAPIC ACID 

Structurai changes of oinspic aâd were induced by air oxidation in aqueous solutions 

at pH 7 - 10 and foiiowed by speztmi and high paformance liquid chromatographie (HPLC) 

analysis. Color propcrties of the sinapic acid s01utiom w a e  determincd by taking the 

transrnittance Jpeara. calcuiating the Commission Intetnationale de 1' Eclairage (CIE) 193 1 

tristimulus values and converting to Hunter L a b values. Reaction rote constants for sinapic 

acid were detamined by a kjnetic study based on the quantitative resuhs fkom HPLC analysis. 

These reactions were first order with respect to sinapic acid and fit the appropriate equation 

with a d c i e n t  of R30.97. Sinapic acid was convertcd to thomasidioic acid with rcaction 

rate constants (k) of 8.54xl0~, 2.5 1x10' and 4.87~1 Os S-' in phosphate-boric acid buffen of 

pH 7,8.5 and 10, respbaively. S i a r  d o n s  in ammonium bicarbonate buffers were more 

than ten times faster. W~th tirne, thomasidioic acid nirther convmed to 2,6-dirnethoxy-p 

bensoquinone and 6-hydroxy-5,7-dimethoxy-2-naphthoic acid. Air oxidation of sinapic acid 

aqueous solutions caused darkening of the color for the system, with the 2,6-dimethoxy-p 

benzoquinone being one major color contributor. 

KEY WORDS : Canola pheno tics, chromatognphic analy sis, color, 2.6-dimdhoxy-p 

bemquinone, 6-hydroxy-5,7-dimetho>cy-2-naphthoic acid, reaction rate constant, sinapic 

acid, thomasidioic acid 
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INTRODUCTION 

With an annuaf giobd production of more than 27 million metric tons (Wcin et al., 

1996), canola/rapesecd represents one of the most important oilseeds in the world (Shahidi, 

1990). niere is an intaest in preparing a food grade protein fiom canola med (Ismond and 

Weish, 1992; Giiiberg and Tornell, 1976% Owen a al.. 197 1). especially whrn it was found 

that canola meal was wel balanceci in its amino acid composition (Liu a ai., 1982; Ohlson 

and Anjou, 1976). However, the utilization of canoldrapeseed protein in human foods has 

been limited by the ptesence of antinutritionai factors such as glucosholates, phytates and 

phenoiics (Shahidi a d  N e  1995). Arnong them, phenoiics have been the abject of many 

studies due to their contributions to the dark color, bitter taste and the astringency of 

rapeseed/canola meal (Shahidi and Nat* 1992) as weU as theû detrimental effect on the 

gelation property of canola protein (Rubino et al., 1996b). Canola phenolics are present in 

fiee, estenfied, and bound forms (Krygier et ai, 1982a). Canola flour contains nom 91 to 

93.5% of their phenolic acid in the esterifid f o m  (Shahidi and Naczk, 1992). Sinapine, the 

choline ester of sinapic acid, is the major esterified phenolic acid (Blair and Reichert, 1 984; 

Fenton et al, 1980; Austin and WolfS 1968). whereas sinapic acid represents a high 

proportion of the fne phenolic acid and 9% of the phenoiic acids relead nom hydrolysis 

of the esters in the flour (Krygier et al., 1982b). 

The dark color of the canola meal is one of the major problems that Limits the 
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utilization of unoh protein (Youngs, 1991). A duL colored mal is produccd afkr oïl 

adradion (Y- 1991). During protein isolation, conditions of high pH produce a duhr 

protein isolate than do conditions of low pH WVIVZ a al., 1977). Aithough the 

obsenmîions of a dadc meal or protein imiate have beai fbqumily reportcd (Youngs, 1991; 

Keshavarz et al., 1977) anci more or lar rscocistsd with phenolics (Shahidi and N& 1995; 

1992). detailed idormaton uaddybg the reactions mqonsible for the developrnent of 

colored substances is not available. Such MolIlllltion, however, should indicate the 

mechanisms by which the colored substances devdop and, thcrefore, is imporunt to the 

oilseed processors. 

Although no rdationship has eva kcn made betweai the structurai changes of the 

phenoliu and wlor propaties of c a n o l a / ~  p r o t a  the rtnicaual chaages of sinapic 

acid in air sahaated basic oonciitio~~~ hve ka obraved by several researchers (Chutton and 

Lee, 1997; Rubino et al., 1995; 1 9 % ~  Bouchereau a pl., 1992). Rubino et ai. (1995) 

reported the formation of thoxnasidioic .Qd undsr these conditions showing that the 

conversion was oxygea dependent (Rub'i et ai-, 1996a). Chariton and Lec (1997) reportcd 

the formation of 2,6-dimethoxy-pbenZoquinone and 6-hydroxy-5,7dimethoxy-2-nrphthoic 

acid from sinapic acid via thomasidioic acid u pH 13 in the prcsence of oxygen. Wlth XPLC 

analysis, Bouchereau et al. (1992) d d  new c a n p d s  derivd fkom rapeseed phmolics 

in the methanol extract of rapeseed flour, aithough the wmpounds were not identifieci. In a 

study looking at the eeFéct of prooeuing conditions on phenolic content, treatments, 

espeaally heating have been shown to decrease the -ne content and increase the ügnan 
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arnount (Jensen, 1990). Although the oxidation of sinapic acid under rllaliae conditions is 

known to lead to thomasidioic a d ,  2,6-dimcthoxy-pbarzoquinone and 6-hydroxy-5,7- 

dimethoxy-2-naphthoic acid, the color propcrtics of these oxidrtion products bave not ban 

determined. Reaction rate constmu t9t these comrersions under difltérent pH conditions have 

aiso not been deramllud, which shouid provide uscful toforrnation when considering protein 

isolation under alkalb conditions. 

As part of a series of investigations looking at the contrikitions of phenolics to the 

color property of canola protein, structural changes of Pnrpic acid were induad by air 

oxidation at pH 7-10 and followed by spcctmi ad HPLC analysis for a pcriod of 10 &y. 

Reaction rate constants were determineci at pHs of 7, 8.5 and 10. Color properties of 

solutions were also determined in ordex to cvaiuatc the color contributions of the new 

substances to the system. 
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MATERIALS AND METHODS 

A. Sources o f  Mattrirls 

Sinapic acid (3,5-dhethoxy4-hydroxycinnamic acid) was purchased fkom Aldrich 

Chernical Co. (Mhmkee, WI). Acetic acid and sodium hydroxide used for HPLC were 

verified ACS-grade and pvchPced f?om Fisher Scientific Co. wepean, ON, Canada). Other 

chernicals used for HPLC were HPLC-grade. Al1 other chernicals, unless stated otherwise, 

were verified ACS-grade and purchased fiom Fisher Scientific Co. 

Thomasidioic acid was prepared according to the procedure outlined by La (1997) 

and Rubino et al. (1995). which involved the oxidation of sinapic acid in an ammonium 

bicarbonate b& (pH 8.5). The aude p d u d  was recrystalized from acetone several times 

to yield thomasidioic acid as a colorless solid (Ahmed et al., 1973). This purified 

thomasidioic acid was used as a standard for identifjing thomasidioic acid formed from 

sinapic acid. 2,6-Dirnethoxy-pbenoquinone was prepared according to the method outlined 

by Lee (1997). Chrornium trioxide (634 mg, 6.34 mrnol) was dissolved in water (1 mL) and 

acetic acid (18 mL). 2,6-Dimethoxyphenol(206 mg, 1.34 mmol) was added and the solution 

stirred at roam temperature for 90 minutes. Water (30 rnL) was added and then the solution 

extracted with CH2CI, (3x10 mL). The organic layers (iower Iaym) w m  wmbined and 

washed with sodium bailfite solution (SN, 2x20 mL) and water (2x20 mL). The solution was 

dried with MgSO, and evaponued under vacuum to yield a bright yellow solid. The solid w u  



CHAPTER III. ALKALI EFFECT FOR SINAPIC ACID 

fltered through silica gel with ethyl acetate to give the 2,6-dimethoxy-pbenzoquinone as a 

yeliow solid. 6-Hydroxy-5,7dimethoxy-2-naphthoic acid wu aiso preparcd using the method 

of Lee (1997) by air oxidation of sinapic acid in strongly basic solution (pH 13). 2,6- 

Dhethoxy-p-benzoquinone was reported as a yeUow wmpound, M e  6-hydroxy-S,7- 

dhethoxy-2-naphthoic acid was reported as pale tan needles from MeOH-H20 (Hostettler 

and Seiicei, 1969). 

B. Sample Preparrtion 

Phosphate-boric acid bufFers were prepared accordhg to  Bntton and Robinson 

(193 1). The stock bu&r solution was composed of an quai  mixture of dihydro monosodium 

phosphate, monohydm disodium phosphate and bric acid, each 0.04 M. Thra buffen of pH 

7, 8.5 and 10 were prepared fiom the stock solution by adding 0.2 N sodium hydroxide 

solution. Ammonium bicarbonate buffers (0.12 M) were prepared according to Lee (1 997) 

and adjusted to pH 8.5 and 10 using ammonium hydroxide. Experiments in this buffer system 

were conducted to complement the phospbbor ic  acid system. Results in phosphate-boric 

acid bueers constituted the main body of work in this paper. 

A sinapic acid solution (200 WmL) was prepared with deionized water. Three 

sarnples of 4 mL each in phosphate-boric acid buffer of pH 7, 8.5 and 10 (two sarnples at pH 

8.5 and 10 in ammonium bicarbonate buffers), respectively, were prepared by combining 2 

mL of the sinapic acid solution with 2 mL of & M e r  solution of dinaent pHs so that 100 

C(81mL (0.446 m l )  sinrpic acid solutions with ciiffient pHs weie obtained. These solutions 
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were stirred in air at room tanparturr (22 OC). Wgen ïs aaded for the conversion of 

sinapic acid to thomasidioic .Pd (Ruhm a ai., 1996) ud the coavaPon of thoddioic acid 

to 2,6-dimcthoxy-pkiaoqullioac and bhy&oxy-5,7&ahoxy-2-naphhic iBd (CMton 

and L&, 1997). W p a  vapor ioss was damniacd to be 1% per day unda the test condition. 

This 10s was ignorsd durhg thc WC W. The pH of thcac solutions wae checked 

before each adysh was mdc ûniy the pH d u e  of the pbospbe-boric a d  solution at pH 

10 had a slight deviation ( d e c r d )  and wu reaâjusted by ddii sodium hydroxide. 

Spectral and HPLC d y s i s  were d e d  out for a @od of 10 days. For HPLC, a sample 

size of 1 pL w u  used for the kinaic study whereu 25 pL w u  i n j d  during the 

identification of the pknsopuinone ad the 2-naphthoic acid using a 25 (iL sampk bop. 

'I lme samples of pH 7.8.5 and 10 for uhraviok spec&al adysis wae prcpwd by a 20-fold 

dilution of the sinapic acid solution (200 p@L) with phosphatbboric acid Mar of 

diflerent pHs and stirred in air at rwm temperature (22 O C ) .  For the rpectrrl and HPLC 

analyses of the standard thomasidioic .ci& 2,6dimetboxy-pbeazosuinone and bhydroxy- 

5,7-dimeuK,xy-2-naphsho'i uid, t h e  compoundr wac  dilplrnbed d i r d y  in the spprop* 

buffers just before the memurement. 

C. HPLC Andyris 

Chromatographie equipmcnt consisted of two Waters (Mifiord, MA) pumps ( d e l  

Sol and 5 10) and un automatcd gradient contrdla modd 680, a Shhaâzu (Kyoto, Jlpan) 

SPD-6A ultraviolet (UV) ipcctrophotometric dctctor, and a Hewlm-Packard (Avondole, 
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PA) mode1 HP3396II integrator. A revcrsaphue Cl8 column (Supelcosyl, 3 - p  parti& 

size, 33~4.6  mm id.; Supdco, Beltefonte, PA) wu wsd Component A was a 0.05 M acetate 

buffer prepared by a 1 : 100 dilution of a stock pH 4.7 acetate buffa. The stock kina wrr 

prepared by adjusting 5 M rcaic acid to pH 4.7 with soüd sodium hydroxide (Hagerman and 

Nicholson, 1982). Component A was fltered through a 0.45 pm filter. Component B was 

lûû?? HPLC-grade mghnd. The coiumn wu rmntamtd 
. . at37OCandmataconstruaflow 

rate of 1.4 &min. 

The iaaial dution soivent was 15% methanol and 85% componcnt A After a 12-min 

isoaatic flow, a 2-min iinear gradient was used to change the solvent composition to lW! 

methanol. This composition was maintaineci for 2 min, der which motha 2-min lincar 

gradient retumed the solvent to its originil composition. 

D. Kinctic Study 

Reaction rate constants (Ir) were obtained by a kinetic study b w d  on the time 

dependent change in concentration of sinapic acid as detennined fiom the peak areas of the 

HPLC chromatograrns. 

For each readion at pH 7, 8.5 and 10, the concentration of wiapic acid was 

deteminecl about ten times by HPLC during the course of the reaction (O to 35 hours). The 

HPLC responsc @erk mu) to sinapic acid was calibratecl using standarditrA solutions of 

sinapic acid (2.5 to 200 pg/mL). &ch of the three groups of rcactant time dependent 

concentrations at différent pHs was fit to a first order reaction equation: 
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and a second ordet equation: 

where c, and c wae the initial concentration (moVL) and the concentration at time t, 

t is the reaction t h e  (s), and k is the reaction rate constant, (s-') in the first order equation, 

and (Lrnol-'s-') in the second order equation. 

Ifthe reaction is of ht order, the plot of in(l/c) versus t should gRre a straight line. 

Similarly, ifthe d o n  is of second order, the plot of llc vasus t should give a straight iine. 

A linear regression was conduaed for each group of sinapic acid concentrations. Rz 

(R=wnelation d c i e n t )  was used to judge the iinear relationship between the independent 

value t and the dependent values In(l/c) or llc and, therdore, to detennine which equation 

best fit the data (Barrow, 1979). The equation best able to fit the data was used to calculate 

the reaction rate constant (k) and the theoretical concentrations of reactant for the kinetic 

E. Spectral anrlysis and color determination 

Spearal adysis and d o t  detemination foiiowed the same procedure as in previous 

reports (Chapter II, Cai et al., 1999a). 
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RESULTS AND DISCUSSION 

A. Structural Cbingu 

1. HPLC Anaiysis 

The HPLC chromatograms shown in Fig.3.1 a-c indicate that virtually ail the sinapic 

acid was converted to thomasidioic acid during the aWi induced air oxidation at pH 7,S.S 

or 10 (detector wavelength 330 am). With the reaaion at pH 7 (Fig.3. la), there was 50% 

conversion to thomasidioic acid after 24 hours. The conversion was not complete until after 

about 169 hours. W& the d o n  at pH 8.5 (FQ.3. lb), thomasidioic acid was detected after 

two hours and there was 91% conversion to thomasidioic acid &er 24 hours. With the 

reaction at pH 10 (Fig.3. lc), there was about 36% and 90% conversion to thomasidioic acid 

d e r  two and ten hours, respectively. The conversion was nearly complete within 24 hours 

(Fig. 3. l c). It was noted that during the period fkom 24 hours to 169 hours, the peak of the 

thomasidioic acid became d e r  wtiile a new peak identifiai as bhydroxy-S,74imethoxy-2- 

naphthoic acid appeared. Structurai changes of sinapic acid were similar for aU three pH 

conditions but the conversions were slower at Iowa p H  These HPLC chromatograms as weil 

as additional data points also provided kinetic data for the conversion of sinapic acid to 

thomasidioic acid at different pHs. 

The air oxidative conversion of Pnapic acid to 2,6-dimethoxy-pbemquinone and 6- 

hydroxy-S,7-dimethoxy-2-naphthoic acid M. thomasidioic acid a! high pH has been previously 
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Fig.3. l a s .  HPLC chromatograms of the sinipic acid r d o n  products 6 t h  r d o m  
conducted in phosphteboric .Cid bu&r of (a) pH7, (b) pH 8.5 ud (c) pH 10.2. 
Thomasidioic rcid, 3. sinapic a d ,  4. ~hydroxy-5,7dimethoxy-2-naphthoic acid. 
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reported (Chmon ud L&, 1997). In the pramt rtudy, these two oxidrtion p d u m  wae 

determincd to be p-t in samplu at di thra pHs (7.8.5 .ad 10) .Aer 169 bourr. The 

~ e d H P U : ~ o f t h e t h r e e a i r i r ~ p l u ~ e r  l69hainue h w n  

in Fg.3.2. P u h  1 and 4 wac identifid u 2,6dimnboxyÿ-knsoSuiaone rad dhydroxy- 

5,7dimethoxy-2-niphthac rQ9 respeaively. P d  4 was more pronouncd a pH 10 than 

pH 8.5 and pH 7, whacas peJE 1 w u  simürr at ail thrcc pH dues.  This may suaest that 

2,-xy- wrr uaMbk d did na accumhc during the reaction. The 

f k t  that the 6hydmxy-5,7~-2dlPbfhOjC rid piL k r c a d  whüe the thomrédioic 

acid pedc darerrd Fig.3. le) wu coir9stcnt with the known oxidation of thotnaaidioic rcid 

to 6-hydroxy-5,7-dimethoxy-2-naphthoic acîd (Chrlton .ad Lee, 1997). 

Sbdar mctiaiS wac hud  in ammonium bicarbonate Mers at pH 8.5 d pH 10, 

but the reaction rata wcre more than tcn thes fhster. 

HPLC analysa of a sample of sinapic a d ,  air oxidkd at pH 8.5 for 240 houn, wing 

deteztor wavele@hs of 330 and 400 nm arc givcn in Fig.3.3.-b. Analysis at 400 nrn is more 

sedive to colorai compaudc uch as 2,6-dimethoxy-pksizoquinone. Note thaî the pH of 

the HPLC soivent is 4.7 and tbit the viaai  and W rpcctd propcrtier of the products at this 

pH will k d i f f a  than at hi* pH. At higher pH (7-10). ionintion of the products at the 

pheriolic hydroxyis nuy producc anions wiih absorption in the visible region of the spectnim. 

Results for samples or<idizsd at pH 7, and pH 10 .id d y z e d  at pH 4.7 wae similar. P& 

1 ad 4 wae idaitifid to k 2,6.dimahOxy-m ad -xy- J,7-dhetho~y-2- 

naphthoic acid by comparing the chromatog~u of the sampler with thor of the standards. 
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Fig. 3.2. Expendcd HPLC chromatograrns ofthe rinrpic .Qd r d o n  products aftcr 169 
hours. 1. 2,6-6imethoxy-p-benzoquinonc, 2. Thomasidioic a d ,  3. sinapic acid, 4. 
6-hydroxy-5,7-dhcthoxy-2-naphthoic acid. Orha peaks wue unidentifid. 
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Fig.3.3a-b. HPLC chromatognms of a mixture of a u d u d  2,6&nethoxy-pbenzOquinone 
and 6-hydroxy-S,7-d*tmtfhOxy-2-nrphthoic plus the sinapic acid r d o n  products 
in phosphate-bric acid bufk  of pH 8.5 &a 240 hwn at (a) 330 nm and (b) 400 
nm. 1.2,6-dirnethoxy-pbenzoquinone, 2. Thoruasidioic .4d, 3. finapic ici4 4. 6- 
hydroxy-S,7-dimethoxy-2-naphthoic acid. Otba pulu wae unidentified. 
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This identification wu aiso confimKd by spiking the sample whh the standard pbentct 

quinone and the 2-nrphthoic acid. Ihe bigh rbwrbrnce a! 400 nm for thepkarociuinone 

indicated it to be 8 stroay cdored subarn~e. On the otba hmd, tbe 2-nrphthoic acid hd 

a very iow absorbancc at 400 MI, mdicaîing it to be 8 substance of limited coior. 

The amounts o f 2 , é d i m e t h o x y ~ o n e  and the &hy&oxy-S,7-dimethoxy-2- 

naphtho'iacidwaeaiimitrdtobeO.OI2ud 0.121 mmal/L., amde ratio of M.9, &Ur 

oxidation for 240 houn it pH 8.5. T b  ratio ir l a r  tha the thcoretid d e  d o  of 1:1, 

which would nailt Zeqwl mda of the two oompouadr wac produccd as the only radon 

products from thoddioic acid. 

2. UV spectnam 

The W spcctra of 10 pg/mL sinapic acid solutions a f k  air oxidation for O and 24 

hours are shown in Fig-3.4a-b. The UV spcctm of 10 pg/mL standard thomasidioic acid 

solutions of di&rrnt pHk ut givm in Fig.3.4~. At IWO thne, increasing pH uuPed a mong 

bathochromic SM, the rliift of the rmrimmi lsorbancc toward hi* wavela@s, relative 

to the spsctnun mm&d at pH 7 (Hadricksm et al., 1970). nit &kct of llLJin conditions 

on the lsorption proparies of phamlic compounds has beai reported by s e v d  rrseuchers 

(Ribereau-Gayon, 1972; Harbornc, 1964). Large brthochromic sbiftr wae noted in most 

cases unda basic conditions (Hahome, 1964). The pKi nlua of the carbxyiic group rad 

hydroxy group of sinapic acid are 4.47 and 9.21, rcspectively (Smyk and Drabent, 1989). 

Therefore. at p H  7 only the cuboxyiic group is ionized (anion L). At pH 10, b t h  the 
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200 250 300 350 400 450 
Wavelength (nm) 

Fig.3.4a-c. W spectn of a 10 pg/rnL phosphate-boric acid b a e r  solution of pH 7, 8.5 
and 10. (a) sinapic acid after O hou, @) sinapic acid after 24 hours and (c) 
standard thomaridioic acid. Control was sinapic acid in deionized water with a 
naturai pH of 4.3. 
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carboxylic and the hydroxy groups arc ionized (anion II) (Fig.3.11). The stmngest 

bathochromic s i d b  ocair on ionization of the phenolic hydroxyl. After 24 houn (Fig.3.4b). 

results of the UV spenrwn showed that the absorbances of sinapic acid of àiierent anionic 

forms (anion I 305 nm a d  anion II 355 nm) had decreased as expected. The W absorbance 

of the solutions at pH 8.5 and 10 in fict were similar to the spectn ofthe oxidized product, 

thomvidioic acid (Fg.3.4bc). Unlike thc Siaiations at pH 8.5 and 10, the spectrum obtained 

afier air oxidation at pH 7 for 24 houn did not resemble that of the standard thomasidioic 

acid, since ody 50% sinapic acid was converteci to thomasidioic acid. 

B. Kinetic Study of tbe disrppcrinnce of sinrpic icid 

It was f d  that the reaction rate data fit a fint order equation better than a second 

order equation. The arreiation coefficients (m for the e s t  order equations were 0.98,0.99 

and 0.99, respectively, for the reactions in phosphate-boric acid buffers of pH 7, 8.5 and 1 O, 

whereas R2 for the second order equations were 0.65.0.93 and 0.85, respectively. The fint 

order equations were, therefore, used to calculate the reaction rate constant (k) values a d  

the theoretical concentrations of sinapic acid during the reactions. 

The readon equations, reacîion constants (k), halfiives (tdand coefficients (Rp for 

both the phosphate-boric acid buffer and the ammonium bicarbonate buffer are surnmarized 

in Table 3.1. In phosphate-boric acid buffers, the reaction rate constants are 8 .54~10~ .  

2.5 1x10'' and 4.87x10s & for d o n s  at pH 7, 8.5 and 10, respectively. The reaction at pH 

10 was about twice as f u t  as the reaction at pH 8.5 and hout  five times as fast as the 
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readon at pH 7. These dineftllces can dso be seen from the hrVlivcs ( t d  of the reactions, 

which were 22.50, 7.66 and 3 -95 houn for pH 7, 8.5 and 10, respectively. The reactions in 

ammonium bicarbonate buffers were more than ten times fastet with reaction rate constants 

(k) of 4.30x104 and 6.1 8x104 s-' at pH 8.5 and 10, respedvely. 

Table 3.1. Fust order reaction equations, reaction rate constants (k), haif lives (t&) 

and correlation coefficients R' for the reactions of sinapic acid aquwus solutions at pH 7, 8.5 

and 10. 

PH Equation k (s-l) t~ fi). R2 

Phosphate-boric acid buffer 

~ U ~ O N U ~  bicarbonate b a e r  

pH 8.5 in(cjc) = 0.088 + 4 . 3 0 ~ 1 0 ~  t 4 .30~10~  0.45 0.99 

pH 10 ln(c~c)=-0.177+6.18x104 t 6. 18x104 0.3 1 0.97 

a The half life ( t la  for the reactions was found as: 

t ,  = 0.6931k 

Where t,, is the half life, k the reaction rate constant. 

Linear and logarithmic plots of sinapic acid concentration and the corresponding plots 

generated fiom the best fit rate constants are given in Fig.3. Sa-b. In general, the theoretical 

97 
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Fig.3.5. Reaction rate c w e s  of sinapic acid (0.446 mrnoVL) in phosphate-boric acid 
buffers of pH 7, 8.5 and 10. (a) normal scaie of concentration and @) naatral 
logarithrn sa le  of concentration. Actual measurements are reported by markers, 
lines represait calculatecl values. 
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d u e s  coincided weii with the dctambd vaiuu (Tg.3.58). The plots of the nmYiI 

logarithms of sinapic rid m o n  as a M o n  of time gave straight üner for the thiee 

reactions (Fig.3.5b), indicrting îhat tbe reactions were nnt order. M o n  order in 

ammonium bicarbonate Mers wae  the same as thor in pborphatt-bric acid buffar. 

C. Color cbangu in dation to structurai chrngu 

1. Color intensity, huatu L a b vdaa  

Thc &&s of tb on the W L a b d u e s  of the d o n  mixtures (phorphta 

bonc acid bu&n) at pH 7,8.5 md 10 arc h w n  in Fii.3.6.c. The color of the r d o n  

mixture at pH 7 wm initidy aimost unchmgcd in cornparison with the control (sinapic acid 

in deionid wrta with a nmnl pH of 4.3). However, tbU cobr Uitensity rtadily iacrrrwd 

witht imeusea iby~decreuc in thtLvr luedui inaa ie in tbc~tudeofbothaud  

b values (Fig.3 -6.). For r d o n s  at pH 8.5 and 10 (Fis 3 Ab-c), yeilow intensity (b) wrr 

higher than that of the control at the bqghhg of the reaction. This wlor increased durhg 

the initiai stage of the d o n  by 18 h a d  thai diebdy dccrcased as the r d o n  reached 

28 hours. It inatued again by 169 hours, whai 2,odimethoxy-pbaizoquinonc and 6- 

hydr01y-S,7~emthoxy-2-baphthoic rQd wae found to be p r m t .  The initial high yeilow 

intensity of the solution couid be attributcd to the abmrption of the sinapic acid phenohte 

anion (anion IX), as rr h m  the W spcctra (Fig.3.4.). This color increued and thai fâded 

slightly during the awse of the cornienion to thoddioic acid from sinapic acid. Aecording 

to the HPLC d t s ,  92% (pH 8.5) ud d y  1WA (pH 10) of sinapic acid was convertcd 



O& 

Hunter L a b solid 

Fig.3.6a-c. Effect of ruction time on the Hunter L a b values of a 100 pglrnL sinapic acid 
solution in phosphate-boric buffers of (a) pH 7, (b) pH 8.5 and (c) pH 10. Control 
was sinapic acid in H20 with a natural pH of 4.3. 
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to thomosidioic acid within 28 hours. Thrdon. yeiiow intcnsity at tbis time rhould d e c t  

the color of the phenolatc anions of thomasidioic acid. Moreover, the comnnion to 

thomasidioic acid b m  sinrpic acid miy involve the formation of some intamediatu, which 

may aiso have an &kt on t k  cdor proparia of the systan It sœmed apparent tbat at lcast 

one intediate between sinapic acid rad thomuidioic l a d  must account for sow color. 

Since 2,adimethoxy-pkaIoSuinoric ud 6-hydr0xy-5,7dimethoxy-2-~hthoic acid wae 

found together with an i n c r d  color darkening for the systan for the Ltc pcriod of 

reaction, these substances d d  be major wlor coatr'buton to the systan. 

Color profika m imwnium bicarbonate buffar at pH 8.5 ud 10 ( Fig.3.7.-b) were 

simiiar to those f d  in phosphatolboric acid bu&n, but the color changes wae more 

rernarkable. The initirl y d b w  of th gnipic d anions was followd by an increase and t&n 

a deaease, concurrent with the conversion of sinapic acid to thomasidioic a d ,  which was 

nearly complete .Au two houn at pH 10, and thra hours u pH 8.5. This wu foUowed by 

a steady inaeue in cdor iatsisity, whai the 2,6&ncthoxy-p~uinone and bhydroxy- 

5,7-diemthoxy-2-naphthoic acid wac fou& to be prisait &a 72 houm. 

2. Color property of siaipic icid and thomuidioic icid in buic conditions 

In order to evduate the color propaiics of sinapic r i d  and thoddioic reid, the 

colors of the two wmpowdr in phosphate-boric acid bu&n wae detennined with visiik 

light transrnittance rpectra Both compounds showcd little color at pH 7 and showcd a 

remarkable deueasc in pacaitr(p mnaiinuiCe as pH i n c r d  fiom 7 to 10. Thest ypsed 



Fig.3.7a-b. Effect of reaction t h e  on the Hunter L a b d u e s  of a 100 pghL sinapic acid 
solution in ammonium bicarbonate buffers of (A) p H  8.5 and @) pH 10. Control 
was sinapic acid in H20 with a natural pH of 4.3. 
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with the UV spectra where a large absorption band w u  found for both compounds in the 

visible region However, the transmittance decreases for thomasidioic acid at pH 8.5 and 10 

were less pronound than those for sinapic acid, This indicated that thomasidioic acid was 

less colored thn Snrpic r i d  at pH 8.5 and 10. Howeveq the colors of the oxidized solutions 

of sinapic acid d e r  28 houn (Fig.6-7) were not dways lower than, but about equal to, that 

of the solutions at z a o  tiw. A cornparison ôetween transmittance spectra of quai weight 

concentrations of sinapic acid and thomasidioic acid at ciiffirent pHs is shown in Fig.3.80-b. 

As the color properties of sinapic rcid and thomasidioic acid are pH dependent, the 

color determined at basic conditions will be different fiom thoe  detennined at neutral or 

acidic conditions. Sirnilarly, during protein isolation fiom canola meal with basic extraction 

and acidic precipitation, the colored sinapic or thomasidioic anions at basic conditions will 

change to colorless during acidic precipitation provideci no other interactions between protein 

and phenolics occur. However, the secondary oxidation product s such as the 2,6-dimethoxy - 

p-benzoquinone should remain as colored substances if these substances are present. 

3. Spectrai property of bhydmry-S,74imetho~-2-niphtboic icid and 2,o-dimethoxy- 

p-benzoquinone 

UV and Iight trammittance speani of the 6-hydroxy-5,7-dimethoxy-2-naphthoic acid 

at dEerent pHs are shown in Fig.3.9a-b. At pH 7, the 2-naphthoic acid showed two major 

peaks at around 250 and 300 nm -3.90). Higher pH caused a signifiaint shifi of the peaks 

towards higher wavelengths (around 255 and 330 at pH 10). However, these shifis, in fact, 
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Wavelength (nm) 

Fig.3 -8a-b. Transmîttance spectra of a 100 pg/mL phosphate-boric buffer solution of pH 7, 
8.5 and 10 (a) sinapic acid and (b) thomasidioic acid. 



Fig.3.9a-b. UV (diluted 10 times) absorbance (a) and visual light transmittance (b) spectra 
of a 1 00 pg/rnL 6-hydroxy-5.7-dimet hoxy-2-naphthoic acid. 
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did not cause a large change in the visuai üght transmittance spectra (Fig.3 -9b). At pH 7 the 

2-naphthoic acid showed little color. The color intensity only had a slight increase as pH 

increased h m  7 to 10, indicating it not to be a signifiant color contributor even under basic 

conditions. The 2-~phthoic acid has been reported as paie tan needles (Hostettler and Seikel, 

1969). 

A cornparison of W and light transmittance spectra of the 2.6-ciimethoxy-p 

benzoquinone is shown in Fig.3.10a-b. In the W spectra (Fig.3. LOa), 2.6-dimethoxy-p 

benzoquinone showed a maximum aborbance at 280 nrn in contrast to the two maxima of 

sinapic acid at 230 and 325 nrn. While sinapic acid showed no abrorbance at wavelengths 

above 3 80 nm, the pbenzoquinone showed sorne absorbante over this region, indicative of 

a colored substance. In the light transmittance spectm (Fig.3.l0b), 2.6-dimethoxy-p- 

benzoquinone showed a noticeable low transmittance in the wavelength range 6mm 380 to 

480. This is consistent with the yellow appearance of that substance itself (Hostettler and 

Seikel, 1969). This dso indicated that pbenzoquinone was a strong contributor to the color 

of the system. It was noted fiom HPLC analysis shown in Fig.3.3b that there were other 

undetermined culored substances produceci during the reaction. These substances, however, 

may not n-y correspond to the substances in the basic solutions since the HPLC was 

done at pH 4.7. For instance, the coloreci thormsodioic anion in the basic solutions would not 

show up under this condition. 
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Fig.3.10a-b. UV (diluted 10 - 20 times) absorôance (a) and visual light muismittance @) 
spectra of a 100 pg/rnL 2,6-dimethoxy-pbenzoquinone and a 100 p@mL sinapic 
acid (ail in methad). 
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D. Muhanirms of  the reactiom 

ResulUaOm thUrrseuchdw>wdthatafk28 hounthnwasX%(pH8.S), and 

neariy 100% (pH 10) disappesrance of sinapic acid in phosphate-boric acid Men (100 

pg/mL). Bathochromic at the bcghmhg of the d o n  wac causal by the formition 

of phenolate anions, which wuld k raponsiile for the initiai colon of the mixtuns 

(Ribereau-Gay- 1% 1964; Smyk ad Drabau, 1989). The color k e a s e d  and 

then slightly decreased in the fh 28 houn at pH 8.5 and pH 10 during the course of the 

conversion of sinapic rcid to thomasidioic rQd. Similu color c w e a  wae  danonstrateci in 

reactions in ammonium bicarbonate Mm. 

La (1997) dctanimed thrt the dimerization of myi tadicals was the most likely 

pathway for oxidation of sinapic rQd. The dimainton pmQi9 a bisquinone methide, 

would then partidiy tautomerize to fonn a mono-quinone methide and then cyclize to fom 

thomasidioic acid. The mscbriism fw the conversion of sinapic acid to the 2,ddimethoxy-p 

bauoqumOnc ad the 6.hydmxy-5,7-dimahoxy-2-naph?hoic acid w u  determined to involve 

the semndary oxidrtion of the &st hnned tbomrridioic acid (Cbrrlton and La. 1997). Ifthir 

is the case, thcn the two intemadilites, the bisquinone methide and the monoquinone 

methide may a h  &éct the color profde of the systan. The intermediates mry account for 

the color intensity observeci during conversion of sinapic acid to thornasidioic acid. 

W& tirne, thoniuicbioc acid graddy oxidizd to fom thepbenzoquinone and the 

2-naphthoic acid, d c h  in tum innusd the ydow i n t d t y  with thcpbentoquinone bQne 

themajor dorcontribdor.llilicrlrodicas~r~thcat~7. Thestcadyinaeue 
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in color intcnsity is consistent with the air oxidation proaar of riiupic acid to form 

thomasidioic a d  and iùrhz oxiâatbn to the pbenzoquinonc ud tbe 2-ri.phîôoic acid. The 

d a r k ~ o f c d a ~ p H 7 Ù ~ W e w o R h y 9 n a ~ h d a n e u t n l p H ~ u e d t h a e  

was no signiiïcant jen of cdor at du ocrwt of the maion, unlüce tk more basic pH 

conditions, which producd immedirte ycllow colon. 

A madon sdKme h w b g  the convaion of sinapic acid to thoddioic acid, anci 

mer orridation to 2,6dimethoxypaazopuiaonc rnd bhydtoxy-5,7dimethoxy-2- 

naphthoic acid is given in Fig.3.11. 

In conciusion, 9pünc air ortidation of sinapic m d  to fonn thomasidioic acid fit wd 

with a first orda rate cquaîion. Ractioa nit constants (k) wae determined to ôe 8.54x104, 

2.51x10-~ and 4.87~10" s*' in pborphtbboric d d  Mi at pHs of 7, 8.5 ud 10, 

respectiveiy. S i  iarciiOar in ammonium bicarbonate a! pH 8.5 and 10 werc found to be 

more than ten times f b t c  Geaedly, color intaisity tended to inaeue as reiction 

p r d e d .  2,6Dimetho~-pbenzoquinone a d  6-hy&oxy-S,7-dimcthoxy-2-aaphthoic acid 

were associateci with a high color intensity. The colorai nrtun of 2,bdimetboxy-p 

benzoquinone and the presaxx of this substance in the reaction mixture indicatd it to be 8 

strong color contributor. However, the tirne required for the dcvdopmat of the colorcd 

compounds was much longer than th.t rcquircd for the protein isolation. Thcrefore, it is 

doubthil whether those wmpounâs will bc pretmt durirq protein isolation. 
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Fig.3.11. Alkali induced air oxidation of sinapic acid. 
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CHAPTER W. ALKALI EFFECT FOR SINAPINE 

ABSTRACT 

Shuchirsl changes of sinapine wae induccd by aikaiine hydrolysis and air oxidation 

and followed by spcctrai and high performance liquid chromatognphic (HPLC) analysis. 

Color pro- of aqucous sinapine solutions were determined by taking the transmittuw 

spectra, calculating the Commission Internationale de 1'Eclainige (CIE) 193 1  tristimulus 

values and converting to Hunter L a b values. Reaction rate constants for sinapine were 

generated by a kinetic study bascd on the quantitative results from HPLC analysis. These 

reactions were fust order with respect to sinapine and fit the appropriate equation with a 

coefficient of R2>0.97. Sinapine w u  ht hydrolyzed to sinapic acid, which then converted 

t O thomasidioic acid. Reaction rate constants for sinapine were 9.70~10-', 4 . 5 8 ~ 1  Od and 

8.85~10" s-' in phosphate-bonc acid buffers of pH 7, 8.5 and 10, respectively. Results of 

spectral analyses showed that the d o r s  of ali the systems at pH 7, 8.5 and 10 darkened as 

reaction time increaseâ. 

Key Words: Canola phenolic, chromatographic analysis, color, pH effect, reaction rate 

constant, sinapine 
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INTRODUCTION 

Among the problems associateci with canola protein isolation, such as dark color, low 

yield and the presence of antinutritional substances (glufosinolates, phytates and phenolics) 

(Shahidi, 1990; Shahidi and Na& 1992). dark appearance of the canola protein produ- 

is one of the major problems that hinders the use of canola med, an abundant oilseed by- 

produa across the world (Youngs, 1991; Keshavarz, et ai., 1977). A dark meal rrailts 

irnmediately following the hexane extraction and desolventking in oü d s  (Shahidi, 1990; 

Youngs, 1991). Further processing of the meal results in a protein concentrate or isolate 

whose color is uoualiy not hproved. For example, dark appearance of a protein isolate has 

been reported by the method of isoelectric precipitation (Keshavarz, et al., 1977) and by a 

protein micellar m a s  procedure (Ismond and Welsh, 1992; Gruener, 1996). This dark 

appearance was partiailady evidenced with the products produceci using the basic extraction 

with isoelectric precipitation, where the meal is fist extracted with an alkaline solution and 

acidified to precipitate the protein at its isoelectric point (Gillberg and Tomeli 1976a; 

Keshavan et al., 1977). 

The ~ccutfence of a coloration fiom the colodess sinapine solution when exposed to 

an alkali stimulus has been reported quite eariy (Austin and Wolff. 1968). This coloration was 

attributed to a bathochromic shifl due to the formation of the corresponding anionic foms 

from neutral phenolics determined by a spectral airaiysis (Hahome 1964; Ribereau-Gayon, 
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1972). With canola protein, the presence of phenolics eould result in the development of a 

brown coloration (Sosulski and Bakal, 1969). A procedure in which rapeseed meal was 

extractecl with aqueous NaCl solution, foilowed by klectric precipitation has been reportcd 

to yield a light wlor for the protein isolate (Owen et d., 1971). Keshavan, et al. (1977) 

compared the d o r  of the product fiom several isolation procedures and attributed the dark 

color to the presence of akdi stimuli. Appelqvist (1971), howcver, suggested that hull 

pigments couid be the ciause of the color in these products. In general, aich observations are 

associatecl with the presence of some minor wmpomnts that are sensitive to proccaring 

conditions. 

The role of color development has received much attention by several researchen 

(Shahidi and Naczk, 1992; 1995; Sosulski, 1979; Keshavarz et al., 1977). Phenolics have 

been considerd as a predominant h o r  in d e t e d g  the color properties of the oilseed by- 

products. The dark color of sunfiower rneal has been attn'buted to the presence of chlorogenic 

acid (Shahidi and Naczk, 1995). Phenolics also play a role in the wlor of the soy protein 

(How and Mon, 1982). Canola phenolics have been reported to have the effêcts not only 

on color but also on bitterness and nutritional properties of canola protein (Shahidi and 

Naczk, 1992). However, color changes resulting fiom structural changes in sinapine at 

different pHs and reaction timu have not been determined. These colored changes would 

provide information on the d o r  rignificarice of sinapine for the system. In addition, reaction 

rate constants for the degradation of sinapine at different pH conditions have not beni 

determined either, and these could provide usehl kinetic information when considering 
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protein isolation under rlltrünc conditions. 

Aa put of a saies ofstudiu lookiq at the &kt of phamlia on the cdor ofcanoh 

protein isolatt, the cda and miehinl wu ofpnrp'i in rqumw solutions ofpH 7 - 10 

were imrestigated. R a d o n  rate constants w a t  detaniuied .t pH 7,S.S a d  10. 
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MATERTALS AND METHODS 

A. Sources of mrtcririlr 

Sinapic acid (3,S-dimcthoxy4hydroxycinnamic acid) wu purchascd ftom Aidrich 

Chernical Co. (MüwP*q Wï). Sinapine wu ïsoLtd nom Sinepis rrlbo d e d  secd hwn 

Tilney Mustard aop rr sinapine b i t  accordhg to the mthod outlincd by CludlliUi 

(1961). Sinapine bisultiue wu used in place of sinapine throughout the resaucb 

Thomcisidioic acid a~ pqmraî accordhg to the proccdure outlined by Ahmed et al. (1973) 

and Rubi et ai. (1995) wah some modificatiom. Sinapic acid ( 500  mg) was d i d v e d  in 10 

rnL methanol. Slightiy wanning the mixture w u  neca tuy  to get a wmplete dissolution of 

sinapic ocid in the methami. This soiution was d d d  slowly (in about 10 min) to a solution 

ofFeCl, &O$ (1.6 8) in wrta (40 mL) while a npid stmm of oxygcn was p d  through 

the FeCl, &on A rai-violet prSapit.te formai inimsdiately once the sinapic acid solution 

was added. The oxygcn passage continued for about five houn More the mixture wu 

allowed to stand ovemight. The mixture waa filterd through a filter paper (Waterman No. 

1) and the paste wrr suspcnded in water (120 mL). The mixture was filtered again anci 

washed with waters To the paste, 10 mL KSO, w u  ddcd a d  the mixture was vigorwsly 

shaken fbr 30 94conds- T b ,  tk ~ w r r d ü u t c d w i t h 5 0 m L w a t u .  Afkcoohgtothe  

room temperature, the mixhue WPI uctracted thrœ times with ethyl (20 mL). The 

organic phesCs wac combincd, dned with MgSO, and evaporated under vacuum to remove 
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the solvent. nùs yieided 8 brown rdid The solid was rc~ys ta lked  ftom -CL, to yidd the 

thomasidioic acid as r li* tan powder. This thormuidioic acid wu used u a standud in 

identifjing the thoddioic acid f o d  by air orcidation of  sinapic acid. 

Acetic acid and d u m  hydroxide used for HPLC wae  v d e d  ACS-grade and 

purchased fkom Fisha S Q d c  Co. (Nepean, ON, Canada). OIba chcmicals uscd for 

HPLC were HPLC-grsde. AU other chernids, unless statd othemise, were verifjeci ACS- 

grade and pwchased &om Fier Suaitibic Co. 

B. Sample prtparation 

Phosphate-boric acid Men wac  prepared lcoording to Britton and R o b ' i n  

(1 93 1). 

A sinap'i b i i  sohition (200 pg/mL) was prepared with deionized water. Thet 

samples of 4 mL each in pbospW&oric acid buEw of pH 7,8.5 and 10, respectively, wae 

prepared by combiining 2 mL of the sinapine biailfots solution with 2 mL of each buna 

solution of differcnt pHs ro that 100 ps/mL (0.246 mmol) ~~ solutiom with diffèrent 

pHs were obtained. These solutions wac stirrcd in Ur at room tmperature (22 O C ) .  W.ta 

vapr los was determined to be 1% per day under the test condition. This loss was ignored 

during the M c  sady. The pH values of these solutions wae checked More cpch analysis 

was made. Only the pH vJuc of the phospbboric acid solution at pH 10 M a slight 

deviation ( d m  approxhatdy 0.4 units pa &y) and wrr readjusted by adding sodium 

hydroxide. Spectd and HPLC analysis wae  d e d  out for a paiod of4.5 days. A vmpk 
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size of 1 p.L was used for HPLC adysb during the M c  midy whcrcas 20 pL was injecteci 

into the HPLC during the identification of color components in the solution of pH 10 ushg 

a 25-(IL sample loop. Thne samples of pH 7.8.5 and 10 for ultraviolet spectral analysis wae 

prepared by a 10-fold dilution of the shapii solution (200 &mL) with phosphate-bonc acid 

buffers of d i e n t  pHs and stir~ed in air at room temperature (22 O C ) .  For HPLC adyoer 

of the standard sinap'i acid anâ thomasidioic a d ,  these compounds w m  dissolved diredly 

in the appropriate bufEers just before d y s i s .  

C. HPLC analysis 

Chromatogmphic equipment consisted of two Waters (Milford, MA) punps (modd 

501 and 5 10) and an automated gradient controila model 680, a Shimadzu (Kyoto, lapan) 

SPDdA ultraviolet (UV) spectrophotornctric detector, and a Hewlett-Packard (Avondale, 

PA) model HP339611 integrator. A reversephase Cl8 wlumn (Supelcosyl, 3-pm particle 

size, 33x4.6 mm i.d.; Supelco, Beilefonte, PA) was used. Cornponent A was a 0.05 M acetate 

bufEer prepared by a 1: 100 dilution of a stock pH 4.7 acetate bufk.  The stock b& uns 

prepared by a d i g  5 M d c  acid to pH 4.7 with solid sodium hydroxide (Hagerman and 

Nicholson, 1982). Component A was £ilterd through a 0.45 pm filter. Component B wrr 

lW!'HPLC-grade methanol. The column was maintained at 37 T and run at a constant flow 

rate of 1.4 &min, 

In monitoring the structural changes in sinapine and the disappearance of sinapine 

with time for the kinetic study, the initial elution solvent was 15% methano1 and 85% 
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component A A 10-min lin- gradient wu useci to aita the solvent f h n  15% to 1ûü!/e 

methanol. This solvent composition was maintaineci for 2 min, after which another 2411 

linear m e n t  retumed the solvent to its originrl composition. 

In ident-g any possible coloreci substances using a 400-am detector, the initiai 

solvent wu 15% methmol and 85% cornponait A. A f k  a10.5-min Uocntic flow, a 1.5-min 

linear gradient wu usd to change the solvent composition to 45% methano1 rad 55% 

component A A 5-min concave gradient was used to aiter the composition fiom 45% 

methano1 to lW? methanol. T b  soivent composition wu maintaineci for 2 min, after which 

a 2-min linear gradient retwned the solvent to its originai composition (15% methanol). 

D. Kinetic study 

Reaction rate constants (k) were obtained by a kinetic study based on the timc 

dependent change in concentration of sinapine as determined fiom the peak areas of the 

HPLC chromatograms, following the same procedure as in Chapter III (Cai et ai., 1999b). 

E. Spectral inaiyru and color determination 

Speanl  anal@ and cdor deterinination foiiowed the rame procedure as in Chapta 

11 (Cai et al., 1999a). 
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RESULTS AND DISCUSSION 

A. HPLC andysù 

Results of HFLC arlyrU (Fii4.1.c) showed that sinrp'i w u  converted to s e v d  

compounds upon .Ualine hydroiysu and air oxidation at pH 7,S.S ud 10. A f k  48 houn. 

sinapic acid wu found to k prescnt due to tbe hydrolysis of sinapiï. An ULLblown 

compound @e& 3) wu Jso f9imd T i 4 .  la). The unknown wmpound became pronounced 

afler 96 houn whiie sinapic .Cid d.crrrrcd (Fig.4.1a). Thcre wu only 32% s h q h  

converted to 0th- compounds ova the % hours. At pH 8.5 (Fig.4. lb), sinapic add wu 

deteaed mnatiao time. -48 hay thepadcprnanwas shhr to  thrt ofthe solution 

at pH 7, except that un additionai p d q  i d d e d  as thomasidioic m d  @eJc 1). was dm 

found. After % houn, the p d c  of sinrpic acid k u m e  d e r  while thomssidioic acid and 

the unknown (peak 3) becune more pronounced. Sevcnty nine percent of the sinapine was 

converted to otbs caiipaiidr a f k  % hain. At pH 10, sinapic acid wu found to be piment 

at zero time (Fig.4.1~). A f k  48 bwn, a pcak identifid to k thoddioic acid and the 

unknown peak (pcak 3) wae ais0 found. Afta % hours, the pcak of sinopic acid became 

s d e r  d e  several unkmwn p a b  ~ ~ u d i n g  jmk 3) qpund. Nin* six pacait of the 

sinapine w u  convcrted to otha compmb a f k  % h o w .  Unda aU thnc pH conditions, 

sinapine cornait dccrcad withtvnc u sinapii was convatcd to sinapic acid, thomasidioic 

acid and other compoundr. These HPU: chromatograms (Fig.4. lac) d data fiom time 
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Fig.4. la-c. HPLC chromatograms of the sinapine readion products with reactions 
conduad in phosphate-bonc acid buffer of (a) pH7, (ô) pH 8.5 and (c) pH 10. 1. 
Thomasidioic acid, 2. sinapic acid, 3. unidentifiecl, and 4. Sinapine. Elution 
gradient: iiiear, O - 10 min, 1 5% - 1000!6 rnethanol. 
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intermediate to those presented also provided lrinetic data for the disappeanuice of sinapine 

du ring alkaline hydrotysis and air oxidation. 

Both sinapic acid and thornasidioic acid are colorleos cornpounds (Ahmed et al., 

1973). No cdored corn@ wac identifieci in the sinapine solution Nevertheless, the color 

of the solution w u  found to duken throughout the reaction. The formation of sinapic acid 

and thornasidioic acid should not cause the darkening of the system since both compounds 

were found to be les colored than sinapine at equal weight and at the same pH value (Cai et 

al, 1999b; Appendix 3.7a-F, 4.5a-c). Therefore, examination of the color of these new 

compounds in the system wu warranted. The HPLC chromirtograms of the sinapine solution 

at pH 10 &er 96 h for both 330 and 400 nm are shown in Fig.4.2a-b. A strong absorbance 

at 400 nm wouid k an indicative of a yeliow substance. Of those compounds detected at 330 

nm (Fig.4.2a), none showed strong absorbance at 400 nm (Fig.4.2b). Peak 3 had a weak 

absohance at 400 possibly indicating a compound with some color. A colored substance 

was eluted n u u  the void volume (Fig.4.2b). However, this compound was not identified. 

B. Kinetic study: 

It was found that the reaction rate data fit a first order equation better than a second 

order equation. The correlation coefficients (R? for the hrst order equation were 0.98.0.99 

and 0.98, respectively, for the reactions in phosphate-bonc acid buffers of pH 7, 8.5 and 10, 

whereas R* for the second order equation were 0.91.0-93 and 0.71, respectively. Therefore, 

the fint order equations were used to calculate the reaction rate constant (k) values and the 
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Fig.4.2a-b. HPLC chrornatograms of the sinapine reaction produas in phosphate-boric 
acid buffer of pH 10 after 96 houn et (a) 330 nm and (b) 400 m. 1 .  Thomasidioic 
acid, 2. sinapic acid, 3. unidentifïed, and 4. Sinapine. Elution gradient: isocratic, O - 
10 min, 15% methanol; linear 10 - 1 1.5 min, 15% - 45% methanol; concave 
(Fig.S.l), 11.5 - 16.5 min 45% - 1W! methanol. 
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theoretical concentrations of sinapine for the reaction curves. 

The reaction equations, reaction constants (k), half livcs ( t d  and correlation 

coefficients (R? are summarized in Table 4.1. The r d o n  rate constants were 9.70x1~', 

4 .58~  10' and 8.85~10' s-', respectively, for reactions at pH 7, 8.5 and 10. The reaction at 

pH 10 was about twice as fâst as the reaction at pH 8.5 and about nine times as  fast as the 

reaction at pH 7. These diffefences cm alm be seen from the half lives (t,J of the reactions, 

which were 198.28,42.03 and 21.74 hours for pH 7,8.5 and 10, respectively. 

Table 4.1. Reaction cquations, reaction rate constants (k), half lives (t,J and correlation 

coefficients (R3 for reactions of sinapine aqueous solutions at pH 7, 8.5 and 10. 

. . - 

PH Equation k (s") t d w o  R2 

The haif life (tlJ for the reactions w u  found as: 

t:, = 0.693k 

where t, is the half life, k the reaction rate constant. 

LUiear and logvithmic plots of ünapine concentrations and the corresponding plots 

generated fiom the best fit rate constants are given in Fig.4.3a-b. In general, the theoretid 

values coincided weil with the deterrnined values (Fg.4.3a). The plots of the natud 
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Fig.4.3. Reaction rate curves of sinapine (0.246 rnmoVL) in phosphate-bonc acid buffers 
of pH 7, 8.5 and 10. (a) normal s a l e  of concentration and @) natural logarithm 
sale of concentration. Amal measurements are reported by markers, lines 
represent calculated values. 
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logarithrns of gnipie concentration as a niaaion of time gave rtnight lines for the th= 

reactions, indicaihg the rsrdioar to k Qlt orda. The rawtion rate CuNa in Fig.4.3a-b and 

resulting equaîiom Fable 4.1) can k d to prcdict clmges in sinap'i concentration unda 

these conditions. ïhaefore, it wül be d in evaluating the possiie structural changes of 

sinapine when present durhg protein hiation Born canoWrapcsed m d .  

C. W and visuai spectrum 

The W spectrr of 20 &rnL Pnrpine dutions .&r lltllline hydrolyh and air 

oxidation for 0. 24 and 108 houn are h w n  in Fig.4.4.1ae. At zero thne (Fg.4.4. la), 

increasing pH cuised a strong brthochromic &if€, the Mt of the maximum absorbame 

toward higher waveleneths, relative to the ipcctnim of the control (sinapine in deionizcd 

water having a nitunl pH of 4.3). These shifb should k responsible for the initial color 

properties of the solutions. îhe shüt would also be ucpectcd to bc s i d a r  at 24 houn 

(Fig.4.4. lb) and 108 houn (Fig.4.4. lc). Howtvc~~ aa time increasd, sinapim concentration 

decreased and the s- no longer represented pure sinapine. The c&ct of Jkiline 

conditions on the a b a x p h  popSmes of phmolic compounds br bcea reporteci by severai 

researchas ( R i i  19î2; Huborne, 1964). Luge bathochromic shifb wen noted 

in most cases, and an increase in the intQlSity of the absorption bands wu dso obsewed 

(Hahome, 1964). These prwious obmations rgne with the results of this rtreuch. The 

changea in absorbancc with timc can be bata seai by plotting the dru for eacb pH as 8 

separate gnph (Fig.4.4.a-c). As time iaaeucd fiom zao to 108 hours, the absoiboncc of 



1 
200 250 300 350 400 450 

Wavelength (nm) 

Fig.4.4.1 a-c. W spectra of a 20 pg/mL sinapine in phosphate-bonc acid bu&r solution of 
pH 7,8.S and 10. (a) sinapine a h r  O hour, @) sinapine &er 24 hours and (c) 
sinapine d e r  108 houn. Control was sinapine in deionized H,O with a natural pH 
of 4.3. 
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Fig.4.4.2.-c. W spean of a 20 p g l d  &pine in phosphate-bonc acid kiaa solution 
I&r r d o n  for O, 24 and 108 houn. (a) pH 7, (b) pH 8.5 .ad (c) p H  10. Control 
was sinapine in daonised with a natud pH of 4.3. 
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both the neutrai and anionic fomu of sinapine (330 and 390 nm) decreased with tirne. The 

absorbance of sinap'i at pH 7 decnrred at 330 nrn (neutrai form), that of sinapine at pH 10 

decreased at 390 nrn (rUuüne fonn), while the absorbance of sinapine at pH 8.5 d e c r d  

at both the neutrai (330 nm) and alkaline (390 nm) absohance wavelengths. The decreasc of 

absorbance with time is greater a pH 10 than at the other pH values. Tbis agreed with the 

results of the I<inaic sbdy, whac the reaction at pH 10 hd the hi- r d o n  rate constant, 

foliowed by the reactions at pH 8.5 and pH 7. 

The resuits of the iight mumittance spectra for 100 p@L sinapine solutions of pH 

7, pH 8.5 and pH 10 and the control at r d o n  t h e  of O, 24 and 108 houn are given in 

Fig.4.Sa-c. Transmittance was low in the blue light region (around 400 nrn) at zero time for 

solutions at pH 7, 8.5 and 10. This would indicate that the solutions w m  yellow in color. 

Regardless of the reaction the ,  the transmittance decreased as pH increased f h m  7 to 10. 

In fact, The solution of pH 7 only had a small increase in absorbance in the blue light region 

from zero to 108 houn. Therefore, the color change of this solution was relatively small. 

Mer 24 hours, the solution of pH 8.5 had a new absorbance band in the green light region 

(around 520 MI) while the solution of pH 10 had a new band of absorbance in the red light 

region (around 650 nm). This should indicate a red component for the former while a green 

component for the latter. Mer 108 houn, both solutions of pH 8.5 and 10 had an absorption 

band in the region fiom 500 to 700 m. Also, by comparing the three figures (Fig 4.5a-c), it 

can be seen that the transrnittance of the solutions decreased with tirne. This may reflect a 

decrease in the whiteness of the solutions. 



380 430 480 530 580 630 680 730 780 
Wavelength (nm) 

FigA.5a-c. Light transmitîance spectra of a 100 pglmL sinapine in phosphate-boric acid 
buffer solution of pH 7, 8.5 and 10. (a) sinapine after O hour, @) sinapine &et 24 
hours and (c) sinapine &er 108 hours. Control was sinapine in deionid H20 with 
a nahirai pH of 4.3. 
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D. Color intensity, Hanter L r b vdua 

The effbct of time on the Hunt= L 8 b values of the &on solutions at pH 7,8.5 

and 10 are ohown in F54.6r-c. At pH 7, the oolor of the reaction solution sterdily inaerred 

toward gremishydbw(avJuedknrrcd p d b v a i u c i n c r d )  as time inaeucd fkommo 

to 108 houn. D a h e m  ofthe soWm rtadüy nwxured (L value duxeasai). At pH 8.5, the 

b value was wnsidembly hi* tban for the conirol, iadicatjng an increase in yeilow 

component. The 8 d u c  d a x d  upon pH rdjwtmrit (zero W), incrrued by 24 houn 

and then decreascd again by 108 hain. For tbe r d o n  at pH 10, the initiai high greenish 

yellow that r d t e d  bom the pH adjutment (a = -26.22, b = 46.62) d c a d  as tiw 

increased to 108 hours (a = - 19.24, b = 33.99), M e  the solution becorne darker (L value 

decreased h m  97.92 to 73.36). In dl aam, the colon of aii the solutions tested wae darker 

than the contrai, which was simapine in daonized water with a pH of 4.3. Thc color of the 

control stayed unchanged hom zero to 108 hours. 

E. Mccbrnisms of the reactions 

Bathocbromic rafb was causai by the d o n  of phenolics to fom correspondhg 

phenolate anions, whidi wac rcsponsible for the initiai wlor of the solutions (Harbonre, 

1964; Ribereau-Gayon, 1972). The d o n s  in which Jinapine converts to sinapic acid and 

thomasidioic acid are smmmkd in Fig. 4.7. The nrst step of the reaction involveci the 

hydrolysis of sinap'lllt to rinrp'i .Cid. The sinapic acid was thai oxidized to fonn thomasidioic 

acid. In the study of the conversion of riiupic acid to thomasidioic a d ,  Lee (1997) 
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Fig.4.6a-c. Effect of reaction time on the Hunter L a b values of a 100 p g / d  sinapine in 
phosphate-boric buffea of (a) pH 7, (b) pH 8.5 and (c) pH 10. Control was 
sinapine in deionized H,O with a natural pH of 4.3. 
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Fig.4.7. The Plkaüne hydrolysis and air oxidation of sinapine to  fonn sinapic acid and 
thomasidioic acid. 
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detenniired îhat the dimaiPrioa of- rrdicJs waa the most k d y  p.thwry for oxidation 

of sinapic acid. The dimaintion pmduct, bisquinone methide, would tbai putirlly 

tautornerLe to form r monoquinone m e d e  and thai cyclizt to form thomasidioic acid. 

In conclusion, the a l l a h  iyddysk rad air oxiûath of Mipi to form siaapic .Cid 

fit weli with a fint orda aption. Raction constants (k) wcre detamimi to b 9 . 7 ~ 1 ~ ' ~  

4.58~10" and 8.85x104 I' in p b o o p ~ r i c  .ad Mi  rt pFh of 7, 8.5 d 10, 

respectively. B.thocbromic rbift, o f ù u p i  d by the formation of phewlic anio- 

were responsi'ble for the initiai greu& ydlow wlor. Uadcr di tbrrc pH conditions, colon 

of solutions d a r k d  with t h e .  GramSb ydlow inteadid at pH 7 rad pH 8.5 with W. 

The greenish ycllow in the solution of pH 10 drcrsurd with time, but tbe low L d u e  

indicated the color moved toward the dulr-brown side. 
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SINAPINE AND SINAPIC AClD IN CANOLA SEED AND MEAL 
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ABSTRACT 

Conventional high pedonnance liquid chromatographie (HPLC) methods normally 

require purification stcps for sinapine detemination whcn applied to canola cxtracts. An 

HPLC method with no prrincation seps has been developed to separate sinapine and sinapic 

acid fiom other phmoiics in canola seed and meal in a single nui. The sepadon was 

achieved with a reverse-phase Cl8 wlumn. Refluxing with 1Wh methanol for 20 min was 

selected as the best extraction method out of four difEerent conditions tested using HPLC 

analysis and FoLin-CiocaiteuYs reagent prsessncnt. A lemin isomtic/linear/wncave gradient 

and a 15-min isocratidiinear gradient were selected as the best gradients fiom several 

gradients tested. Peak identities of sinapine and sinapic acid were verifid with ionexchange 

sepration foliowed by HPLC analysis. The method was calibrated using a sinapine bisulûte 

standard and a sinapic acid standard, with the correlation coefficient (R? of the calibration 

curves being 0.997 and 0.999 for sinapine bisulfate and sinapic acid, respectively. The 

extinction coefficient of sinaph was determinad to be 1.16 tirnes that of sinapic acid at the 

detector wavelength (330 nm), which enabled the peaks of the two compounds to be 

compared on the same chromatogram. Applying this method to routine canola phenolic 

analysis has greatly reduced the cost by simplifjing the procedures and reducing the time 

required for each determination. 

Key Words: Canola, HPLC, phenolic determination, sinapic acid, sinapine 
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INTRODUCTION 

Sinapine is a major phenolic in canola and rapesed (Austin and Wolff, 1968; Krygir 

et al., l98îb). Aithough sinapine may have physiological funaions during germination and 

maturation stages of canola and rapeseed (Bouchereau et aL, 1992; Shahidi and Naczk, 

1995), sinapine and the related phenolics are responsible for the tainting of brown-shelled 

eggs (Hobson et al., 1977; Goh et al., 1979; Shahidi and Naczk, 1992) when the meal was 

used as a poultry feed and possibly also for several physical and nutritional defixts of the 

meai, such as color daricening (Keshavarz et ai., 1977; Sosulski, 1979; Youngs, 1991). The 

presence of sinapine and the related phenoücs such as sinapic acid, the hydrolyzed produd 

of sinapine, has been a concm for oilseed breeders and processon (Blair and Reichert, 1984; 

Solsuski and Dabrouski, 1984). Rapid and sensitive methods for determining sinapine and 

related phenolics will faciiitate canolalrapeseed breeding and processing. Thin layer 

chrornatography (Ribereau-Gayon, 1972), which has been extensively used to separate 

phenolics, is f i c u i t  to quantitate. Colorimaric methods (Swain and HiUis, 1959; Austin and 

Wolff, 1968). when used to determine individual phenolics, requue specific reagents for color 

developrnent. Funherrnore, it is difficult to avoid the interference fiom other compounds in 

these systems. Some colorimetric methods and ultraviolet spectrophotometric methods 

require purification procedures (Wang et al., 1998; Ismail and Eskin, 1979). Gas 

chromatography (Krygier et al., 1982b; Hartley and Jones, 1975) requires the hydrolysis of 
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phenolic esters and the derivatization of the resulting phenolic Mds before determination. 

Therefore, it is an indirect method and not directly applicable to nonvolatile phmolic esters 

themselves HPLC is a rapid and sensitive method for qualitative and quantitative analysis of 

plant phenolics (Andersen, 1983). 

Several HLPC mahods for phenoiic detemination have been developed. Clausen et 

ai. (1983) used a reverse-phase Nucleosil5 C8 column and a Nucleosil5 C 18 d u m n  with 

a 30-minute linear gradient composed of acetonitrile and a phosphate buffer to separate a 

group of 22 standard aromatic choline esters. Hagennan and Nicholson (1982) used a 

Lichrosorb CS column for a total 45 of minutes with two isocratic elutions of solvents 

composed of methanol and a sodium acetate buffer to separate hydrolyzed phenoiic acids 

fiom plant extracts. Separaiions were excellent in both cases. These two methods, however, 

were tested oniy with either anionic or cationic phenolics and neither has been tested with 

intact plant extracts. With an uBondapak Cl8 column, Lattanzio (1982) used a combination 

of isocratic and linear gradient elution to separate about 30 standard phenolic acids and 

flavonoids, and used two concave gradients to separate about 14 standard flavonoids in 50 

minutes. However, ody hydrolyzed phenolic acids of eggplant extracts were tested using the 

retention tMes of the simple phenoiic acids. Bjerg et al. (1984) used a senes of ion-exchange 

columns to separate the phenoiics into neutrai, anionic, and cationic groups pnor to HPLC 

analysis. Bouchereau et ai. (199 1; 1992) used the same technique to separate phenolics into 

difSerent charged groups and then determined each group separately with a Sphensorb ODS 

2 column. Although the HPLC separation for the anionic and the cationic W i o n s  only took 
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about 25 and 30 minutes, respectively, long hours were involved in concentration and 

purification during m p l e  preparation. 

Most of the previous methods either involved complicated purification steps or were 

used only for the sepimîtion of standards and hydrolyzed phenolic acids, which would not be 

applicable to many instances where the intact phenolics are the interest of the analysis. New 

techniques wit h sirnpler sample preparaiion Q ~ O C ~ U ~ ~ S  are required for intact pheno tic 

d y s i s ,  espefially when a large number of sarnples is to be analyzed. Mailer et aL(1993) used 

a HPLC method to qualitative@ determine the ethanol extracts fkom canola floun as a means 

of cultivar identification. However, no quantitative determinations were made. The present 

method took advantage of the fact that the retention time of the individual phenolics in a 

system could be properly adjusted with a change in elution solvent composition. Since 

sinapate anion and sinapine carry opposite charges and have very dinerent hydrophobicities, 

they are dficult to separate with reasonable retention times in the same solvent system. It 

was demonstrated with this study that it was possible to separate the anionic and cationic 

phenoiics in a single run with the same solvent system by adjusting the solvent composition. 

The current method separated the anionic and the cationic phenolics in either a IO-& or a 

15-min run with no pudication steps. Therefore, it greatly increased the analytica! efficiency 

and reduced cost. In addition, analyticol results for the two phenolics with opposite ch- 

were obtained fiom the m e  chromatogram, thus making them directly comparable. 
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MATERIALS AND METHODS 

A. Sources of  Matcriab 

Sinapic acid (3 ,S-dimethoxy-4-hydroxycuuiamic acid) was purchased bom Aldrich 

C hemicai Co. (Mtwaukee, WT). Sinipine (3,5-dimethoxy4-hydro~cinnamoyl choline) wu 

isolated from Sinapis alba certified seed nom Tiney Mustard crop as sinapine bisuffite 

according to the method outlined by Clandinin (1961). This sinapine bisulfate was used in 

place of sinapine as a standard for HPLC calibrations. Parkland canola seed, a variety of B. 

campestris, ww provided by ConAgra Seeds (AB, Canada). Canola meal was provided by 

CanAmera Foods (Fort Saskatchewan, AB, Canada). Canola protein isolate was prepared 

according to a protein rnicellar mass procedure outlined by Murray et al. (1978), 

using the canola meal as raw matenal. CM Sephadex C-25 was purchased from Phamacia 

Fine Chernicals AB (Uppsala, Sweden). Ecteola Cellulose, capacity 0.31 meq./gm, was 

purchased from Sigma Chernical Company (St. Louis, MO). Foh-Ciocalteu's reagent was 

also purchased nom Sigma Chernical Company. Acetic acid and sodium hydrox.de were 

verified ACS-grade and obtained fiom Fisher Scientific Co. (Nepean, ON, Canada). The 

methanol used for canola phenolic extraction and HPLC analysis was HPLC-grade. Ail other 

chemicals, unless stated othewise, were verified ACS-grade and purchased from Fisher 

Scientific Co. Deionized water was used throughout the research. 
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B. Methanol extraction of canola flour and meal 

The canola flour was prepared by g ~ d i n g  the canola seed in a grinder (ScientSc 

Industriai Inc. Bohernia, NY) for 1 min, extfacting the ground materid with hexane for 16 h 

with a Sohxlet apparatus and n-grinding the defatted fiour for 1 min in the grinder. Canola 

meai was ground for 1 min in the grinder. The water contents of the flour and the meal were 

detemiined to be 6.0 and 7.2%, respectiveiy- F i  mg canola flour or d were weighed into 

a 20-rnL capped test tube for the h t  t h e  extraction conditions or a 250 distilling vesse1 

connecteci with a distiiIing/condensing system for the hst extraction condition. Extraction w u  

conducted under four conditions as follows: (a) 1 W !  methanol, 50 OC, 10 min; (b) 1W/o 

methanol, 75 OC, 20 min and (c) 7% methanol, 75 OC, 20 min, plus (d) 1000? methanol 

refluxing for 20 min. Except for the reflux system, temperatures were maintained using a 

Haake C Water Circulator (Karlsruhe, Germany). M e r  each extraction, the mixture was 

cooled to room tempaahûe More the cap was u~lscfewed. The Iiquid layer was decanted and 

the volume measured to check for vapor loss. Unda n o 4  extraction conditions used in this 

study there was no detectable vapor loss. The solid layer was discarded. The Liquid phase was 

filtered through a 045-pm filter with a 3-mL syringe. This fiftered liquid was used for both 

the HPLC analysis and total phenolic determination using the Folin-Ciocalteu's ragent 

method. The concentration of the liquid phase was assumed to be the same throughout the 

mixture and the volume of the solvent originally added to the sample was used in calculations 

(Wang, et al., 1998) 
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C. HPLC analysis 

Chromatographie equipment consisted of two Waters (MïEord, MA) pumps (model 

50 1 and 5 10) and an automated gradient controuer model 680, a Shimadn, (Kyoto, Japan) 

SPD-6A ultraviolet 0 spectrophotornetric detector, and a Hewlett-Packard (Avondale, 

PA) model HP3396.U integrator connected with a peak 96 HPLC software. A reverse-phase 

C l 8  column (Supelcosyl, 3-pm particle sue, 33x4.6 mm id.; Supelco, BeUefonte, PA) was 

u d .  Component A was a 0.05 M acetate buffer prepared by a 1 : 100 dilution of  a stock pH 

4.7 sodium acetate biffa. The stock buffer was prepared by adjusting 5 M acetic acid to pH 

4.7 with solid NaOH (Hagerman and Nicholson, 1982). Component A was fltered through 

a 0.45-pm fiiter. Component B was 1ûü?/o methanol. The column was maintaineci at 37 OC and 

mn at a constant flow rate of 1.4 mUmin. 

Two gradients were selected from a series of gradients exarnined and their solvent 

profiles are show in Fig.5.1. In gradient 4 the initial solvent was 15% methanol (component 

B) and 85% component A After a 3.5-Mn isocratic flow, a 1.5-min iinear gradient was used 

to change the solvent composition to 45% methanol. Then a 5-min concave gradient alterd 

the solvent composition from 45% to 1W?% methanol. This solvent was maintained for 2 min 

until another 24x1 linear gradient returned the solvent to its original composition (15% 

methanol). Sinapic acid was eluted during the 3.5-min isocratic flow while sinapine eluted 

with the 5-min concave gradient. In gradient B, the initial solvent was 14% methanol 

(component B) and 86% component A Mer a 5-Mn isocratic flow, a 10-min linear gradient 

was used to change the solvent composition corn 14% methanol to IOCE? methanol. This 
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Fig.5.1. Elution solvent profiles for gradient A and B used in the HPLC method. 



CHAPTER V. HPLC METHOD 

solvent was maintained for 2 min u t i l  another 2-min linear gradient r e tumd  the solvmt to 

iîs original composition (14% methanol). Sinapic acid was separated during the isocratic flow 

whiie sinspine separated dunng the linear gradient elution. m e r  gradients tested included a 

combination of différent concave and linear gradients with varying elution times but provideci 

no  improvement in separation of the phenolics. 

D. Ion-exchange 

About two grams of CM-Sephadex C2S resin were treated with 10 rnL 1M HCI and 

then washed with water until the pH of the eluant was neutral. The treated m i n  was then 

packed by gravity into a 10-mL pipet to form a cation-exchange wlumn (8x60 mm). About 

two gram of Ecteola Cellulose were treated with 10 mL 2 M acetic acid and washed and 

packed as describeci above to form an anion-exchange column (8x60 mm) e j e r g  et al., 1984). 

Fifky mg of the ground canola fiour were refiuxed with 5 rnL 100 % methanol for 20 

min. M e r  cooling to room temperature, the liquid layer was fiitered through a 0.45 pm flter. 

The iiquid phase was then concentratecl to about 200 pL by evaporating under vacuum. This 

concentrate was first applied to the CM-Sephadex C-25 cation-exchange colurnn and washed 

with 10 rnL water. The efluent was placed on the Ecteola Cellulose anion-exchange column. 

Neutra1 phmolic derivatives were collected in the emuent fiom the anion-exchange column. 

Aromatic choline esters were eluted hom the cation-exchange column, first with 10 HL of 

a mixture of 2 M acetic acidfmethanol (VI, v/v), and then with 10 mL 100% methanol. Acidic 

phenolic acids were eluted nom the anion-exchange column using 1 M pyridine (Fg.5.2). All 
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the effluents were analyzed by HPLC. 

Fig.5.2. Elution principles of two different types of ion-exchange columns. 
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E. Standad cllibration 

Stock solutions (200 pglmL) fw Paip'i b i i  .ad sinapic lcid were p r e p d  ôy 

acaratdy weishiqe 1 mg of ach ahtancc into 5 mL mihaol. Dilution of the above stock 

solutions gave two retr of  standard solutions of 200, 100, 50 ud 25 pg/mL for sinapiine 

bisulfate and sinapic a54 mspcdvelyy During the ulibraîion, a 3-pL mixture of rinrp'i 

the HPLC column using a 25-$ sampk bop. Two caiibration cucva wae obtained for 

sinap'i b i i  ad sinrpic a d ,  resQedively, by plotting conwntmtiom verw pcak arcas. 

Regession equatiom wae obtained from the uübration a m e s  for the two compoundr. 

F. Cdculition o f  sinripine and sinipic acid content 

Sinapine and unipic lcid contents of the flou and m d  were caiculatd using the 

foiiowing equations: 

where a and b = y-- and dope of the standard airver for sinapine binilaue or sinapic 

146 
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acid, A = peak arca, Vc = injection volume for cslibntion (&), Vs = injection volume for 

rample (@), Vt = voiume of rdvent ddcd to vmple (mL), W = weight of the flou or mal 

(mg), 3 10.4 = molecuiar wcight of sinapine, 407.4 = molecuiar w w t  of riarpine bisulfitc. 

G. Total pbenolic content 

The totai phmolic content w u  detaniined by Folin-Ciocaiteu's rcagent mabod 

according to Swain ud Hillis (1959) ancl Scbandal(1970). Total phcnolic content was 

expressed as tannic acid epuivdentj. Whcn &mathg the totai ppheaotic content ushg the 

total peek ara fiom HPLC. totai phaolic content wu acpressed rr sinapine b i d e  

equivalents. The total pcrL uea nom HPLC included sinapic a d ,  sllispiae ud ail otha 

unknown pealo. Total phcnolic conttnts estimateci by tbis method wae  found to k v w  

close to that determineci by the Foiin-Ciocaiteu's reagent method. 

H o  UV spectri and extinction eoenicientr of a tudud  sinipine birulf.tc and rinipic 

acid 

W specîra lad erdinction coefficients of standard sinapine bisulfoe and sinapic acid 

were detamined with a Hewlett-Padcwd US2 didiode u r ~ y  spectrophotometer with MS-DOS 

W-VIS soffwue. Exthdon coefficients were caiculated accordhg to the equati~n 

e = A/cl 

where a = amnciion M c i a ü  (Laddl), A = absorbante, c = concentration (moUL) and 

1 = ceii length (cm). 
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RESWLTS AND DISCUSSION 

A. Selection of extraction conditions 

Detemiination of optimal extraction conditions for the determination of sinapine and 

sinapic acid is a necessary prerequisite for their detennination by HPLC. Bouchereau et al. 

(1992) extracted rapeseed phenolics by boiling the tlour in lW! methanol. The phenolics in 

the extract were then separated by ion-exchange chromatography and determined by HPLC. 

On the other hand, 70% aqueous methanol was used for an extraction at 75 OC for 20 min 

during the detemination of sinapine by UV iight spectrophotometric method in conjunction 

with an ion-exchange s e p d o n  (Wang a ai., 1998). Naczk et al. (1992) found 700A queous 

methanol extractecl twice as much total phenolics fiom rapesed  meal as pure methanol. Since 

the extractions were conducted at a solvent to  meal ratio of 10: 1, the extraction efficiencies 

of these solvents at a higher solvent to meal ratio (1 00: 1 in this research) were still unknown. 

In addition, aqueous methanol extracts traces of proteinaceous matenal that would require 

removal before detennination by HPLC. Due to the uncertainty of the efficiency of these 

extraction methods, they needed to be reviewed. In particular, the condition of aqueous 

methanol or pure methanol is a major point that needed to be clarified. 

The effect of extraction conditions on the arnount of sinapine, sinapic acid and total 

p henolics measured is given in Table 5.1. The amount of sinapine, sinapine bisulfate, sinapic 

acid and the total phenolics daamineci using the extraction condition of refluxing with lW! 



CHAPTER V. HPLC METHOD 

methanol for 20 min were not significantly dinerent fiom these detennined using the 

emction condition of 7 W  methanol a 75 OC for 20 min, but were significantly higher than 

those determined using the other two conditions at 50 OC and 75 OC with l W ?  methanol. 

Table 5.1. Effect of extraction conditions on the contents of sinapine, sinapic acid and total 

phenolics of canola flour (dy basis) ' 

1000? methanol 70% methanol 

mg/g material 50 OC, 10 min 75 O C ,  20 min Reflux, 20 min 75 "C 20 min 

Sinapine 10.8510.26~ 10.65I0.07~ 12.0M.72A 1 1 .74M.9gA8 

Sinapine bisulfate 14.24I0.34~ 13.9W.1 le 1 5 . 8 e 1  -04" 15.4W1.3 lm 

Sinapic acid 0.36I0.05~ 0.34M).0sB 0.4910.04A 0.41)I0.03* 

Total phenoiics 2 8 . 5 ~ 2 . 3  lB 26.7812.07~ 32.1e1. 1W' 34.3B1 .MA 

WLC) 

Total phenolics 28.84*2.78B 27.8412.09 35.19I3.1" 34.63*2.84" 

(Folin-Ciocalteu's ragent) 

a Mean of three replicatestSD. Row values with the sarne letters were not significantly 

different (p s 0.05). 

Moreover, 70 % aqueous methanol extract contained sorne proteinaceous material. 

Aithough the filtered aqueous methanol extract was directly and successfblly applied to the 

HPLC column in this research, it was suspected that the life time of the colurnn would be 
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shortened if a large number of samples was analyzed. On the other hand, 100.A methanol 

refluxing for 20 min appeared to not extract the protekaceou material. Tt w u  concluded that 

100% methanol, refluxuig for 20 min, was the best extraction condition and this condition 

was, therefore, used as a routine method for the extraction of the phenoiics. The other two 

methods gave incomplete extraction of phenolics. 

The total phenoiic contents estimated by HPLC coincideci well with the total phenoiic 

content determined by the Folin-Ciocalteu' s reagent method. 

B. Elution conditions 

HPLC resolution is d i  proportional to the dxerence between retention times of 

adjacent peaks over the sum of peak widths at the base of each peak (Macrae, 1982). 

Retention time is a thennodynamically controlled factor while peak width is a factor 

controlled by the kinetics of the solute. The goal of this study was to change the retention 

time by changing thennodynamic factors, (i-e., solvent composition) in order to obtain 

retention times dinerent enough for good resolution, yet in a short chromatographic period. 

1t was also obsmnd that a change in solvemt composition afFected the peak width of sinapine. 

Elution conditions were selected based on trial and enor methods within the limits of 

the chromatographic system. The conditions tested included several isocratic, linear and 

noniinear gradients, and the combinations of either two or al1 three of these gradients. Two 

elution conditions, gradient A and B (Fig.5. l), were selected. 

HPLC chromatograms of different samples under these two elution conditions are 
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shown in Fig.S.3~-b. The thrcc chromatograms (A, B .ad C) in each fiwe reprc~cn~ 

chromatograms of thce sunplcs h m  dioaa* OCtraCtjon conditions, includiiig 70.A aqucous 

methanol at 75 'C for 20 min, lW!' mabind r & d g  for 20 min and lW? merhino1 at 50 

O C  for 10 min. ïhc  chrormtogram of the sample extracteci with lW!% methano1 at 75 OC for 

20 min d l e d  that of the sa~nple atracted with 1Wh mcihnol a! 50 O C  for 10 min and 

is not shown 

Tbc numba ofp& duteci by the two pacbts  waa gamaily the mmc (Fig.S.3a and 

b). The combination of an ide and a bar gradient, gradient B ( Fig. 5.3b), gave kna 

resolution than gradient A (Fig.5.3a), which is a combination of an isoartic, a linear, and 8 

concave gradient. How- the the q u i r a i  for gradient B (15 min) was longer than tht 

for @ent A (10 min). S i  remlution of sinapine and Pnrpic acid Born other compounds 

was good enough in both cases and gradient A required a shorter the, gradient A wu, used 

as a routine technique for the det d o n  of sinapine and sinapic acid content. Otha 

gradients tested in this study did not provide any betta rcsolution or any better pdc  dupc 

and they are not presented. 

Although the nimkr of pcaks eluted with u t h a  m e n t  was Jso the same for JI 

three samples exîmtd at dinaait conditions v1g.5.3a and b), there w a e  differences in pulr 

heights and areas for diffaent samples. The samplc actracted by refiuxing with lW/o 

methano1 had the largest p d c  a r a  for sinrpiac @erik 8) and riii.pic acid @eJr 5). w k e u  

sampla extractad with 7ü!! aqueous mezhraol hd the largcst .nrr for pcpk 1. 

W1th this mcthod, both sinapine and *pic acid are shown in the same 
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Fig. 5.3 a-b. HPLC chromatograms of diff«ent sarnples (A, B and C) using gradient A (a) 
and gradient B (ô). Sample (A), extracted with 70% aqueous methanol at 75 O C  for 
20 min; (B), extracted with 100 % methanol refluxing for 20 min; and (C), 
extracted with 1Oû% methanol at 50 OC for 10 min. Peak identifications: 5. sinapic 
acid, 8. sinapine; other pealcs were unidentineci. 
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chromatograms, and as a result, th& levds are comparable, since the ratio of their extinction 

coefficients at 330 nm has been determined to be 1 : 1.16. In addition to being fâst and simple, 

this direct comparison is another advantage of the current method over the conventionai 

methods. 

C. Ion-exchange 

To verify the peak identities of sinapine and sinapic acid and to classify the other 

peaks into Werently charged groups for possible peak identifications, the same extracts were 

separated using ion-exchange columns and anaiyzed using gradient A by HPLC. The extract 

was separated into neutral, anionic and cationic fiactions before analysis by HPLC. The 

chrornatograms of these hctions are shown in Fig.5.4a-d. Peaks 1 and 3 (Fig.5.4a) from the 

neutral M o n ,  which p a d  though anionic and cationic columns with water as the eluant, 

were possibly neutral compounds. Accordhg to Bouchemm et al. (1992), neutral compounds 

such as sinapoylglucose, 1,2 disinapoylglucose and sinapoylmalate have been found in 

methanol extracts of rapeseed flou. Peaks 2 and 5 (Fig. S.4b) corne fiom the anionic fiaction, 

which represent materials removed fkorn the anionic exchange column eluted with 1 M 

pyridie. Peak 5 was identified as sinapic acid. Peak 2 could also be an anionic phenoiic but 

was not identified, as was the case for the other umumbered peaks in the chromatograrn. 

Peaks 4,6 and 7 (Fig.S.4c), fiom the fim cationic fiaction eluted from the cationic exchange 

colurnn with 2 M acetic acidmethanol solvent, were possibly cationic compounds. Cationic 

compounds such as 4-hydroxybenzoylchoünc (Clausen et al., 1982) and sinapine-O-j3-D- 



Fig. 5.4a-ci. HPLC chrornatogtams of W o n s  vppntsd with ioa-excbnge 
colwnns. (a) ncutd M o n  ehited with waters (b) anioaic fraction dutcd 
with 1 M pyridine, (c)la donic M o n  clutcd with 2 M d c  
acid/methanol(lll, vlv), (d) 2- ationic M o n  eluted with methanol- 
Peak identifications: 5, Mipic acid; 8, sinapine; otha paks wae 
unidentSecl. 
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glucopyranoside (Larsen et al., 1983; Bouchereau a ai., 1992) have been found to be prescnt 

in seeds of some glucoPnolate-containing plants. Peak 8 (Fig.5.4d) fkom the second cationic 

fraction, eluted with 100.h rnethanol, was identified as sinapine. With the ion-exchange 

technique, it was verified that sinapic acid was in the anionic fiaction while sinapine in the 

cationic fraction. Other unknown peaks were grouped into dinerent charged groups. These 

peaks were, howewr, unidentifid at this point. Attempts were made to identify these peaks 

by spiking the methanol extnct of canola flour with standards of fenilic acid and pcoumaric 

acid (Appdix S. 1; 5.2), but none of the unknown peaks d d  be identined as either of these 

two compounds. Sirnilariy, none of the unknown puks could be identified as p 

hydroxybenzoic acid. 

According to FigSda-d, it can be seen that there was no evidence of other 

compounds that eluted at the same time as either sinapine or sinapic acid. This indicated that 

there was no risk of the contamination fiom other compounds, which could result in an 

overestimation based on peak area. 

D. Standard chromatograms 

HPLC chromatograms for the standard sinapine bisulfate and sinapic acid analyzed 

ushg gradient A are shown in Fig. 5.5. The four curves show chromatograms resulting fiom 

using the sarne injection volume (2 pL sinapine bisulfkte and 1 pL sinapic acid) but dinerent 

concentrations. The shapes of the peaks were symmetric with sinapic acid, but skewed to the 

leR for sinapine bisulfate. Clausen (1983) obtained a better peak shape with a Nucleosil CS 
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Fig. 5.5. HPLC chromatograms of a mixture of standard sinapine and sinapic acid. From 
top to bottom 200 pg/mL, 100ug/mL, 50 p g / d  and 25 pg/mL sinapine and 
sinapic acid each in a mixture of 3 pL injection volume (2 pL shpine and 1 pL 
sinapic acid). 
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column than a Nucleosil C 18 column when separating uornatic choIine esters. The present 

method, using a reverse phase C 18 column, gave good r w l t s  despite the uymmetric shape 

of the sinapine bisuirate peak. 

The retention times fiom the chromatographie studies are shown in Table 5.2. The 

analysis of variance showed that the retention times for sinapine bisulfate were sigdcantly 

dEerent @ s 0.05). Retention tirne increased as concentration decreased. On the other hand, 

retention times for sinapic acid were not sisnificantly diierent (p s 0.05). 

E. Calibration curves 

Peak areas in relation to concentrations of standard sinapine bisuwate and sinapic acid 

(calibration awes) are shown in Fig.5.6a-b. Linear regression analysis showed that for both 

sinapine bisulfate and sinapic acid there was a iinear relationship between peak a m  and 

concentration. Therefore, the dderrnination of concentration according to peak area is valid. 

Regression equations for the two compounds are as follows: 

sinapine bisulfate: Y (spn) =0.2022 + 4 x l ~ ' X  

sinapic acid: Y (spc) = 0.9597 + 4.8x1(rS~ 

where: Y (spn) = sinapine bisulfate concentration (pglmL), Y (spc) = sinapic acid 

concentration (pg/mL), and X = peak area (arbitrate). 



O J  
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Fig. 5.6a-b. Standard caiibration curves for (a) sinapine and @) sinapic acid. 
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Table 5 -2. Retention times in relation to concentrations of standard sinapine bisuifàte and 

sinapic acid (2 pL of sinapine bisuIfatc and 1 pL sinapic acid solutions) a 

Retention time (min) 

Concentration (pg/rnL) Sinapine bisulfate Sinapic Acid ' 

" Mean of six replicateeSD. 

' Colurnn values with the same letters were not significantly different @ s 0.05). 

F. UV spectra and extinction coefîicients of sinapine bisulîate and sinapic acid at 

detector waveIength 

W spectra of sinapine bisulfate and sinapic acid are given in Fig.5.7. The maximum 

absorbance wavelengths for sinapine bisulfate and sinapic acid were 332 and 322 nm, 

respectively. Since sinapine is the major phenoiic component of canoia/rapeseed, the detector 

wavelength was set close to the sinapine maximum (330 nm). In addition, this wavelength has 

been used in previous determinations of sinapine (Wang et al, 1998) and sinapic acid 

(Hagerman and Nicholson., 1982). To compare sinapine and sinapic acid on the same 

chrornatogran~ their extinction coeficients at the maximum absorbance wavelengths and at 
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Fig. 5 -7. W spectra of sinapine and sinapic acid. 
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thedeieaorW8Vid&wac-.'IbescvrLa~cürtedinT&le 5.3. n i c u t k t i o n  

d a a i t s  fm s i q h  bbuük and iarpic acid at 330 nm wae 2 5 W 3  .id 2147-1 cm- 

'mot1, -. Thacfwc. the absorbaace ofrinrpine wu 1-16 - hi* than tht of 

sinapic acid ( d e  concamrtioa basis). S i ,  tk sme paL areas for Yarp'i a d  sinapic 

acid on the chromatognun shouid indiate a mole ratio of  0.86 to 1. 

Table 5.3. nhximum absoibuice wavdengths and extinction co&cicnts of sinrp'm 

bisulfate and sinapic acid at and at detcctor wavelength &J in metbanol ' 

Sinapine bisuifate 332 251-3 2 5 W 3  

Sinapic acid 322 2 3 0  2147- 

G. Detcrminatioi of the phenolic contents o f  the methanol extracts from u n o i a  whole 

setd, industrial m d  and protein isolate 

The sinapine and sinapic acid contents of unola fiour, canola industrial meai and a 

protein isolate (PMM) wen detennined by XPLC using gradient A The r d t s  are given in 

Table 5.4. The sinapine content w u  12.03, 1 1.38 and 0.74 mglg for canola flour, indu& 

meal and the protein isolate, rrspectndy. Note that the results of the fiour and meal were not 

directiy comparable Mce the sources of the maaiels were diffbrent. PMM w u  isolued from 
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the sarne meal used in this research, therefore, after isolation, the PMM contained Iess than 

one tenth of its original sinapine. The variations in retention times were consistent with those 

observed for the standards. Also note that since standard sinapine bisuVate was used in place 

of sinapine, the results must be convcrted fkom sinapine biniltate to sinapine. The values of 

sinapine bisubte equivalents were also included in parentheses in Table 5.4. Retention times 

for sinapic acid were approitimatdy 3.4 min for aii the three materiais, sîmiiar to that seen for 

the standard. 

Accordhg to the literature (Shahidi and Naczk, 1992), a higher content of sinapine 

was found in Br-ca  pus rapeseed cultivars (16.5 - 22.6 mg/& than in Bras.sicu 

cmpestns cultivars (12.2 - 15.4 mglg). In other studies (Blair and Reichert, 1984), 26.7 and 

28.5 mglg of sinapine were found in defatted rapeseed and canola cotyledons. In a 

colorimetric method using titanium tetrachloride for the determination of sinapine in rapeseed, 

the content of sinapine was 10.4 mg/g for rapeseed and 1.1 to 1.8 mg/g for rapeseed protein 

concentrate (Ismaif and Eskin, 1979). 

The total content of fra phenotic acids was only 0.06 mg/g of flour in the Indian 

cultivar, Yellow Sarson. Canadian cultivars, Candle and Tower, contained over 10 times this 

level, pnmarily due to the high levels of sinapic acid (kygier et al., 1982b). 

Therefore, the sinapine and sinapic acid contents determined by the current method 

are in the same range as vaiues previously reported in literature. 
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Table 5.4. Retention tiws and sinapine and sinapic acid contents of canola fiour, iadumid 

meal and canoia protein idaie (PMM) (dry buis) ' 

Source Retention Tune (min) Content (mglg) (Sinapine bisuihte) 

( m î m  

Flour 

Meal 

PMM 

Sinapic acid 

Flour 

Meal 

PMM 

a Mean of five repiicat&SD. 

In conciusion, the amnt mrhod provides a mrn< of sepPrrtine sinapine and sinapic 

acid fiom othei phaioîic. using a 10-min or a 15-min m e n t  on a reverse phase C 18 

column. Ion-exchange techniques in conjunctioa with HPLC anaîysis v d c d  tht  sinapine 

and snipic acid wac in cationic and anioaic Mons, respeaivcly, and that theu peah wen 
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not conuminited. ThU method rimplified the sample pnpantion d Ebro~utngnphic 

procedures in cornparison with ptCVi01w methods. in addition, the pah of sinrp'he ud 

sinapic acid cwld k mmprrsd on the SME chromotogram~. 



CHAPTER M. THE EFFECT OF PROCESSING CONDITIONS AND 

THE PRESENCE OF SINAPINE BISULFATE AND SINAPIC ACID ON 

THE COLOR OF CANOLA PROTEIN ISOLATE 



CHAPTER VI, COLOR OF CANOLA FLOUR AND ISOLATE 

ABSTRACI' 

The infiuence of phcnoiic mmpouds d pmasshg OOndjtions on the wlor of und. 

protein isolates and the &bct of autoclaving on dehulieû and whole scd canola f iou  wae 

investigated. Protein UoW prrpirnd using thrce dinércnt mibods, aqueous NaCl d o n  

with acidic precipitation (AAP), aquecnis NaCl adnaion with prccipitation by diiution 

(Pm and basic aûraction with acidic precipitation (BAP), were compared for theV colon 

and phenolic profiles In addition, M I p i  bisulhte and sinapic acid wae added to a protein 

isolate containing minimum phmolic levds, and wlor ad phmoiics cvaiuated foiiowhg 

autoclaving or basic extraction simulatecl conditions Autoclaving reSuIted in a sigdicant 

dackening of both flours. The addition of sinapine bisulhte d u h g  autoclaving i n c r e d  the 

darkening slightly wbile the addition of sinapic acid increascd the intensity of yellow 

component. The isolate prepared with the BAP procedure gave the darkest color with the 

highest level of sinapine. The addition of sinapine bisulhtc or sinapic acid prior to the 

exposurr to aikaii, howeva, did net have a m e  impact on the color of the canola protein 

isolate. The darbing during rlLJinc exîmction, thetdore, w u  probably not due to sinrpine 

or sinapic acid or compounds produced fkom these phenolics under basic conditions. 

Key Words: aikali, autoclaving, basic condition, canola protein isolate, wlor, phenolics, 

processing, sinapic a d ,  sinapine. 
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INTRODUCLION 

To inaeuc the uses of tanola protan, the causes of a duL color for the meai and the 

canola protein isolateci during processing need to be investigated. The effect of rome 

p r o a s h g  d o n s  on the d o r  of canola protein isolate bas been investigated by s e v d  

researchen (Young5 1991; Keshavarz et ai., 1977). Durmg seed amiction to remove oil, 

the severe maist-heaî treotment in the cookcr and the dwolvcntizcr, darkened the meal color 

and denatund the protein (Youngs, 1991). When s e v d  prOCCSSin8 conditions wae 

comparai during canoia protein isolation, hi* pH conditions produceci a darker isolate than 

did lowa pH conditions (Keshavan et ai., 1977). Even when a protein micellar mrrr @MM) 

procedure was anployed, whae the a tmdon and precipitation were conducted at an acidic 

condition (Pnwd pH 6). the wlor of the product wss ofbn not as iight as desireci for food 

uses. Chernical modifications such as acetylation and succinylotion appeared to improve the 

color of the PMM (GNeaa and Izrmond, 1997a) in addition to theù & '  on hctional ad 

physiochemid pmpedes of the PMM (Gnicna and Ismond, 1997b). Many previous reports 

frrquently attributcd the dark wlor to the presence of phenolics (Shahidi and Nwk, 1992; 

1995). However, there appeared to be no report on whctha YnspiOe and sinapic acid, the 

major phenolica in canoia, were directly responsible for the da* color of these products. 

Neither had there hem any interpretation wncenwlg how the wlor compounds w a t  

developed. 
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In a series of ïnvestigation~ 100kbg at the structurai changes and coloration of canola 

phenolics, the structurai changes in Pnrpic acid during autoclaving wae f d  to produce 

several colored compounds thit caused a coloration for the system (Cai et ai., 1999.). 

Howeva, neitha structural changes nor color developmmt were found in sinapine bisulfhte 

solutions under the same d v i n g  conditions. In view of the fira that the content of Suirpic 

acid in the meal is ody around 0.4 mglg while tht of sinapine U as high u 12.0 mg/& it k 

of interest to d d a m n t  the contrahm of these pbmolics to the d o r  of the protein isolates. 

An investigation on the phnoLu in dctcmmmg . . 
the color of the m d  and protein systaiw 

may provide Wha insights into the mccbanism of cdor devdopment. 

Apart fiom the uitoclaving experiments, controvasi~ were ais0 noted for the role 

of suiapi and PMpic acid on the color of protein isolntrA during alkaline isolation. A duk 

isolate was prodliced at aücahe conditions (pH 10) within one hour of extmction, while the 

2,6dimethoxyi-pbauoqiillione, a d o r d  compound ftom sinapic acid during air oxidation 

at pH IO, was not d e t d  until 169 houn in phosphateboric acid buEers or 72 hours in 

ammonium bicarbonate b & i  (Cai a ai., 1999b). Structunl changes and color intensity in 

sinapine b i i  solution wac mticcable afkr 24 hows (Chipta N). These results secmed 

to indiate that the developmmt of colorai compoundr h m  sinapic acid or sinapine biailfue 

required a t h e  mrh longe thn that needed for protein isolation. This may further indicate 

that the dark colored m d  and protein isolate wae not caused by the structural changa of 

s i n a p ' i  and Pllispic acid. Thae U a aocd to daanlnc the &kt of proceshg conditions and 

the presence of sinapine and sinapic acid on thc cdot of m d  and protein isolate. 
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In  the present rescarch, the protein isolates fiom several isolation procedures were 

compared for color, phenolic and protein contents to evaluatc the effe* of processing 

conditions on the color of canola protein. The effects of autodavhg on the color of canola 

flour were investigated in both whole seed flour and dehulled canola flour. The effect of 

sinapine bisulfate and sinapic acid on the color of protein isolate was detennined by 

conducting severai eKpaiments under autoclaving and alkaline d o n  conditions using a 

mixture of protein isolate and phenolics. 
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MATERIALS AND METBODS 

A. Sources of materiah 

Sinapic acid (3,s-dimethoxy~hydroxycinnamic acid) was purchased from Aldrich 

Chernical Co. (Milwaukee, Wi). Sinapine (3,54ime&oxy4hydroxycinnamoyl choline) was 

isolated nom Simpis a k  certifieci seed from Tilney Mustard crop as sinapine bisulfate 

accordhg to the method outlined by Clandinin (196 1). Parkland canola seed, a variety of B. 

campestris, was provided by ConAgra Seeds (AB, Canada). Canola meal was provided by 

CanAmera Foods (Fort Saskatchewan, AB, Canada). Foün-Ciocaiteu's phenol ragent was 

purchased from Sigma Chemicai Company (St. Louis, MO). Acetic acid and sodium 

hydroxide were verified ACS-grade and obtained hom Fisher Scientific Co. (Nepean, ON, 

Canada). The methanol used for canola phenolic extraction and HPLC analysis was HPLC- 

grade. AU 0 t h  chemicals, unless stated othenvise, were verined ACS-grade and purchased 

fiom Fisher Scientific Co. (Nepean, ON, Canada). Distilled water was used for protein 

isolation. 

B. Protein isolation 

Protein isolates were prepared from canola meal following three methods described 

below: 

a. Aqurous NaCl estraction with acidic precipitition (AAP method, Owen et al., 1972) 

Ten gram of canola meai were d i sperd  into 100 mL of 0.5 M NaCl solution. The 
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mixture was stirred mechanidy for one hour at room temperatun (22 OC). The slurry was 

centrihiged at 3000xg for 10 min at 5 O C .  The supernatant was coilected and the solid 

discarded. 

ï h e  pH of the supernatant was adjusted to 2.5 with 6 M HCl to precipitate the 

proteins which were ailowed to settle. The supernatant fiuids were then decpnted and 

discarded. To remove impurities, the protein precipitate was washed three times ushg 150 

m .  of fiesh water for each wash. The final precipitate was centrifbged at 3000xg for 10 min 

at 5 OC. After the liquid phase was removed, the solid phase was fieeze-dried to yield the 

protein isolate. 

b. Aqueuus NaQ extraction with pmipitation by dilution (PMM method) (Murray 

et al., 1978; Ijmond and Welsh, 1992) 

Canola protein isolate was prepared according to a protein mic~llar mass (PMM) 

procedure outlined by Murray et al. (1978) and modified by Ismond and Welsh (1992). Meai 

samples weighing 3.5 kg were stirred with 35 L of 0.5 M NaCl solution for four hours to 

extract protein in a large kettle equipped with an overhead lighting mixer. The exmicted 

protein solution was centrifuged to remove the solid residue using a Sorvall Refngerated 

Centrifùge (mode1 RC-3, Ivan Sorvall Inc. Norwalk. CT., USA) at 5 O C  and 3,000xg for 12 

min. The solution was then concentrated with an Amicon HoUow Fiber cartridge 

ultrafiltration unit (Hl OP30-20, Amicon Corporation, Danvers, M& USA) with a 30,000 

molecular weight cut-O& operating with an inlet pressure of leu than 140 kPa (20 psi) and 
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a back-pressure of 50 kPa (0.5 bar). The volume of the solution was reduced approxirnately 

16 fold. The concentrate was then diiuted by 15 times its volume with wld top water to 

produce the protein micellar mau, which was then collected by centrifiigation and fieeze- 

dned to yield the protein isolate. 

c. Basic extraction with icidic pmipitation (BAP mcthod) (Giliberg and Tomdi, 

1976a; 1976b; Keshavrn et al., 1977) 

Tai grams of canola meal wae dispersed into 100 mL distüled water. The pH vdue 

of the sluny was adjusted to 8.5 or 10 with 1 NNaOH. The mixture was stirred mechanicllly 

for one hour at room temperature (22 O C ) .  The pH value was readjusted several times to 

ensure that it remaineci at the rquired value. The nnal sluny was centrifiiged at 3000xg for 

10 min at 5 O C .  The supernatant was collected and the solid discarded. 

The supernatant was adjusted to pH 4 with 1 M HCI to precipitate the proteins, which 

were allowed to settle. The iiquid phase was then decanted and discarded. To remove 

impunties, the protein precipitate was washed three times using 150 mL of fresh water for 

each wash. M e r  the liquid phase! was removed, the final precipitate was centnniged at 

3000xg for 10 min at 5 O C .  The solid phase was fieeze-dried to yield the protein isolate. 

C. Preparation of canola flour for assesring the effect of autoclaving on the coior of the 

nour 

Both dehulled and whole seed flours were prepared from whole canola seed. 
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Dehulling. About 500 g Parkland canola seed were heated at 70 OC for 20 min in a 

constant temperahin cabii (Stabii Therm, Blue MElectric Company). The seeds were then 

cooled for about 10 min before applying a gentle force by roliing the s d s  with a beaker to 

crack the seeds. Furiha sepration of hulls and kemels was done by hand. Both clean kernels 

and hulls were kept in dean bottles for fiirther experiments. 

Grinding and extraction. Both dehuiid and whole seed fiours were prepared by 

grinding the whole seed or dehulled kemel in a grinder (Scientific Industrial Inc. Bohemia, 

NY) for 1 min, extrading the ground mataial with hexane for 16 h in a Sohxlet apparatus and 

re-grinding the defatted fiours for 1 min. 

Autoclaving. Autoclaving was wnducted using an AMSCO Eagle 3000 Senes 

Sterilizer (American Sterilizer Company, Ho PA). Tirne, temperature, and pressure were 

controlied autornaticdiy. A gravity mode1 was used for the autoclaving of the sarnples, where 

no liquid water was added during autoclaving. Temperature and pressure were routinely set 

to 121 O C  (250 F) and 0. 1 MPa (1 5 Psi). 

D. Determination of protein content 

The protein content was determined by a Kjeldahl nitrogen method using a Kjeltec 

Auto 1030 Analyzer (Tecator AB, HOGANAS, Sweden). 

E. Determination of the color of protein isolater 

The color of the protein isolates was detennined with a HunterLab ColorlDifTerence 
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Meter, mode1 D25-2 (Hunter Associates Laboratory, Inc. Fairfax, VA. USA). 

F. Determination of soluble and insoluble-bouid phenolia 

Krygier et al. (1982) grouped the canola phenolics into three cotegories, i.e., frse 

phenolics (e-g., sinapic acid), esterified phenolics (e.g., sinapine) and bound phenolics (e.g., 

tannin). In the curent shidy, the tenns soluble and insoluble-bound phenolics as defineci by 

Hahn et al. (1983) are used. Soluble phenolics are therefore defined as phenolics soluble in 

methanol (e-g., sinapic acid and sinapine), and the insoluble-bound phenolics are dehed as 

phenolics liberated iffer alkaline hydrolysis (e-g., sinapic acid liberated fiom KU wall). 

Soluble sinapine and sinapic acid were determined using a rapid HPLC method 

(Chapter V). The determination was calibrated using sinapine bisulfate and sinapic acid 

standards. Total soluble phenoiic and insoluble-bound phenoiic contents were also determined 

by both the rapid HPLC method (expressed as sinapine bisulfate equivalmt) and by Folin- 

Ciocalteu's ragent method ( Velioglu et al., 1998; Pearson, 197 1; Swain and Hillis, 1959) 

(expressed as tannic acid equivalent). Unless stated othenvise, 100% methanol was used as 

solvent for the phenolic extraction h m  flour and meai. 

Samples for d g  the insoluble-bound phenolic content were prepared according 

to the procedure outlined by Krygier et 11. (1982b). The canola meal was washed 3 thes  with 

70% aqueous met~nnol and another 3 times with 70% aqueous ethanol(1/100, wlv) at room 

temperature. FiAy mg of this washed canola meal were then hydrolyzed with 5 mL (11100, 

W/V) 4 N NaOH for 4 houn under nitrogen at room temperature. After hydrolysis, the 
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mixture was acidified to pH 2 to precipiîate any proteineaous matenals. The supernatant was 

collecteci and centrfigeâ at 3000xg for 10 min at 5 O C  to remove any solid materials. mer 

centrilugation, the supernatant was used for phenolic detemination as describecl above. 

G. Assessrnent of tbe effeet of sinapine bisulfate and sinapic acid on the color of protein 

isolates 

The starting material used to examine the effms of added phenoiics was an isolate 

prepared ushg the AAP method (Owen a al., 1971). The protein isolate was extracteci with 

methanol several tirnes until no sinapine or sinapic acid were detected. Twenty mg of sinapine 

bisulfate or sinapic acid were added to and throughly Mxed with 2 g of the phenolic free 

protein isolate. niese mixtures were used to conduct two experiments designed to sirnulate 

processing conditions. 

a. Simulation of basic extraction with acidic precipitation. Three sarnples were 

used in this study: protein isolate containing no phenolics ( u d  as a wntrol); protein isolate 

containing 1% sinapine bisulfate; and protein isolate containing 1% sinapic acid. For each 

sample 2 g were dispersed into 100 mL water, the pH adjusted to 10.5 with 1 N NaOH 

solution and stirred for 1 hour, 5 hours and 24 hours. The pH was readjusted several times 

during the simulated extraction to maintain a constant value of 10.5. M e r  the simulated 

extraction, the pH of the mixture was adjusted to pH 4 with 1 M HCl, and the protein 

precipitates were ailowed to settle. The supernatant was removed by decanting. The 

precipitate was stored in the renigerator ovemight before fieeze-drying. m e r  freue-drying, 
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the protein isolates were analyzd for color and phenolic contents. 

b. Simulation of iutodiving. Using the wune rampler, 2 g of each w m  autodavcd 

for 15,30 and 45 min, respectively, at 121 OC (250 F) and O. 1 MPa (1 5 Psi) in an AMSCO 

Eagie 3000 Series Staiosa (American Stailuer Company, Honhmi, PA). After autoclaving, 

the protein isolates were analyzed for color and phenolic content. 

H. Statistical analysis 

Each reported value was the mean of thra replicates. The analysis of variance and 

Duncan's multiple range test were performed using the SAS System for Wmdows (version 

6.12) statistical procedure. 
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RESULTS AND DISCUSSION 

A. Effmts of extraction procedures on the color of unoh  protan isolate 

The deds of extradon proccdirrs on the color of d a  protein isolates uc shown 

in Table 6.1. Basic actnetioa with acidic precipitation (BAP) producd prote  isolrrta with 

the lowest L values while aqueow NaCl cimiction wiih .Qdic precipitation (AAP) method 

produced a protein isolate with the highest L d u e  ud thereforc the brightest product. Brçed 

on a comparison of the a vahies, WC QdraCtion htemi6ed the r d  color component (positive 

a dues)  whik aqueous N.CI a t m d o n  miarrifed the green component (negative a values). 

Based on the b values, thc most intense yellow color w u  obtaincd for the extraction at pH 

8.5 whiie the least intense was with the PMU prdure .  ûverall, the app.prance of the pH 

10 isolate could be describeci as dark brown, that of the pH 8.5 isoiatc deep yeiiow, that of 

PMM isolate light h w n  and thaî of the AAP isolate grey. It is clear, therefore, that protein 

isolatexi using the basic d o n  with acidic precipitation w u  the darkcst while the isolates 

preparcd uoing aquams NaCl adradion with iadic precipitation wae  lighta. The AAP and 

PMM procedures di&r primuily in the mahod of protQn precipitation. The precipitation of 

the former was rapid, and imrnediately foiiowed the extradon. On the other hnd, the 

precipitation by dilution rcquired in the PMM procedm teck much longer and the extract 

had to be concentratcd ushg ultrafiltration pnor to pncipitation. The longer time rcquircd 

for concentration and precipitation may have cauW the color to k darker than the AAP 
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sample. 

Table 6.1. Effkct of processhg condition on the color of CUIO~ protein isolate ' 

Procedure Color Protein content Ykld % ' 
(%Nd. 8) 

L a b 

AAP 7 1 .7Ml.3A -2.5dl.F 1 4 . m . P  78.17&.94A 2.6 

P M M  59.711 .O8 -1.3t0.3~ 10. 1&SC 78. I l&.  1ïA 1.4 

BAP (pH 8.5) 48.811.2' 0.8t0.4~ 19.9îû.6A 66.05a. MB 1.8 

BAP (pH 10) 3 4 . ~ a . 7 ~  0.6&2* 12. 1 4  6 4 . M .  1 F  3.8 

a Three replicateSD. Column values with the ruae lctters wae not sigdicantly different 

(ps0.05). 

AAP = aqueous extradon with acidic precipitation, BAP = basic extraction with acidic 

precipitation, PMM = protein miccliar mur (aqucow extradon with precipitation by 

dilution). 

' Yield is ôased on a coniprrison of the d g h t  of the protein isoiate recovered to the original 

weight of meal used. 

The yidd of the protein isolte from the pH 10 BAP mahod was the highest, with a 

yield fiom the AAP anci PMM procebrrs somcwk lawa (Table 6.1). However, the protein 

content of this basic protein isolate was oniy 64.6%, Iowa in cornparison with protein 

contemts of apprownateiy 78.2% for the AAP and PMM kolata. This indicated that the high 

yield obtained with the basic cxtmction at pH 10 may be uused by atroction of more 

179 
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impunties under basic coodition Basic extradon at pH 8.5 auscd both a low pmtein content 

(66.05%) and a low yield (1.8%) for the isolate. This is not always the are as Kesham et 

al. (1977) rcported r high protein content for the protein isoiatc fkom basic aaraction. 

Rsults fiwn the anaiysis of soluble phenolics of the above protein isolates are givcn 

in Table 6.2. The total soluble phenolic content of the BAP isolate wu about 3-5 times higher 

thanthai ofAAP a d P M M ~ w h m ~ t h e v r l u c s  obtUncduhg HPLC orthc 

Folin-Ciocalteu reagcnt methd. In addition, proteins with aikaii hd sinapiine 

contents more than twice those of the AAP and PMM isolatu. Therefore, basic conditions 

extracteci more phenolics and higher levcls of impurities (Table 6.1). It is llro possible that 

some pigments of sced origin or pigments developed during oil& proceshg wodd k 

easily extractecl under basic condition and thU could partiy account for color obsawd for 

these protein isolates. Sinapic acid levels were simiiar for ail four isolates. 

The total phenoic conuatr ddanMcd by Folin-Ciocdteu's mgais wae much higher 

than those detennined by HPLC. However, the trends of the results for both methods were 

similar. 

Qualitative msub of the H P E  chromtograms of the vMous methano1 artrads fkom 

the four difEerent protein isolates were givm in Fig.6.1 (ad). As notcd above, the sinapine 

content of the BAP isolueo (Fg.6. I d )  was c l d y  much highu than those of the PMM and 

AAP isolates (Fig.6. la-b). The chromatograms of the AAP isolate and B A . isolates al- 

showed muiy s d  unidentifiecl perlce More the elution time of 6 min. It w u  possible that 

the addition of acid or akaii during the isolation produccd new substances. 
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Table 6.2. Soluble phenotic contents of protein isolate a 

Procedure Soluble phenolics (mglg) 

Sinapine Sinapic acid Total Total ' 

AAP 0.45&. 12' O. 18&.07" 2.95a.79' 5.67~.22' 

PMM 0.74a.298 0.20&.04" 2.22&. 13' 6.84î0.98C 

BAP(pH8.5) 1.62t0.24" 0.21r0.03" 8.22a.28 14.03t0.98~ 

BAP (pH 10) 1 .74t0.ZA 0.23fl.02" 10.42&.79* 17.66rl.23' 

" Three replicatePtSD. Column values with the same letters were not significantly dinemt 

@ s 0.05). D e t e h e d  by HPLC. ' Determineci by Folin-Ciocalteu's ragent method. 

Abbreviations as in Table 6.1. 

B. Effect of autoclaving on the color of canola flour 

The &ect of autoclaving on the color of the whole seed and dehulled canola flour is 

shown in Table 6.3. The lightest (highest L value) was obtained fkom the untreated dehulled 

flour. The inclusion of huU component in the whole seed flour produced a darker flour. The 

effect of autoclaving, howewr, was the same for the two floun. There was a decrease in the 

L value and an increase in the a value as the time of autoclaving increased. The b value did 

not change significantly. Therefore, the flours darkened and becarne more red as a result of 

the autoclaving treatrnent. While the dehulled flour was still lighter than the whole seed flour 

d e r  45 minutes of autoclaving, the dierence was not as great as was seen for the untreated 

seed. 



Fig. 6. l a-ci. HPLC chromatograms of methanol extrac& h m  PMM (a, 100 mg 
PMMIS mL methano1 4 pL injccted), M P  @, 50 mg AAP/12.5 mL methanoi, 5 
pL injected), and BAP pH 8.5 (c, 50 mg BAPIl2.S mI. mchanoi, 5 pL injected) 
and BAP pH 10 (d, 50 mg BAP112.5 mL rnethlllK)i, 5 pL injecteci) Uolates. Peak 
identifications: 1. sinapic a d ,  2. wirpie, o h  p d s  wae unidentifieci. 



Absorbance (330 nrn) Absorbance (330 nm) M a n c e  (330 nm) Absorbance (330 nm) 
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Table 6.3. Effect of time on the color of C I I K ) ~  flour during autoc1.ving ' 

Dehded canota flou 

Three repliata&D. Column vaiuer with the rvne l a t a s  w a e  not sienifiumntly 

different (paO.05). 
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Changes of the soluble and insoluble-bound phenoiics as a results of autoclaving are 

shown in Table 6.4. Ail soluble phenoiics were higher in the untreated dehuiied flour. 

Although the presence of huli material gave a darker color (Table 6.3). the hull component 

has been reported to contain a lower level of phenolic compounds than the kemel (IQygier 

et al., l982b). As a result, it is not surprising that the removd of hulls gives a produa in 

which the level of various phenolic wmpounds is clevated. 

The effects of autoclaving were Smilar for both the whole and dehulied canola flours 

(Table 6.4). There were signifiant decreases in the total soluble phenolics (for both HPU: 

and the Folin-Ciocalteu methods) and in sinapine contents for both flours, and the greatest 

decrease came during the first 15 minutes of autoclaving. A signifiant decrease in soluble 

sinapic acid was not seen with the whole seed flour. Perhaps the lower levels of sinapic acid 

in the unheated whole seed flour made it more difncult to  find significant dinerences. The 

levels of sinapic acid for both flours were considerably lower than the sinapine levels. 

For both flours, the reduced levels of soluble phenolics were accompanied by an 

increase in the level of insduble-bound phenolics, which was also most notable &er the first 

15 minutes of autoclaving. These results indicate that during autoclaving =me soluble 

phenolics may have been converted to insoluble-bound phenolics. The mechankm of this 

conversion will reguire fùrther investigation. It has been reported previously that heat 

treatments can reduce the sinapine content but increase the lignan content of rapeseed 

flour.(Jensen et al., 1990). 
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Table 6.4. Effect of autoclaviq tirne on the soluble and insoluble-bound phenolic content in canola fiour " 

Time Soluble phenolics (mglg) insoluble-bound phenolics (rngg) 

(min) Sinapine Sinapic acid T O ~  Total ' Sinapic acid ~ o t a l  ' Total ' 

Whote canola flour 

12.M.22" O.49tO. 11" 32.5Oî1.13" 34.60t0.61" 0.08îO.02~ 1.71îO.06" 4.75t0.69 

10.97r0.w 0.43t0.03~ 21.151l.ld 25.89î1.68' 0.1210.02~ 1.82fl.17" 6.24&.81A 

10.59t0.74' 0.42t0.05" 20.42d.3d 25.20î2.w 0.13A0.03" 1.85I0.12" 6.9510.78" 

9.58&.43' 0.40t0.03" l8.56t0.93' 2 ~ . 7 b l . 3 3 ~  0.14t0.03~ 1 .92t0.0~" 7.60t0.78" 

Dehulled canola flour 

O 1 5.8410.46~ 0.7310.10~ 42.84î1 .77" 44.08~.  18" 0.08I0.02~ 1.0510.08~ 3 .24 iû .~4~ 

15 12.7St0.91B 0.43t0.03B 30.1L1.84~ 38.75t1 .38' 0.64t0.08" 1 .80t0.07A 6.72t1 .42" 

30 12.3 1î1 -06' 0.3 1t0.Oom 2 9 . 3 ~ ~ 7 7 ~  37.32î1 .48m 0.65H.08" 1.87H. loA 7.34t0.78" 

45 1 1 1 9 O.29t0.Mc 26.40k2.68' 33 Mp.24' 0.72î0.MA 1.93îO. 1 5" 7.95~0.72" 

" Three replicate&SD. Colurnn vdua within type of each flour with the m e  ktters were not significantly different (ps0.05). 

Detcrmined by HPLC. 

' Determined by Folin-Ciocalteu's ragent method. 
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Representative chromrtograms of thc methno1 exmctr &om dchuiied uad. flour 

before and &a autoclaving are &en in Fig.6.2.-ù, demomtdng the dcaare in palr 

height with autoclaving. A caiipuiron of the 95% ahnol (ttbrinoVwater, 95/5, vlv) extmcts 

fiom whole seed fiour and industrial meai (Fig.6.3a-b) shows that the palr heights for the 

indushial meai wae mch 10- than those for the whole seed flou Vig.6.3a-b). niis could 

be a result of the &cd of autoclaving demonsErrUed above. 

C. Effeets of sinipine bimlfitc and rinipic icid on the ador of  u n o h  protein irohte 

durhg simuiated buie extraction 

The e&ar of adâed sinapii bhubte and sinapic acid on the color of und. protein 

isolate during the simulltrA basic eranction are shown in Tabk 6.Sa After one hour of 

simulatexi buic exwadoq the L vdue of the matrd wur signüicantly lower than thor of the 

isolates containing 1% sinapine b i d e  and 1% sinapic acid @ s 0.05). A f k  5 houn of 

simulated basic extraction, the L value of the w n t d  decreased only slightly to 64.6 while 

those of the isolatcs wah 1% sinap'i bisulfàte and 1% sinapic acid wntinued to decrease ro 

thaî the L d u e  of the Ldrtc containhg 1% rinipne biailf.te wu signinuntly hi* but the 

L value for the isolate containhg 1% sinapic acid WU not Significantly dinkrent nom the 

control (p r 0.05). 
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Fig. 6.2a-b. HPLC chrornatogruns of 1 W/o methno1 adncts ftom kanci flou bdore (a) 
and after @) autocliving. Peak identifications: 1. sinapic aci4 2. sinipine, otba peaks 
were unidentified. 
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Fig.6.3 a-b. HPLC chromitognms of 95% ethanol extmcts fiom wholc seed flour (a) and 
industrial meal (b). Peak identifications: 1. riiupic a d ,  2. sinapine, other peilrs were 
unidentifieci. 
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Table 6.5a E&d of aiippinc bidfiue and sinapic rcid on tbe color of amoh protein isolate 

during basic extraction '. 

Phenolic Colot 
added 

L 8 b 

Control 69.6M.5 -1.7M. 1 12.M.2 

O 64.W0.3' -1.7M.2" 12.7M.2" 
1% SPN 67.7M.2A - 2 . M .  la 13.1H.6" 
1% SA 66.5M.3B -1 .M. lA 1 2.4M.4" 

O 64.6M.2' -1 .M. lA 1 1 .7MUA 
1% SPN 6~.saO.2~ -1.8W.2A 1 1 .7M.2" 
1% SA 6 4 . ~ . 2 ~  - 1 . 7 ~ .  lA 1 1 .4M.4A 

O 63.310.2' -1 .M. lA 10.5M.2" 
1% SPN 64.5Ml.5' - l . W . l A  10.3M. 1" 
I%SA 66.W. lA -1.Sf0.2~ 10.2Io.2" 

Three replicatestSD. Column d u c s  with the yme lcttar w a e  not sienificantiy 

difEerent (po0.05). SPN = Sinapine bisulfite, SA = Sinrpic .Cid, O = No phcnolics. 

Afta 24 horn*s, the L vahit of the contrd daaeiised to 63.3 wiiile those of the isolates 

with 1% gnaPine bisulfate and 1% sinapic acid wcre sienificantiy higha (p s 0.05) with the 

highest value usociatcd with the Uolate contiining 1% sinapic acid. With the acception of 

190 
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a decrease in the a value for the idaie containing 1% sinapine bisdfbte .Aa 1 h, the a ud 

b d u e s  of the b h t c s  with d wahait phaiotics wac aot sigdbntiy d a f a a i t  @ s 0.05). 

These results indiutcd that dded rinipi bi-e ud Parpc icid did mt promotc 

darkening and, in fict, slowed d o m  the darkening process ( inacrred L value) of protein 

isolates particulariy during the 6rst hour of the acposa~~ to aücaü. Neither phenoiic had any 

negative e&d on the d o r  of the unoh protein isoLtc ova the 24hour period of the 

extraction period. 

The effect of tirne on the eolor of wid. protein isolate during basic extiraion cm 

be evaluated more closely by reorganhtion of the srmc data (Table 6.5b). For the contml 

sample with no phenolics, there wac signifiunt decrease in the L and b d u e  nom zero to 

24 hours with the greuest change ocaming in the first 1-5 hows. The a value r d m d  

unchangeci. Similar trends wae seen with the idaies wntainîng 1% sinapine biaiffite and 

1% sinapic acid. 

In addition to thc si@canî cncd of timc a d  the pnrcnce of either sinepine bisahte 

and sinapic acid, r d t s  f?om the analysis of (Appendix 6-54 e) indicatad a 

significant interaction ktwccn tirne a d  tk prrreaîe of eirba phcaolic in tamr of the L value 

and a significant interaction between tirne and the presmce of rinrpine birulfite in terms of 

the a value. This dernonstrates that the relationship ktwsai the L vaiue ud the addition of 

phenolic (or a value and the addition of sinapine b idhte)  difftled at the various times of 

exposure to the basic condition. 
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Table 6.5b. Wkct of time on the color of canola p r o t h  irdUe during basic extradon ' 

Controi (no pheaolics) 

- -- - - 

' Threc replicatesSD. Column dues with the rune lcttcrs were not sigdicantly 

difEerent (ps 0.05). 
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The effect of time of exposun to basic conditions on the retained soluble phenolic 

content in canola protein isolate is shown in Table 6.6. For the sample to which no phenolics 

had been added, the content of sinapine and sinapic acid increased slightly d e r  24 h but the 

total soluble phenolic content determined by HPLC and the Folin-Cidteu mahoci 

decreased. For the isolate with 1% sinapine bisuwate added, the sinapine level and the total 

phenolic content dccread sienific8ntly during the 24 hows of simuiated basic extraction. At 

the same time, there was a ugnincant increase in the sinapic acid content. 

The greatest loss of sinapine occurred during the protein precipitation step which 

foiIowed the extraction in the simulation exercise. At this point, sinapine was removed in the 

discarded supanatant. As a result the greatest changes were observed between zero and 1 h 

hour, when this precipitation step was first included. The hydtolysis of sinapine to sinapic acid 

could also account for some losses of sinapine that occurred after the fint hour of the 

extraction. A small amount of thomasidioic acid was also detected, which may also have 

denved fiom sinapine via sinapic acid. 

Similar trends were found for the isolate with 1% sinapic acid. Both sinapic acid and 

the total phenolic content decreased significantly afker 24 h of extraction. A small amount of 

sinapine was detected der 24 h, which was probably released fiom the seed. As was the case 

with sinapine, the greatest losses of sinapic acid probably occurred during protein 

precipitation. A srnail amount of thomasidioic acid detected after 5 h and 24 h of extraction, 

has been reported to be produced fiom sinapic acid (Rubino et al., 1995). 

In al1 three samples, the total phenolic content detemiined by Folin-Ciocalteu's 
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reagent mdhod wu mudi hi* tbui tht dctenniaed by the RPU: mctbod. How- the 

trends of the r d t s  werc similar for both metbods. 

Table 6.6. E f f i  of  t h  on the rctained roluble phenolic content in c a d a  protein isolate 

during basic extraction a 

1% Sinapic acid 

a Three replicateskSD. Column vaiues with the same Mers (A, B. C, or 33) were not 

significantly diffêrent (ps0.05). Determined by HPLC. Daermined by Folin-CiOcaltai's 

reagent method. ' A srnail amount of thomasidioic acid wu dcteded. ' At zero time 

muinirements on onginrl isolate with no aariction or protein precipitation. 
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The of medwol admctr of the m t i d  phedks ri différent madon 

tirnes are given in Fig.6.4a-c. 

D. Effkcta of sinapine bbulf'te and abpic  acid on the d o r  of a i o h  protein bolite 

during autoclrving 

The Cnrar ofddsd iapine aaithtc and sinapic acid on the color of canola protein 

isolate during autoch& ue b w n  m Table 6 . h  Amodmhg h d  a sienificuit d i  on the 

color of canola protein isolate e ~ i  when no p b l i c s  wae addd. The -est changes 

occurred during the firrt 15-min autocIsving with the L value dccreashg and the a ud b 

vaiues inaiea9ng. nie sampk contamq 
. . l % s i M p i n e ~ w a 8 w ~ y d U L e r ( I w r  

L due)  then eitha the contrd or the isoktc containing 1% sinapic acid. The b Mh» for the 

semple containing 1% sinapine bisulfktc wu not sienifiantly ciiffient fkom the sample with 

no added phenolics. The sample containing 1% Pnrpic acid, on the otha h d ,  &d the L 

value the same as or siightty hi- (45 min) than the conttol. Also the a dues wae sVnüu 

except at 15 min whae the 1% sinapic acid sampk wu slightly lear r d .  The b values for the 

1% sinapic acid semple, however, wen wnsistently highcr than the control or 1% sinapime 

bisulfate sample. This incrtase in the yellow cornpontnt is consistent with previous findings 

which indicated sinapic acid wuld produce wlor cornpunch during autoclaving (Cai et ai., 

1999a). 



-0.0024 - . 1 
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Fig.6.4a-c. HPLC chrornatograms of methanoi extracts fiom control isolate (a), isolate 
with 1% sinapic acid @) and isolate with 1% sinapine (c) &a basic artnbion. Peak 
identifications: 1. Thomasidioic acid, 2. sinapic a d ,  3. sinapine, other pcaks unidentifieci. 
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Table 6.7r Effects of sinapine birulfrte and Ynipic .Qd durkg autocIrving on the color of 

canola protein isolate' 

Phenolic 
added 

O 

1%SPN 

1%SA 

O 

1%SPN 

l%SA 

O 

l%SPN 

1%SA 

O min (control) 

15 min 

30 min 

50.3W.7" 4.m. l8 14.MSB 

4 8 . ~ ~ 3 ~  0.2f0.2A 1 4 . ~ .  lB 

50.3M.3" -020. l8 15.7f0.1" 

45 min 

a Three replicatesSD. Column values with the sune lettcrs wae not sigai f idy 

dinerent (ps0.05). 

SPN = Sinapine bisuffite, SA = Sinapic a d ,  O = No phenolics, i-e., control. 
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The of time dmbg au&dw@ on the cdor of cmdi protein isolate with addd 

sinapine b i t e  and sinapic acid is more asi îy  demoadnteû by mamngiq the same dru 

(Table 6.7b). 

Table 6%. The &êct of time d e  wtoclaving on the color of canoia protein isolate 

Contml (no phwücs) 

1% Sinapic acid 

- --- 

' Three replicatesISD. Column vaiues with the rune lctten wcrc not significantiy 

dïerent (psO.05). 
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It is also cleariy demonstrated fkom these data that the greatest changes take place 

dunng the first 15 min of autoclaving. While the samples continue to darken after this time 

(L values lower), the a and b values do not change. The a vdues mach theu highest values 

after 45 min but the b values for all three samples are at their highest values after 15 min. It 

would appear that changes in the later stages are altered fiom those in the early stages of 

autocIaving. This is most clearly demonstrated by the changes in the yellow component (b 

value). 

Results h m  the analysis of variance showed that the interaction effect between time 

and the presence of 1% sinapine b idà te  or 1% sinapic acid was signifiant for the L values 

but not significant for a and b values (Appendix 6.7d-e). 

The e f f i  of autoclaving time on the soluble and insoluble-bound phenolic contents 

of canola protein isolates containhg added phenolic is given in Table 6.8. For the soluble 

phenoiic content of the w n t d  (no added phenolics), sinapine content increased significantly 

during autoclaving, partiailady during the first 15 min. On the other hand, sinapic acid was 

detected only in small amounts at 15 min and 45 min. The total soluble phenolic content 

determine- by eitha HPLC or FoIUi-Ciocalteu method decreased significantly during the 45- 

min au toclaving, ah hough the levels were considerably higher with the Folii-Cioulteu 

method. For the insoluble-bound phenoüc content, sinapic acid and the total phenolic content 

increased significantly during the 4 5 4 n  autoclaving. 
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Table 6.8. Effect of autoclaving time on the soluble and insoluble-bound phenolic contents in the mixture of phenolic-protein isolate 

- - - - - - - 

Soluble phenolics (mglg) Insoluble-bound phenolics (mg/g) 

Tirne Sinapine ' Sinapic acid Total Total ' Sinapic acid Total Total " 

O Phenolics 

1% Sinapine bisulfate 

* Three replicatestSD. Column values within each leveVtype of phenolic with the m e  letters were not significantly diffmnt 
(psO.05). ~etetennined by HPLC. Determineci by Folin-Ciocalteu's reagent method. 
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For the soluble phenolic content of the isolate containing 1% sinapine bisulfate, the 

sinapine levd dropped signifjcantly over 45 min. Sinapic acid was daected fier 30 min. The 

total phenolic content demasecl signincantly. Both the total insoluble-bound phenolic content 

and insoluble-bound sinapic acid increased over the same period. 

For the soluble p h d c  contait of the isdate containing 1% sinapic acid, sinapic acid 

and total phenolic content deaased ovcr 45 min, whüe thae was a slight in- in sinapine 

content. As was the case for the other two samples, the insoluble-bound phenoüc content, 

including sinapic acid and total phenolic content increased signincantly over 45 min. 

For al1 the samples, the total phenoüc contents determined by Folin-Ciocalteu's 

reagent method were again much higher than those determined by HPLC. However, the 

trends in ternis of the e&a of autoclaving in the presence of dinerent phenolics were similar. 

Changes in phenolic contents in the mixtures of phenolic-protein isolates followed a 

sirnilar trend as was seen previously for canola flour. 

The decrease in soluble phenolics and the resulting increase in insoluble-bound 

phenolics corresponded to the darkening of the protein isolate, including the observation that 

the greatest changes occurred dunng the first 15 min. In addition, the samples to which the 

phenolics had been added showed unique changes in color with more sinapine bisulfate 

resulting in a darka color and more sinapic acid producing a yeilow color. While the increase 

in yellow color was show to occur for sinapic acid when exposed to autoclaving, sinapine 

bisulfate alone did not produce a wlor change. In this situation, a reaction between sinapine 

bisulfate and some other component in the protein isolate is probably responsible for the 
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reaction. 

From this study, it w u  wncluded thu basic a t m d o n  with acidic prccipitation 

produced a much duka protein isolate thm did rqucous NaCl extradon with mdic 

precipitation or precipiution by dilution. Whiie the sinipine content of the isolate prepared 

by basic -on was d d  in caaplrkoa with th Ld.tq the addition of sinapine 

bisulfâte and rinrpic acid to the holue prior to the arpaave to .urrlgu conditions of up to 

24 hindicatedthtddcdsnrpincaailhternd hapicacid did not have ane@vce&don 

the color of the cmdr protein isolate. Tbcst phcnoliu may not be w o r  fàctors responsi'ble 

for the dark color of the protein isolate proâuced using basic -on produres. On the 

other hand, autoclavhg daricenecl the color of both whde cecd flau and dehded aroh 

flou?. In both fiours, soluble pheaolic content d e  whik insolublabod phcnolic 

content incrrascd as a d t  of autoclaving. The addition of sinapime bisulfàte wu sbown to 

decrease the L value (color darkcned) of the protein isolate d e  sinapic M d  addition 

increased the b d u c  Wow mtensified) during the autoclaving. It should also be noted that 

autoclaving darkmcd the control which aMUMd minimum leveis of phenolics and no added 

sinapine bisulfkte nor sinrpic acid. 



CONCLUSIONS 

The objectives of this thesis have ban foaised on the role of the phenolics in wlor 

darkening during autoclaving and alkaline treatment, since these two conditions have ben 

associated with the diuk wlor of canola meai and protein isolate. A primacy objective has 

b e n  the examination of the color md structurai changes in pure sinapic rcid ud rinrpme 

under these two conditions. Autoclaring aused an iinacdirtc color darkening in Wupic acid 

aqueous solutions but did not have any negative e&a on sinapine aqueous solution. T b  

suggested that hapic acid wu mon susceptiik to color dukaiing than sinapine. How- 

the level of sinapic acid (0.04%) in canola m a l  is much lower than thaî of sinapine (1.2%) 

and t would be expeacd tbat chmges in sinapi would have a greater influence on the color 

of canola produds. It is po~~iblc thaî the d o r  dakenhg mech.nism of these phenolics in the 

meal is difFerent fiom those in pure phenolic systems. 

When exposeci to alkali, the sinapic acid a q u ~ u s  solution progressed fiom yellow- 

green to brown color as air oxidation continucd and produced colored substances includùlg 

the 2 , ~ e t h o x y ~ n e .  This w l o d  substance, however, was detected ody a f b  

169 hours, a tirne much 10- than that nomally required for protein isolation. Air oxidation 

of sinapine ocairrd at an cvai dowa rate thm for siaapic rQd. Accorciing to the reaction 

rate constants of sinapic acid and sinapine, air oxidation of the laîta is ova tm time dowu 

than the former. These rrsuhs suggested thrt the daric dor of protein isolates produced fiom 

alkaline extraction with acidic precipitation rnay not be caused by sinapic acid or sinapine, 



unless these phaioh bcbaved Mereatly in tams of color developmcnt in r merl system. 

The Ob- and sggestions rcsubg h m  the dmi on the pure phenolic systems 

were confirmed by conduaing aperiments in phenolic-protein systcms what the &kt of 

sinapic acid and sinapine on the color of canoia protein isolate was invdgatd. During 

autoclaving, the prescnce of 1% added sinapine bioulfatc resultad in a slight increase in the 

darkiess of the protein isolate. The addition of 1% snipc .Cid, on the other had, inacrred 

the yeiiow intaisity of the isolatc. While the nsutu of the addition of sinapic i a d  to r protein 

isolate appeared to duplicote the r d t  for pure sinapic aciâ, the d t  of the addition of 

sinapime bisulfktt tesulted in a darkening that had wt  bcm apparent +th the pure sinapine. 

Interactions between sinapime and proteias m y  m u n t  for sow color darkening for the 

system. 

Sinapic acid and sinapine, whcn apod to JlcJi with protein isolate, on the otha 

hanci, did not cause any dditional dulening for the color of the protein isolate. In fkct they 

appeared to have a positive &ect by siowing dom the dulaiing process. Overail, it un be 

conduded that the dpllr cdor of protein isoiatc rdt ing  fkom aikahe isolation is wt uused 

by changes in sinapic acid or sinapin. Thedore, fùrther work shouid foau on otha 

phenolics or other components that m y  cause the &rk color. 



1. A color change was found in siniipc d aqucous rduiion during autoclaviag. This 

appeared to be the fïrst report on wlor reactions for -la phenolics durhg autoclaving. 

These repctions produced severai colorrd cornpounds. A ydlow substance, syriasildehyde, 

was identified among the colored compounds. 

2. Consistent with the above hdhg, sinapic acid dded to a canoia protein isolate 

resulted in an inaeasc in the intensity of yeilow color during autoclaving. 

3. Sinapine bidfàte iloae was not Snected by autoclaving and causcd no color 

changes to its aqueous solutions. However, the presence of sinapine bisuifâtc did cause a 

darksiing for canola protein isolate dur* autoulving, suggesting that the color dul- 

mechankm for s h t p k  in pure sinep'ine b i  aqu80us soiutions may k different fiom that 

of sinapine in the Wupine bisulfate - protein systems. 

4. Alkaline air oxidation of sinapic acid and sinapine bisulfàte were first orda 

reactions. AUailinc air oxidations of ipnrpic uid were more than ten tirnes m e r  thn Jhlinc 

hydrolysis and air oxidations of sinapine. 

5. Colored products r d t e d  fiom .Uuüne air oxidation of sinapic acid. While 2,d 

dimethoxy-pbmzoquinone w u  a strong yellow substance, thomasidioic acid showed little 

color at neutrai pH and showed yeUowish green at pH 10. bhydroxy-5,7dimethoxy-2- 

naphthoic acid showed litde color at pH 7 - 10. 

6. Air oxidation of sinrpic acid and sinapime was so slow that it took more tirne to 

produce the colorcd substances than thaî nonnJly rcquired for protein isolation. Thacfort, 



neither phenolic had a negative effect on the darkening of canola protein irolaîe during 

alkdine isolation. 

7. A rapid HPLC method for the sirnultaneous determination of sinapine and sinapic 

acid has been developed. 

FUTURE RECOMMENDATIONS 

1. An investigation is needed to elucidate the undetermineci colored substances during 

the autoclaving of a sinapic acid aqueous solution. 

2. Work is neeâed to identify the colored substances associated with the all<aline Ur 

oxidation of sinapine. These colored substances were unidentified although color changes of 

the sinapine aqueous solution as a funaion of tirne have been detennined. 

3. Unidentified peaks on HPLC chromatograms 6om detennination of sinapine and 

sinapic acid need to be reexamined. 

4. As sinapine and sinapic acid appeared to contniute to the dark color of canola meal 

and isolate during autociaving, altering processing to avoid autoclaving should irnprove the 

color of canola meal and isolate. 

5. Since this research rules out the possible responsibility of sinapine and sinapic acid 

for the dark color of the canola protein isolate during alkaiine isolation, work is needed to 

identiQ the possible factors responsible for color darkening under this condition. 
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CHAPTER VII. APPENDIXES 



Appendix 2.1. EfEéct of t h e  on the Hunter L a b values of sinapic acid solutions 
during autoclaving O. 

T h e  (min) Hunter color value 

a Mean of three replicatestSD. Column values with the m e  letters were not 
signüïcantly Merent @ s 0.05). 



Appendix 2.2. W V A  o f  AQpendix 2.1. The e f f e c t  o f  t h e  on the  co lo r  o f  a 100 pg/mL 
s inap ic  ac id  so lu t i on  dur ing autoclaving. 

General L inear Yodels Procedure 

Dependent Variable: L 

Source 
Mode1 
E r ro r  
Corrected To ta l  

Dependent Variable: 

Source 
Mode1 
E r ro r  
Corrected T o t a l  

Dependent Variable: b 

Source 
Mode1 
Er ro r  
Corrected Tota l  

S u i  o f  
squares 

183.3375583 
7.8727 333 

191.2102917 

s u i  o f  
Squares 

15.6t326667 
0.74080000 

16.35406667 

S u i  of 
Squares 

426.4161000 
1 .a000667 

428.2161667 

man 
Square 

61.1125194 
O.Q84OQl7 

üean 
Square 

5.20442222 
0.09260000 

üean 
Square 

142.1387000 
0.2250083 

F Value 
62.10 

F Value 
56.20 

F Value 
631.70 

Options linesize=78; 
T i t l e  'Autoclaving e f f e c t  on co lo r  o f  sinapic acid, Table 2-1 ' ;  
Data; 

I npu t  T i i e  1-9 L 11 -19 a 21-29 b 31-39; 
Cards ; 
O 100.0 -5.8 6.2 
O 99.9 -5.6 6.1 
O 100.0 -5.7 6.2 
15 91.1 -8.8 17.6 
15 91.4 -9.1 18.0 
15 90.2 -8.5 17.0 
30 91 .O -7.7 20.1 
30 92.5 -7.2 21 .O 
30 90.0 -8.1 20 .O 
4 5 90.9 -7.9 20.9 
4 5 92.0 -7.4 21.5 
45 89.2 -7.9 20.3 
Proc GLU; 

Classes T h e ;  
Mode1 L a b = T i i e ;  
Means T i r e  / Duncan; 



K=lWSUMs'y=  0.094606 SUM 101 0.73 1061.375 1 154.81 4 1057.013 

CIE 1931 trîstlmulus vrlws 
X = K SUM oes% = 95.621 39 
Y = KSUM oesi = 1 OO.4127 
Z = K SUM o"soz = 1 09.2526 
Y.0.5= 10.02061 

HunGr L, 8, b values 
L = lO'Y.O.5 = 1w.2m1 
i =l 7.Sa(1 .MX-Y)/Y,O.S = -5.02764 
b = 7.0a(Y-0.847Z)N,0.5 = 5.501636 

CIE 1931 (X, Y)&oriutkity t o o r d h k s  
X =X/(X + Y +Z) = 0.31321 8 
Y =YI@ + Y + Z) = 0.328913 



K=lOO/SUMs"y= 0.094606 SUM 934.071 4 1000.862 889.1 254 1057.01 3 

CIE 1931 tristimulus valins 
X=KSUMo*r%= 88.36901 
Y = K SUM oS'y = 94.687n 
Z = K SUM o"soz = 84.1 1683 
Y,0.5= 9.7307H 

Hunter L, 4 b vdues 
L = 10Y,O.5 = 97.30764 
a =17S0(1 .02X-Y)tï.0.5 = -8.1 8529 
b = 7.O0(Y-0.047Z)iY.0.5 = 16.- 

CIE 1831 (X,  Y)ehromatlcyl coordhtes 
X=X( (X+Y+Z)=  0.330756 
Y =Y/(X + Y + 2) = 0.354405 



Appendix 2.4a. 'H NMR spectnim of the unknown sample, identifieci 
to be a mixture of sinapic acid and qringaldehyde. 

3 g- opg 0 O 0  %%mm 
O 00000~NO(V 
O,, ?"=!99Y??'? = & & m a -  i i t i o m ~  000 
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Appendix 2.4b. UC NMR speanim of the unknown sample, identifiecl 
to be a Mxaire of &pic acid and ryilligaldehyde. 
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Appendix 2.4~.  'H NMR spectmrn of standard qmhgaidchyde- 



Appendix 2.4d. 13C NMR s~pccaum of standard syringaldehyde. 

O 
m o o  "O 5 
-00 *m 

O %âcuo 
-00 -0 90? 

0%0011000 
9?9??1??? 688- &œ 68 œ m + a r m o o  

-O==& ma- tm 
(Yrs8UNh -wOmœz (Y - a, 'BE a 
r. 



O 2 4 6 8 10 12 14 
Time (min) 

Control 

-0.002 4 I 
O 2 4 6 8 10 12 14 

Time (min) 

Autoclaved 

Appendix 2.5. The Effkct of autoclaving on the structure of sinapine (shows no effm). 



Appendix 3.1. Concentration of sinapic acid, thomasidioic acid, 2 ,bdiethoxy-p 
benzoquinone and 6-hydroxy-S. 7-diethoxy-2-naphthoic acid as a function of t h e  during 
alkaline oxidation of 0.446 rnmoVL YMpic acid solutions in phosphate-bric acid bufférs of 
pH 7, 8.5 and 10 '. 

Time conc. (mmoYL) Time conc. (mmoüL) 
(hl 

 SA^ TA 

Tirne conc. (mmaVL) 
(hl 

 SA^ TA 

" SA = Sinapic Acid, TA = Thomasidioic Acid, BQ = 2,6-Dimethoxy-p-Bentoquinone, and 
NA = 6-Hydroxy-5, 7-Dimethoxy-2-Naphthoic Acid, nd = not detected. 

Reaction rate constant k value as in Table 3.1. 



Appendix 3.2. Regression output for la order and 2d order reactÏon fit of concentrations 
(mmoVL) vs reaction tirnes (hour) of sinapic acid in phosphate-boric acid buEers of pH 7, 
8.5 and IO. 

Constant 0.0828 
Std Err of Y Est O. 1649 
R Squared 0.9888 
No. of Observations 10 
Degrees of Freedom 8 

X Coefficient(s) O. 1753 
Std Err of Coef 0.0066 

Constant -14.4130 
Std Err of Y Est 19.0897 
R Squared 0.8465 
No. of Observations 10 
Degrees of Freedom 8 

X Coefficient(s) 5.0782 
Std Err of Coef 0.7647 

Constant 0.075 1 
Std En of Y Est 0.08 13 
R Squared 0.9925 
No. of Observations 10 
Degrees of Freedom 8 

- - -  

Constant 0.1581 
Std Err of Y Est 2.3 100 
R Squared 0.9324 
No. of Observations 10 
Degrees of Freedom 8 

X Coefficient@) 0.0905 
Std Err of Coef 0.0028 

X Coefficient(s) 0.83 14 
Std Err of Coef 0.0792 

Constant 0.0375 
Std Err of Y Est 0.0496 
R Squared 0.9796 
No. of Observations 12 
Degrees of Freedom 10 

X Coefficient@) 0.0308 
Std Err of Coef 0.0014 

Constant -103 .9770 
Std Err of Y Est 193.8545 
R Squared 0.6457 
No. of Observations 16 
Degrees of Freedom 14 

X Coefficient(s) 5 -3097 
Std Err of Coef. 1 .O5 12 



Appendix 3.3. Effect of tirne on the Hunter L a b values of 0.446 mmoVL sinapic 
acid solutions during oxidations in phosphate-boric acid buffers of pH 7.8.5 and 10 
a 

Time (h) 
-- - 

Hunter color value 

Control 

" Mean of three replicatesSD. Column values with the same letters were not 
significantly dinerent (p s 0.05). 
b Control = Sinapic acid in deionized water with a natural pH of 4.3 at zero time. 



Appendix 3 . 4 ~ .  ANOVA o f  Appendix 3.3 (pH 7 ) .  The e f f e c t  o f  a i r  ox ida t ion  t i i e  on the co lor  
o f  a 100 pgl iL  s inap ic  acid i n  phosphate-boric ac id  so lu t ion  o f  pH 7. 

General Linear Yodels Procedure 

Oependent Variable: L 

Source 
Wodel 
Error  
Corrected To ta l  

Dependent Variable: a 

Source 
Model 
Er ro r  
Corrected 1 o t a l  

Dependent Variable : b 

Source 
Model 
Er ror  
Corrected Tota l  

Options l inesizet78;  

Su i  o f  
Squares 

1 87.1 008667 
3.5378000 

190.6386667 

S u i  o f  
Squares 

17.40222500 
0.79986667 

18.20209167 

Sur of 
Squares 

297.385091 7 
1.6940000 

299.079091 7 

T i t l e  'Sinapic ac id  i n  o l ka l i ne  so lu t i on  pH 
Data ; 

Input  T i i e  1-9 L 11 -19 a 21-29 b 31-39; 
Cards ;r 

O 98.8 -5.3 5.6 
O 100.0 - 5.4 6.4 
O 98.8 -5.0 5.5 
18 96.3 -5.6 12.1 
18 96.8 -5.9 12.4 
18 97.4 -6.3 13.1 
2 7 96.2 -4.8 15.5 
27 96.8 -4.5 15.5 
27 96.0 -4 -2  15.6 
168 88.8 -7.8 19.3 
168 89.5 -7.3 19 .O 
1 68 87.7 -8.1 20.1 
Proc GLM; 

Classes Tiae; 
Model L a b = T i i e ;  
Veans T i i e  1 Duncan; 

b a n  
Square 

62.3669556 
O. 4422250 

b a n  
Square 

5.80074 1 67 
0.09998333 

&an 
Square 

99.1283639 
0.21 17500 

7, Table 3-1-1 ' ;  

F Value P r  = F 
141 .O3 0.0001 

F Value 
58.02 

F Value Pr  F 
468.14 O. O001 



Appendix 3.4b. M V A  of Appendix 3.3 (pH 8.5). The e f fec t  o f  a i r  oxidat ion t i i e  on the 
co lor  o f  a 100 p g / i L  sinapic acid i n  phosphate-boric scid so lu t ion of 

General Linear Yodels Procedure 

Dependent Variable: L 

Source 
üode L 
Error 
Corrected Tota l  

Dependent Variable: s 

Source 
Mode1 
Error 
Corrected Tota l  

Dependent Variable: b 

Source 
Mode1 
Error 
Corrected To ta l  

Su. o f  
Squares 

161.6964000 
17.8344000 

1 79.5308000 

Sui o f  
Squares 

12.82282500 
1.95406667 

17.77609167 

Sui o f  
Squares 

197.2083667 
4.1941333 

201 .4025000 

Uean 
Square 

53.8988000 
2.2293000 

üean 
Square 

4.27427500 
0.61925833 

Yean 
Square 

65.7361222 
0.5242667 

F Value 
24.18 

F Value 
6.90 

F Value 
125.39 

Options l ines ize=70;  
T i t l e  'Sinapic ac id  i n  a lka l ine solut ion pH 8.5, Table 3-1-2';  
Data; 

Input T i i e  1-9 L 11-19 a 21-29 b 31-39; 
Cards ; 
O 99.0 -5.9 8.1 
O 98.2 -5.9 7.1 
O 98.0 -5.6 7.9 
18 91.1 -6.8 14.4 
18 92.5 -6.1 13.6 
18 93.4 -6.5 14.7 
27 93.7 -6.9 14.1 
27 89.2 -9.8 11.9 
27 90.1 -8.1 12.5 
168 89.5 -6.1 18.7 
168 88 .? -5.8 19.0 
168 87 .O -5.2 19.5 
Proc GLM; 

Classes T i r e  ; 
Mode1 L a b = Tirne; 
Means T i i e  / Duncan; 



Appendix 3 . 4 ~ .  ANOVA o f  Appendix 3.3 (pH 10). The e f f e t t  o f  a i r  ox ida t i on  t h e  on t h e  
c o l o r  o f  a 100 pgliL sinapic ac id  i n  phosphate-boric ac id  so lu t i on  o f  pH 10. 

General Linear üodels Procedure 

Oependent Variable: C 

Source 
Mode1 
E r ro r  
Corrected T o t a l  

Dependent Variable: a 

Source 
Model 
E r ro r  
Corrected T o t a l  

Dependent Variable: b 

Source 
Model 
E r r o r  
Corrected T o t a l  

Options l inesize=78; 

Su i  of 
Squares 

264.2084667 
8.8420000 

273.0504667 

Su i  of 
Squares 

49.92996667 
1 .36020000 

51 -2901 6667 

Su i  of 
Squares 

84.41155833 
5.53126667 

89.g4282SOO 

T i t l e  'Sinapic a c i d  i n  a l ka l i ne  so lu t ion  pH 
Data; 

I npu t  Time 1-9 L 11-19 a 21-29 b 31-39; 
Cards ; 
O 98.5 -7.8 11.9 
O 100 -7 .4  10.8 
O 99.8 -8.6 11.7 
18 94.5 -6.1 12.0 
18 93.9 -6.6 12.5 
18 92.0 -6.8 13.0 
27 95.9 -6.5 12.9 
27 98.1 -6.2 11.1 
2 7 97.0 -6.0 11 .O 
168 87.8 -2.8 17.9 
168 07.1 - 2 . 4  18.9 
168 86.0 -2.1 17.0 
Proc  GLU; 
Classes T i i e  ; 
Model L a b = Time; 

Won 
Square 

88.0694889 
1 .1052500 

m a n  
Square 

1 6.64332222 
O. 1 7002500 

man 
Square 

28.13718611 
0.69140833 

F Value 
70.68 

F Value 
97.89 

F Value 
40.70 

10, Table 3-1-3 ' ;  

Means T i i e  / Duncan; 



Appendu 3.5. Effect of time on the Hunter L a b vaiues of sinapic acid solutions 
during oxidations in ammonium bicarbonate buffets of 8.5 and 10 '. 

Tirne (h) Hunter color value 

- - -. - - - - - - - - - - . - - - - - 

a M- of three replicatesSD. Column values with the same Mets were not 
significantly difFerent @ s 0.05). 



Appendix 3.6a. ANOVA o f  Appendix 3.5 (pH 8.5). The e f f e c t  o f  a i r  ox ida t ion  t i i e  on the 
c o l o r  o f  a 100 pg/mL s inap ic  ac id  i n  ai ionium bicarbonate bu f fe r  o f  pH 8.5. 

General Linear üodels Procedure 

Dependent Variable: L 

Source 
Mode1 
E r ro r  
Corrected T o t a l  

Dependent Variable: o 

Source 
&de l  
E r ro r  
Corrected T o t a l  

Dependent Variable: b 

Source 
Model 
E r ro r  
Corrected T o t a l  

Su i  o f  
Squares 

137.5973667 
6.4538000 

144.OSll667 

Sui  o f  
Squares 

24.71716667 
0.76080000 

25.47796667 

Sui o f  
Squares 

330.286891 7 
10.9870000 

34 1 .2?38917 

m a n  
square 

45.8657889 
0.8067250 

Mean 
Square 

8.23905556 
0.09510000 

~e an 
Square 

110.0956306 
1.3733750 

F Value 
56.85 

F Value 
86.61 

F Value Pr + F 
80.16 0 .O001 

Options l inesize=78; 
T i t l e  'Sinapic a c i d  i n  a l k a l i n e  so lu t ion  pH 8.5 (NH4), Table 3 -2-1 ' ;  
Data ; 

Input Time 1-9 L 11 -19 a 21-29 b 31-39; 
Cards ; 
O 98.0 -8.1 13.0 
O 97.0 -7.7 12.3 
O 97.8 -7.9 12.9 
1 93 .O -5.1 25. 1 
1 92.4 -5.2 27.8 
1 90.3 -4 -9  23.4 
3 93.1 -7.6 16.2 
3 92.1 -6.7 15.7 
3 93.6 -7.6 15.4 
72 88 .O -4.5 23.8 
72 87.6 -4.8 23.6 
72 88.7 -4 -2  22.9 
Proc GLM; 

Classes T i i e ;  
Model L a b = T i i e ;  
Means Time / Duncan; 



Appendix 3.6b. -VA of Appndix 3.5 (PH IO). The a f f e c t  o f  a i r  ox idat ion t u e  on th. 
co lo r  of i 100 pg/iL s i n i p l c  ac id  i n  amioniui bicarbonate ôuf fer  o f  p)( 10. 

General Linear üodels Procedure 

Dependent Variable: L 

Source 
Nodel 
Er ror  
Corrected To ta l  

Dependent Variable: a 

Source 
üodel 
Error 
Corrected To ta l  

Oependent Variable: b 

source 
l k d e l  
Er ror  
Corrected Tota l  

Su i  o f  h a n  
Squares Square F Value Pr  a F 

1 55.0399503 51 .9466520 75.97 0.0001 
5 .470=3 0.6838187 

l61.3lO4917 

Su i  o f  
Squares 

28. m62ûûOû 
0.68526867 

28.91 146867 

m a n  
Square F Vilua P r  w F 

9.40873333 100.84 0.0001 
O. O 8 5 6 S W  

Su i  o f  -an 
Squares Squirm F Value Pr  F 

154 .771 O91 7 51 . 5903639 198.08 0.0001 
2.0836000 O. 2601500 

158.854691 7 

Options l inesire-76; 
T i t l e  'Sinapic ac id  i n  i l k a l i n e  8olut ion pH 10 (NH4), Table 9-2-2'; 
Data; 

Input  T i i e  1-9 L 11-19 a 21-29 b 31-39; 
Cards ; 
O 98.8 -9.7 14.6 
O 98.4 -9.8 14.3 
O 99. O -8 -9  15.2 
1 94 .O -6.7 15.9 
1 93.8 -6 -5 15.7 
1 95.8 -0.4 14.7 
3 96.3 -6.0 14.2 
3 95.2 -6.1 14.3 
3 97.0 -5 -8 13.8 
72 88.1 -5.4 23.1 
72 89.7 -5.9 22.3 
72 88.9 -5.5 23.5 
Pcoc GLU; 

Classes T i ie ;  
Mode1 L a b = T i i e ;  
Means T i i e  / Duncan; 



K=lW/SUMsey= 0.094606 SUM 9829739 1032757 1122609 1051.013 

CIE 1931 Wstlmulus values 
X = K SUM oes'w = 9299548 
Y = K SUM oes*y = 97.70525 
Z = K SUM oesez = 106.2248 
Y,0.5= 9.884597 

Huritef L, 8, b values 
L = 1OIY,O.S = 98.84597 
O =1 7.5-(1 .O%-Y)N.O.S = -s.oosa 
b = 7.0gC/-0.8472yY.0.S = 5.4761 95 

CIE 1 931 (X ,  Y)chrormtlclty coord l~ tes  
X =N(X + Y +Z) = 0.3131 95 
Y =YI(X + Y + 2) = 0.329056 



K =  100/SUM s ' y  = 0.094606 SUM 981.7864 1036.916 1098.922 1057.01 3 

CIE 1931 blstlmulus values 
X = K SUM o's% = 928831 4 
Y = K SUM o*sœy = 90.09878 
Z = K SUM o's'z = 103.9649 
Y,0.5= 9.904483 

CIE 1931 (X, Y)ehromaticity coordlnates 
X =X/(X + V +Z) = 0.314915 
Y =YI(X + Y + 2) = 0.332S98 

Lightness = L 
SItwotion = (1.2 4 b,2),O.S = 9.249721 
H u e  = îanbia,-1 = -50.1 



K =  100iSUM s ' y  = 0.- SUM 983.51 83 1 054.781 1036.677 1 OS7.013 

CIE 1931 Mstlmulus v-t 
X = K SUM o's'x = 93.- 
Y = KSUM o's'y = 99.78889 
Z = K SUM oas*z = 98.0761 5 
Y,O.S= 9.989439 

Hunter L, a, b values 
L = 1O'Y,O.S = 99.69439 
O =1 7.Se(1 .OS-yyY.0.S = -8.5507 
b = 7.0e(Y-0.847Z)M.O.S = 1 1 -71 524 

CIE 1 Bal  fi Y)~romafklty t ~ ~ r â h t e s  
X =X/(X + Y +Z) = 0.31 9846 
Y =Y/(X + Y + 2) = 0.343021 

Lightnsss=L 
Saturation = (a2 + b.2).0.5 = 14.50384 
Hus = bnb/a,-1 = -53.9 



K=lOû/SUMs"y= 0.- SUM 1009.819 1061.22 1138.663 1057-013 

CIE 1931 Mstimulus values 
X =  KSUM 0'8% = 95.5351 9 
Y = KSUM oesey = 100.3981 
Z = K SUM oas'z = 107.7247 
Y,O.5= 10.01 988 

Hunter L, a, b values 
L = 10-Y.O.S = 100.1988 
a =1 7.S0(1 .O=-yyY,O.5 = -5. 1 561 
b = 7.0°(Y4.847Z)N,0.5 = 6.395985 

CIE t 831 (X, Y)throni.tlclty coordinrt.~ 
X =W(X + Y +Z) = 0.31 461 4 
Y =YI(X + Y + 2) = 0.330629 



CIE IO31 lristimulus values 
X =  KSUMoWx= 95.30233 
Y = K SUM o'r'y = 100.3423 
Z = K SUM o's'z = 106-7206 
Y,0.5= 10.01 71 

Huntw L, 8, b values 
L = 1OIY,0.5 = 100.171 
P =1 7.S0(1 .a-vyV.0.5 = -5.47496 
b = 7.O'(Y4.B47Z)/Y,0.5 = 6.953035 

O O O O O O 

SUM 1007.357 1OW.63 1126.05 1051.013 

CIE 1831 (X, Y)chromrtkity coordlnates 
X =%J(X + Y +Z) = 0.315189 
Y =Yi(X + Y + Z) = 0.331 858 



K =  lOOlSUMs'y= 0.094606 SUM 979,7816 1039.833 1071.174 1057.01 3 

CIE 1931 tristimulus vaiues 
X = K SUM o"s'r = 9269347 
Y = K SUM o4'y = 98.37469 
Z = K SUM o"soz = 1 O1 -3397 
Y,O.S= 9.918402 

Hunter L, 8, b values 
L = lO"Y.0.5 = 99.18402 
a =1 7.5*(1 .OW-Y)N,O.5 = 6.75297 
b = 7.O*(Y4.847Z)N.O.S = 8.850164 

CIE 1931 (X, Y)chromrtlclty toordlnatm 
X =W(X + Y +Z) = 0.317001 
Y=YI(X+Y+Z)= 0.33643 

Lightness = L 
Saturation = (a,2 + b,2),0.5 = 11 .l323 
Hue = tanbia.-1 = -52 7 



K = 1 W S U M s 0 y =  0.094606 SUM 985.9487 1033.444 1 103.287 1051.01 3 

CIE 1031 trisUrnulus values 
X = K S U M o i 4 =  93.27692 
Y = KSUM o's"y = 97.TI028 
Z = K SUM o"sDz = 104.3778 
Y,O.S= 9.887886 

Huntef L, a, b values 
L = lOIY,O.S = 98.87886 
a =1?.S0(1 .on-Y)P(,O.S = 4.65084 
b = 7.0°(Y4.84?Z)N,0.5 = 6.ô2788 

CIE 1831 (X, Y)&ormtlclty coordlnrbs 
X =W(X + Y +Z) = 0.31 SM8 
Y=Y/(X+Y+Z)= 0.330948 



K =  IOWSUM s ' y  = 0.0946a SUM 951.533 998.519 1062.763 109.013 

CIE 1931 trlsUmulus values 
X = K SUM 0's- = 90.M098 
Y = K SUM o*sey = 94.4661 5 
Z = K SUM oesez = 100.544 
Y,0.5= 9.71 937 

CIE 1931 (X, Y)ehromatklty coordinates 
X = W ( X + Y + Z ) =  0.315829 
Y=YI(X+Y+Z)= 0.331424 



K=lOO/SUMs"y= 0.094606 SUM 977.51 44 1027.1 43 1095.439 1057.01 3 

CIE 1931 tristimulus values 
X = K SUM o"sS< = 9247898 
Y = K SUM o*r*y = 97.t7419 
Z = K SUM 04'2 = 103.6354 
Y,0.5= 9.857697 

CIE 1931 (X, Y)ehromaUcity coordlnrtes 
X =XI(X + Y +Z) = 0.31 531 7 
Y =YI(X + Y + Z) = 0.331326 

Lightness = L 
SÎamtion = (0.2 + b,2).0.5 = 8.368287 
Hue = tanMa.-1 = -52.9 



Appendix 4.1. Concentration of sinapine, sinapic acid and thomasidioic acid as a fûnction 
of time during aikaiine hydrolysis and air oxidation of 0.246 rnrnoVL sinapine solutions in 
phosphate-bonc acid b& of pH 7, 8.5 and 10 '. 

Tirne conc. (mmoVL) Tirne conc. (mmoüL) Time conc. (moVL) 
O O (hl 

SPN SA TA SPN SA TA SPN SA TA 

a SPN = Sinapine, SA = Sinapic Acid, and TA = Thomasidioic Acid, nd = not detected. 
Reaction rate constant k value as in Table 4.1. 



Appendix 4.2. Regesion output for la order and 2"" order rcaction fit of concentrations 
(mmoVL) vs reaction times (hour) of sinapine in phosphate-bonc acid buffers of pH 7, 8.5 
and 10. 

Constant -0.0101 
Std Err of Y Est 0.1408 
R Squared 0.9846 
No. of Observations 8 
Degrees of Freedom 6 

X Coefficient(s) 0-03 19 
Std Err of Coef- 0.0016 

Constant -8665.4 1 
Std Err of Y Est 18639.05 
R Squared 0.7145 
No. of Observations 8 
Degrees of Freeùom 6 

X Coefiicimt(s) 8365.00 
Std Err of Coef 215.73 

pH 8.5 2d Ords  

Constant -0.0013 
Std Err of Y Est 0.026 
R Squared 0.998 
No. of Observations 8 
Degrees of Freedom 6 

X Coefficient(s) 0.0165 
Std Err of  Coef 0.0003 

Constant 2820.88 
Std Err of Y Est 1402.43 
R Squared 0.937 
No. of Observations 8 
Degrees of Freedom 6 

X Coefficient(s) 153.62 
Std Err of Coef 16-26 

- -  - 

Constant 0.0296 
Std Em of Y Est 0.08 15 
R Squared 0.98 18 
No. of Observations 10 
Degrees of Freedom 8 

Constant 3264.02 
Std EK of Y Est 20 18.28 
R Squareci 0.91 1 
No. of Observations 10 
Degrees of Freedom 8 

X Coefficient(s) 0.003 5 
StdErr of Coef 0.0002 

X Coefficient(s) 37.74 
Std En of Coef 4.16 



Appendbt 4.3. EEect o f  time on the Hunter L a b vaiues of 0.246 mrnoi/L sinapine 
solutions during alkaiine hydrolysis and air oxidation in phosphate-boric acid 
buffêrs of pH 7,8.5 and 10 ". 

T h e  (h) Hunter color vdue 

Control 

a Mean of t h e  replicatestSD. Colurnn values with the same letters were not 
significantiy difFerent @ s 0.05). 

Control = Sinapine in deionized water with a natural pH of  4.3 at zero time. 



Appendix 4.4a. N O V A  o f  Appendix 4.3 (pH 7 ) .  The e f f e c t  o f  a i r  oxidation time on the color  
of  a 100 p g / i L  sinapine i n  phosphate-boric ac id  so lu t ion  of pn 7. 

General Linear Yodels Procedure 

Dependent Variable: L 

Source 
Mode1 
Error 
Corrected T o t a l  

Oependent Variable : a 

Source 
Yodel 
Error 
Corrected T o t a l  

Oependent Variable: b 

Source 
Llodel 
Error 
Corrected T o t a l  

Options llnesize=78; 
T i t l e  'Sinapine i n  a l ka l i ne  
Data ; 

Sui o f  
Squares 

25.83975556 
8.14140000 

33.98115556 

Sui o f  
Squares 

40.16888889 
7.22786667 

47.39675556 

Sui o f  
Squares 

366.2604222 
7.1264667 

373.3868889 

h a n  
Square 

12 .91987778 
1 .35690000 

üean 
Square 

20.08444444 
1.20464444 

üean 
Square 

183.1302111 
1 -1877444 

solut ion pu 7, Table 4-1-1';  

Input  T i r e  1-9 L 11 -19 a 21 -29 b 31 -39; 
Cards ; 
O 98.61 -9.63 13.45 
O 97.89 -9.85 13.2 
O 99.1 -8.63 13.7 
24 99.7 -11 17.08 
24 98.6 -12.71 18.4 
24 99.1 -10.4 15.89 
108 95.87 -14.63 28.35 
1 08 93 -21 -13.12 29.87 
tO8 96.75 -15.76 27.1 
Proc GLM; 
Classes T i i e  ; 
Mode1 L a b = T i i e ;  
Means T i r e  / Duncan; 

F Value P r  > F 
9.52 0.0138 

F Value P r  * F 
16.67 0 .O035 

F Value 
154.18 



Appendix 4.4b. ANOVA o f  Appendix 3.3 (pH 8.5). The e f f e c t  o f  a i r  ox idat ion time on the 
co lo r  of a 100 p g l i i  sinapine i n  phosphate-boric ac id  so lu t i on  o f  pH 8.5. 

General U n e a r  üodels Procedure 

Dependent Variable: L 

Source 
hiode1 
Er ror  
Corrected T o t a l  

Dependent Variable: a 

Source 
Mode1 
E r ro r  
Corrected T o t a l  

Dependent Variable: b 

Source 
&del 
Er ro r  
Corrected Tota l  

Options l inesizer78;  

Su. o f  
Squares 

30 1 .9 1 80667 
8.51 49333 

31 0.433OOOO 

Sur o f  
Squares 

183.9532667 
1 1 .O251 333 

194.9784000 

S u i  of 
Squares 

39.46020000 
11.35820000 
50.81 840000 

T i t l e  'Sinapine i n  a l ka l i ne  so lu t i on  pH 8.5, 
Data ; 

Inpu t  T i i e  1-9 L 11-19 a 21-29 b 31-39; 
Cards ; 
O 98.1 -22.4 37.9 
O 97.8 -22.0 36.2 
O 98.5 -22.9 38.5 
24 90.1 -12.8 38.8 
24 89.4 -13.7 37.5 
24 92.2 -12.2 39.1 
1 08 83.8 -22.3 42.6 
108 85.4 -24.8 40.3 
1 08 82.7 -20.5 44.1 
Proc GLM; 

Classes Tirne; 
Mode1 L a b = T i ie ;  

üean 
Square 

150.9590333 
1.4191556 

Mean 
Square 

91.9766333 
1 .O375222 

&an 
Square 

19.73010000 
1 .a9303333 

Table 4-1 -2 '  ; 

F Value Pr > F 
106.37 0.0001 

F Value Pr F 
50.05 0 .O002 

F Value P r  F 
10.42 0.0112 

Means T i r e  / Duncan; 



Appendix 4 . 4 ~ .  ANOVA o f  Appendix 4.3 (pH iO).The e f f e c t  o f  a i r  ox ida t i on  t ime on the  c o l o r  
o f  a 100 p g l i L  sinapine in phosphate-borfc ac id  s o l u t i o n  o f  pH 10. 

General i i n e a r  üodels Procedure 

Dependent Variable: L 

Source 
Model 
E r ro r  
Corrected T o t a l  

Dependent Variable: a 

Source 
Mode1 
Er ror  
Corrected T o t a l  

Dependent Variable: b 

Source 
Model 
E r ro r  
Corrected T o t a l  

Options l inesize=78;  
T i t l e  'Sinapine i n  a l ka l i ne  
Data ; 

Su. o f  
Squares 

971.2246689 
1 1 .4306000 

982.6552889 

S u i  o f  
Squares 

71.59828889 
12.04506667 
83.64335556 

S u i  o f  
Squares 

285.6830889 
30.5621333 

31 6.2452222 

m a n  
square 

485.6 1 23444 
1.9051000 

Uean 
square 

35.79914444 
2.00751 11 1 

Nean 
square 

142.8415444 
5. OS36889 

so lu t ion  pH 10, Table 4-1-3 ' ;  

I npu t  T h e  1-9 L 11 -19 a 21 -29 b 31-39; 
Cards ; 
O 97.9 -26.2 46.6 
O 97.2 -25.4 44.8 
O 98.7 -27.6 48.2 
24 80 .O -22.9 36.4 
24 81.3 -23.5 34.6 
24 78 .S -21.1 39.6 
108 73.4 -19.2 34.0 
1 08 71.5 -17.8 30.4 
108 75.1 -21.5 35.2 
Proc GLM; 

Classes T i r e ;  
Model L a b = T i i e ;  
Means T i i e  / Duncan; 

F Value Pr * F 
254.90 0.0001 

F Value Pr > F 
l7.83 O. 0030 

F Value 
28.04 



K=lOû/SUM s ' y =  0.- SUM 951 .SI24 1027.928 977.21 03 1051.01 3 

CIE 1931 tristimulus values 
X = K SUM o*s% = 90.01 903 
Y = K SUM o*s9y = 97.24842 
Z = K SUM o's'z = 92-45021 
Y,0.5= 9.861 461 

Hunter L, a, b values 
L = 10IY,O.S = 98.61461 
a =1 7.5*(1 .OW-v)N,O.S = -9.63424 
b = 7.O*(Y4.847ZyY.0.5 = 13.44645 

CIE 1931 (X, Y)thrormticlty coordinates 
X =U(X + Y +Z) = 0.321 821 
Y =Y/(X + Y + 2) = 0.34766ô 



K=lOOISUMs"y= 0.- SUM 866.7563 1 O1 6.925 538.737 1057.01 3 

CIE 1931 tristlmu~us values 
X = K SUM o"s%= 82.00058 
Y = K SUM oS"y = %.îû751 
Z = K SUM o*s*z = SûS789 
Y.0.5= 9.808543 

Hunter L, 8, b values 
L = 1O'Y,0.5 = 98.08543 
a =17.5*(1 .O%-Y)/Y,O.S = -22421 4 
b = 7.0°(Y4.û47Z)fY,0.5 = 37.851 ûû 

CIE 1931 (X, V)&romrtlcr, coordinates 
X =W(X + Y +Z) = 0.357806 
Y =Y/(X + Y + 2) = 0.41 9798 



K =  100/SUM s 'y  = 0.094606 SUM 841.5812 1013.502 3626153 1057.013 

CIE 1911 Mstlmulus values 
X = K SUM o's'w = f9.61885 
Y = KSUM o'r'y = 95.80362 
Z = K SUM 04'2 = 3ô.1978 
Y,O.S= 9.792018 

Hunter L, 8, b values 
L = 101Y,O.S = 97.9201 8 
a =1 7.Se(1 .OW-Y)N,O.S = -26.2221 
b = 7.0e(Y-0.847Z)N.OS = 46.62661 

CIE 1931 (3 Y)chromatlcity coordliutes 
X =X/(X + Y +Z) = 0-37- 
Y =Y/(X + Y + 2) = 0.452922 



O 2 4 6 8 1 0 1 2 1 4  
Time (mm) 

Appendix 5. la-b. Chromatograms @y gradient A) of (a) standard phenolic acids, (b) 
methanol extract of  canola fiour and (c) the mixture of standards and the methanol extract. 
Peak identifications: 5. sinapic acid, 8. sinapine, 9. ferulic rcid, 10. pcoumaric, other 
peaks were unidentified. 



O 2 4 6 8 10 12 14 
Tirne (min) 

Appendix S.2a-b. Chromatograms @y gradient B) of (a) methanol extract of canola flour 
and (b) the mixture of standards and the methano1 extract. P d  identifications: 5.  sinapic 
acid, 8. sinapine, 9. femlic acid, 1 O. pcournaric, other peaks wen unidentifid. 



Appendix 5.3. AWOVA of Tabla 5.1. Effoct of ewt r8 t t lon  condit ions on th. ph.nolic contant  
o f  canola f l ou r .  S m  = i lnap ina bi.ulfata, SPU - s l ~ p i m ,  SA = s inapic acld, TH - t o t a l  
phenolic de ten lned  by HPLC, TF = t o t a l  phanolic ôotarmimd by fo l i n -C ioca l teu  raagont. 

Dependent Variable: S m  

Source OF 
Yodel 3 
Error  9 
Corrected T o t a l  12 

Dependent Var i rb la:  SPU 

Source OF 
üodel 3 
Er ror  Q 
Corrected T o t a l  12 

Dependent Variable: SA 

Source 
üodel 
Er ror  
Corrected T o t a l  

Dependent Variable: TH 

Source 
Uodel 
Er ror  
Corrected T o t a l  

Dependent Variable: TF 

Source 
Uodel 
Er ror  
Corrected T o t a l  

sw o f  h a n  
OF squares m u r i u  F value Pr * F 
3 O. 04205943 0.014019ô1 6.66 0.0144 
8 0.016ô4157 0.00210S17 

11 O .OSOgOo(K1 

Su8 of Y l rn  
OF square8 Square F Value Pr w F 
3 105.9145309 35 .SOI6430 Q . le  0.0047 
8 28.9394427 3.6174903 

11 134.8599736 

Sri. o f  h a n  
OF ~ q u a n 8  ~ q u r r e  F value Pr * F 
3 131 .a671463 43.78904ae 5.89 0.0201 
8 59.4993796 7.496672 4 

11 190.M105258 

Options linesize+78; 
T i t l e  'E f fec t  o f  r x t r I c t i o n  condi t ions on phenolic content, 
Data; 

Input  Condit ion 1-9 SPüû 11 -19 SfW 21 -29 SA 31 -39 TH 41 -49 TF S i  -59; 
Cards ; 



1 14.624WS 11 .1416W 0.29OW17 27.S32352 29.24ô3ûû 
1 13.8674ô8 10.ô41064 0.3S8511 28.7BSblS 25.ôôW12 
1 14.144094 10.775ô25 0.4094255 31.Wô128 31.- 

0.4ûôôûôS 28.Uô687 
2 13.887383 10.SôûOS1 0.2715 27.466253 25.7ô6102 
2 14.099598 10.741725 0.376ô191 24.447813 27.789481 
2 13.û66702 10.64Mô 0.3686271 28.41ô31 29.85017 
3 14.564245 11.095716 0.468Mû4 33.38S603 31.792126 
3 15.751904 12.00055 0.41)1148@ 31 .O2143 35.QWW7 
3 16.587936 12.637458 0.5245532 32.071076 37.85707 
3 16.54889 12.607665 
4 16.328786 12.44001 0.425dl69 34.471076 31.357ôM 
4 15.989734 12.18172 0.421117 32.968806 36.ûO9411 
4 13.9177(1(1 10.609199 0.9609574 98.107955 36.441342 
Proc GUI ;  
Classes Condition; 
Uodel SPNB SPN SA TH TF = C~ndltlori; 
üeans Condition / Duncan; 

Note: 1 = 50 F, 10 min; 2 = 75 T;, 20 min: 3 = refluwing 20 min, 1-3, 100+ rethanol; 
4 = 75 F, 20 min, 7O+ methmol. 



Appendix 5.3. P a k u e u i n ~ o n t o  t o ~ o ~ ~ o f r t m d u d  sinapiinc and Pnipic 
acid (2 p L  of sinapine and 1 pL sinapic acid solutions) O. 

Conamntion (pg/mL) Sinapine Sinapic Acid 

" Mean of six det erminatiom#SD. Column values with the same lettcrs wert not 
signifiantly different (p 5 0.05). 



Appendix S.S., N ô V A  o f  T8bh  5.2 and Appondix 5.4. T h o  and a n a  as a fu i lc t ion o f  
sinapine concentration. 

Goneral Unoar  Yod.18 Procedura 

Dependent Variable: tIY 
S u  o f  mm 

Source OF âquano 
Yodel 3 1 .18940856 0.389m263 
Er ro r  20 O. 17Mb2W 0 . ~ 3 1 0  
Corrected T o t a l  23 1 .33a87OU) 

Dependent Variable: AR€A 
Sui  of b a n  

Source DF Sq1~a-8 muif- 
Mode1 9 6.MbOf €+la 2.266ûûdS13 
Er ro r  20 5.46ôô7E+ll 2.73444€+10 
Corrected T o t a l  23 6.91 27û€+13 

F Value Pr * F 
45.73 0.0001 

Options linesize=78; 
T i t l e  ' T i i e  and area as 8 function o f  conc of sinapine, Table 5-1-1'; 
Data; 

Input  conc 1-9 l ime 11-19 Are8 21-29; 
Cards ; 
200 
200 
200 
200 
200 
200 
1 00 
1 00 
1 00 
1 O0 
1 00 
1 O 0  
50 
50 
50 
50 
50 
50 
25 
25 
25 
25 
25 
25 
Proc GLU; 

Classes 

7.014 
7.034 
7.965 
7.799 
7.747 
7.705 
8.05 
8.108 
8.135 
7.885 
7.919 
7.905 
8.312 
8.293 
8.292 
8.215 
8.204 
8 -21 
8.445 
8 -423 
8.432 
8.306 
8.55 
8.33 

conc ; 
Yodel T i i 8  Area * conc; 
üeans conc I Duncan; 



Appendix 5.5b. AmlVA O? Table 5.2 and Agp.ndix 5.4. T m  and a n a  as a f u m t i o n  o f  rirupic 
acid concentration. 

Dependent Variable: T I Y  
 SU^ O? m a n  

Source OF ~ q u a n s  mri.m 
üodel 9 0 . 1 0 2 ~  0.03411320 
Error  16 O.?)ld09580 0.021ôô723 
Corrected T o t a l  19 O. 41933520 

Dependent Variable: MEA 
SU. of MDan 

Source OF squarms sqmm 
Yodel 3 3.9S78lEI13 i .3126û€+13 
Error 16 6.01713€+11 3.76071€+10 
Corrected T o t a l  19 3.@@7QM+13 

F Value 
1 .SI 

F Value 
348.03 

Options linesize=7?3; 
T i t l e  'Tirne and ama as r function o f  conc. o f  sinapic acid, Table 5-1-2 ' ;  
Data; 

Input conc 1-9 T h e  11-19 Area 21-29; 
Cards ; 
200 
200 
200 
200 
200 
1 00 
1 O0 
1 O0 
100 
1 O0 
50 
50 
50 
50 
50 
25 
25 
25 
2 5 
25 
Proc GLU; 

Classes conc ; 
Mode1 T h e  Are. - conc; 
Means conc / Duncan; 



Appendix 6.1. M V A  o f  Table 8.1. Th* ef foct  o f  pmcodun on th. color  and prota in  
contents o f  cano l i  pro te in  i 80 l i t 0 .  

Goneral Ctnear Yod.18 Procedun 

Dependent Variable: L 

Source 
Model 
Error 
Corrected To ta l  

Dependent Variable: a 

Source 
üodel 
Error 
Corrected 1 o t a l  

Dependent Variable: b 

Source 
üodel 
Error 
Corrected To ta l  

Dependent Variable: PC 

Source 
Model 
Error 
Corrected To ta l  

S u i  o f  
Squares 

22.SOOOOOQO 
1,44000000 

23.04000000 

b a n  
Squan 

7.50000000 
0.18oooooo 

F Valu. 
974.90 

F Value 
41.67 

F Value 
138.12 

F Value 
754.49 

Options lineslze=78; 
T i t l e  'Procedure effect on the co lor  and prote in  content, Table 6-1' ;  
Data ; 

Input Proced 1-9 L 11 -19 a 21 -29 b 31 -30 PC 41 -40; 
Cards ; 
1 71.9 -1.7 13.9 n .20 
1 71.3 -2 -8 14.3 78.96 
1 71.9 -3.0 15.6 78.35 
2 60.4 -1 -6 9.6 78.00 
2 60.1 -1.1 10.2 78.31 
2 58 -6 -1.2 10.5 78.02 
3 49.8 0.5 20.6 66.06 
3 49.2 0.7 18.6 66.18 
3 47.4 1.2 19.5 65.91 
4 34 .8 0.8 11.6 64.62 
4 33.7 0.5 12.9 64 -42 
4 34 .Q 0.5 12 -4 64 -76 
Proc GLY; 
Classes Proced ; 
Mode1 1 a b PC = Proced; 
Means Proced / Duncan; 



Appendix 6.2. N O V A  o f  Table 6.2. T M  ef fect  o f  procedure8 on th. phenolic contents o f  
canola protein Lsolato. SPN - sinapino, SA = 8 i ~ p i c  acid, TH - t o t a l  phonolit  detwminsd 
by HPLC, TF = t o t a l  phmnolic detenined by Folln-Ciocalteu remgent. 

Dependent Variable: SPN 

Source DF 
Mode1 3 
Error 8 
Corrected Total 11 

Dependent Variable: SA 

Source OF 
üodel 3 
Error 8 
Corrected Total  11 

Dependent Variable: TH 

Source OF 
üodel 3 
Error 8 
Corrected Total  11 

Dependent Variable: TF 

Source O F  
Mode 1 3 
Error 8 
Corrected Total  11 

ban 
mm- 

48.0168750 
0.3321750 

Ysmn 
Squan 

99.2410000 
0.8749000 

Options linesize=78; 
T i t l e  'Procedure effect on phenolic contents, Table 6-2'; 
Data ; 

Input Proced 1-9 SPW 11-19 SA 21-29 TH 31-99 TF 41-49; 
Cards ; 
1 0.4 0.14 3 -84 5.85 
1 O .36 0.25 2 -87 5.42 
1 0.59 0.18 2.34 5.74 
2 1 .O7 O. 18 2 -35 6.03 
2 0.52 0.17 2 -21 6 . S  
2 O .63 0.24 2.1 7 .93 
3 1.68 O .24 8.43 13.17 
3 1.82 0.21 8.3 15.1 
3 1.36 0.18 7.83 13.82 
4 1.73 0.23 10.1 18.19 
4 1 .O7 0.25 11 .32 18.54 
4 1.52 0.21 9.84 16.25 
Proc GLU; 

F Valu. 
23.80 

F Value 
1 .O0 

F Va lw  
144.64 

F Value 
119.51 



Classes Proced ; 
Uodel SPN SA tn TF = Proced; 
üeans Proced 1 Duncan; 

Note: 1 = AAP, 2 - PYI, 3 - W (pM 8.5) and 4 MP (pH IO), rbbrev ia t ions  see Table 6.2. 

Appendfx 6.3.. N ô V A  of Table 6.3. Th. e f f a c t  o f  tiw on th@ c o l o r  o f  canolm f l o u r  (rrholm 
seed) dur ing iutoc lav ing.  

Gmwral U n a a r  Y o k l r  Procedure 

Dependent Variable: L 

Source 
Model 
Er ror  
Corrected To ta l  

Dependent Variable: a 

source 
üodel 
Er ror  
Corrected To ta l  

Dependent Variable: b 

Source 
Model 
Er ror  
Corrected Tota l  

Options linesize=78; 

Slœ o f  
Square8 

6 0 6 . ~  
0.4aooooo 

807.1 400000 

Sui of 
Square8 

0.18000000 
o. 20000000 
0.38000000 

f Value 
3370.33 

F Value 
21 74.75 

F Value 
2.40 

T i t l e  ' T i i e  e f f e c t  on the co lo r  o f  whole seed f l o u r  during autoclaving, 
Data ; 

Input T i i e  4-6 L 8-11 a 13-15 b 17-20; 
Carda ; 

O 70.3 2.2 17.3 
O 70.2 2.1 17.4 
O 70.1 2.0 17.2 
15 59.1 5.0 17.2 
15 58.8 5.2 17.4 
15 58.8 5.1 17.3 
30 54.4 7.1 17.1 
30 55.1 7.0 17.3 
30 54.9 6.9 17.2 
45 51.4 8.4 16.9 
45 51.5 8.2 17.9 
45 51 .O 8.3 16.8 

Proc GLU; 
Classes T i ie ;  
Model L a b = T i ie ;  

Table 6-9-1 ' ; 



Appendix 6.3b. ANWA o f  tab le  6.5. ni. effect  o f  tin on th. co lor  o f  canola f l o u r  
(dehulled) during rutoclrv ing.  

Dependent Variable: L 

Source 
Vodel 
Error 
Corrected Total  

Dependent Variable: a 

Source 
&del  
Error 
Corrected Tota l  

Dependent Variable: b 

Source 
Vodel 
Error 
Corrected Tota l  

F V r l w  
201 8 -70 

F Value 
2224 0 5 0  

F V ~ ~ U O  
1 .se 

Options linesire-78; 
T i t l e  ' T i i e  e f fec t  on the co lor  o f  dehulled f l o u r  during rutoclrv ing,  Table 6-3-2';  
Data ; 

Input T i i e  4-6 L 8-11 a 19-15 b 17-20; 
Cards ; 

O 79.2 0.6 20.4 
O 79.3 0.5 19.0 
O 79.1 0.4 19.7 
15 63.1 5.0 19.3 
15 62.9 5.0 19.4 
15 63.0 4.7 19.2 
30 58.1 6.8 19.5 
30 58.6 8.8 19.4 
30 58.5 6.7 19.3 
45 53.6 8.9 18.0 
45 54.9 8.2 19.4 
45 55.0 8.1 18.7 

Proc G U ;  
Classes l ime ; 
üodel L a b T l ie ;  
Means T i i e  / Duncan; 



Appendix 6.4.. ANOVA o f  Tabla 6.4. Th. ef fec t  o f  t h  on th. p h . n ~ l i c  contents o f  canola 
f l o u r  (whole seed) dur ing autoclaving. SPU = sinapina, 8A = sinapic acid, Tn = t o t a l  
phenolic detemined by HPLC, TF - t o t a l  ph.nollc doteminad by Fol in-Ciocr l teu reigsnt, 
SAIN = sinopic ac id  releasad f r o i  insoluble-bound pheiiolics, THIN * t o t a l  insoluble 
phenollcs detemlned by HPLC, TFIN = t o t a l  insoluble  nol lit ôetemined by Fo l in-  
Ciocalteu reagent. 

Oiner.1 L i n m r  Mode18 Procedun 

Dependent Variable: SPN 

Source OF 
Yodel 3 
Error 8 
Corrected Tota l  11 

Dependent Variable: SA 

Source OF 
üodel 3 
Error 8 
Corrected To ta l  11 

Dependent Variable: TH 

Source OF 
Uodel 3 
Error 8 
Corrected Tota l  11 

Dependent Variable: TF 

Source OF 
üodel 3 
Error  8 
Corrected Tota l  11 

Dependent Variable: SAIN 

Source DF 
Uodel 3 
Error 8 
Corrected Tota l  11 

Dependent Variable: THIN 

Source DF 
Yodel 3 
Error 8 
Corrected Total  I l  

Dependent Variable: TFIN 

Source DF 

S u  of 
Squares 

O. 67582500 
2.29140000 

11 .a7022500 

s u  o f  
Squares 

359.82SB250 
17.3196000 

311.1 4842Sû 

S w  o f  
Squares 

b a n  
Squrrv 

0.00460000 
0.00417500 

m i n  
âquan 

0.02280000 
0.01 180000 

F Value 
11.25 

F Valu. 
1.10 

F Value 
55.40 

F Value 
94.53 

F Value 
4.15 

F Valu. 
1.92 

man 
Square F Value Pr F 



Yodel 
Er ror  
Corrected Tot81 

Options linesize=78; 
T i t l e  ' T i i e  e f f e c t  on phenolic contents during autoclaving, whole seed f l ou r ,  Table 6-4- 
1 ' ;  
Data; 

Input T h e  1-9 SPN 1 1  -18 SA 21 -29 TH 31 -39 TF 41 -48 SAIN 51 -58 THIN 61 -68 TFIN 71 -79; 
Cards ; 
O 1 1  -88 0 -44 33.1 34.57 0.09 1.73 4 -85 
O 12.32 0.41 33.2 35.22 0 .W 1 -76 4 -02 
O 12.07 O .62 31.2 34.01 0.09 1.64 5 -38 
15 11 .O4 O -45 PI .OS 27-82 0.11 2.01 6.56 
15 10.34 0.49 20.1 24.73 0.14 1 -60 5 -32 
15 11.53 O .47 22.3 25.12 0.11 1.76 6.84 
30 10.32 O -38 23.04 27.61 0.16 1-88 6.84 
30 11.43 0.30 19.5 24.15 0.12 1 .O1 7.78 
30 10.02 0.48 18.72 23-84 0.11 1 -78 6 -23 
45 9 .O8 0.41 19.21 23.05 0.17 1 .O9 8.5 
45 9.79 0.37 17.49 23.82 0.13 1 .@a 7.2 
45 9.87 0 -42 1O.OCI 21.23 O. 12 1.87 7.1 
Proc GLU; 

Classes T i i e  ; 
Yodel SPN SA TH TF SAIN THIN TFIN = Ti..; 
Means T i i e  / Duncan; 

Appendix 6.4b. MOVA o f  Table 6.4. The effect o f  t h e  on th. phenolic contents o f  canola 
f l o u r  (dehulled) during 8utoclaving. SPU = ainaplne, SA - s i n i p i c  acid, TH - t o t a l  
phenolic detemined by HPLC, TF = t o t a l  phenolic detenined by Folin-Ciocalteu magent, 
SAIN = sinapic ac id  released f r o i  insoluble-bound ph.nolics, THIN = t o t a l  insoluble 
phenolics deten ined by HPLC, TFIN = t o t a l  insoluble phenolic deten ined by Fo l in-  
Ciocalteu reagent. 

Goner.1 Linaar Yodels Protedure 

Dependent Variable: SPN 
Suii o f  Yirn 

Source DF Squirur Square 
Yodel 3 35.634ô2Sûû 11.87ô27Sûû 
Error 8 6 .91 700000 0.76882500 
Corrected Total  1 1  41.95102500 

Dependent Variable : SA 
S m  05 b a n  

source OF Square8 Square 
&de l  3 0.57080ûûû 0.12360000 
Error 8 0.o3mOOoO O.oO4eSOO 
Corrected Total  1 1  0.4û@6OûOO 

Dependent Variable: TH 

Source 
SU of  man 

Squares Square 

F Value 
15-04 

F Value 
25.48 

F Valu8 



üodel 3 
Error 8 
Corrected Total 11 

Dependent Variable: TF 

Source DF 
Mode1 3 
Error 8 
Corrected Total 11 

Dependent Variable: SAIN 

Source DF 
&del 3 
Error 8 
Corrected Total 11 

Dependent Variable: THlN 

Source 
Model 
Error 

Corrected Total 11 

Dependent Variable: TFIN 

Source DF 
üodel 3 
Error 8 
Corrected Total 11 

S u  o f  
Squan 8 

1.52602500 
0.08s20000 

s u  of  
squares 

40.09042500 
6.81740000 

46.94702500 

h a n  
Square 

0.50867500 
0.01040000 

man 
Squan 

1 3.34347500 
0. 8ô4875Oo 

29.88 

F Value 
15.40 

F Value 
75.14 

F Va lw 
48.91 

F Value 
15.49 

Options linesize-78; 
T i t le  ' T u e  ef fect  on phonolic content8 during autoclrving, deholled f lour,  Table 6-4-2'; 
Data ; 

Input T i i e  1-9 SeW 11 -19 SA 21 -29 TH 31 -39 TF 41 -49 W H  51 -59 THIN 61 -68 TFIN 71 -79; 
Cards ; 
O 15.98 0.67 42.56 42 -28 O .OU 1 .O4 2.88 
O 15.32 0.85 41.23 43.45 0.1 1.13 3.86 
O 16.21 0.67 44.73 48.51 0.06 0.98 2.98 
15 12.09 O .45 29.13 39.15 0.63 1.79 7.18 
15 13.69 0.39 92.51 37.21 0.72 1.74 7.85 
15 11.07 O .45 29.1 39.89 0.57 1.87 5.12 
30 11.36 0.27 28.13 37.75 0.72 1 .O1 7.04 
30 13.45 0 .38 90.54 38.54 0.67 1 .M 8.23 
30 12.12 O .28 31.23 95.67 0.56 1.76 6.75 
45 12.22 0 .96 28.42 36.43 O. 75 2.1 8.28 
45 11.12 O .26 25.46 33.24 0.73 1 -82 8.45 
45 10.23 0.25 24.32 32.12 0.68 1.87 7.12 
Proc GUI; 

Classes Tue;  
üodel SPN SA TH TF SAIN THIN TFIN - Tlae; 
bans Time / Duncan; 



Appendix 6.51. AmlVA o f  Table 6.5 ( lhour). The af fec t  of ph8noi.î~ during b r i c  ex t r rc t ion  
( th)  on the color o f  canola prote in  imolate. 

Gonmral Unear  Yodelr Procedun 

Dependent Variable: L 

Source 
üodel 
Error 
Corrected Total  

Dependent Variable: a 

Source 
üodel 
Error 
Corrected Total 

Dependent Variable: b 

Source 
Nodel 
Error 
Corrected Total  

Options linerize-78; 
T i t l e  'Phenolic e f f ec t  
Data ; 

S i r  o f  
DF 8quarus 
2 0.6200mOO 
6 0.1 0000000 
8 0.72000000 

man 
Sqrun F Value Pr F 

0.3100ûûûû 1e.w 0.0027 
0 . 0 1 ~ 7  

S i r  o f  man  
OF 3qri.n~ 8qri.n F Value Pr > F 
2 0.74000000 0 .a7000000 2.92 0.1301 
6 0.76000000 0.12868887 
8 1 .50000000 

( Ih)  on the color,  Table 6-5-1' ; 

Input Phenol 1-9 L 11-19 a 21-20 b 91-39; 
Cards ; 
O 63.9 -1.9 12.5 
O 64.3 -1.6 12.7 
O 63.8 -1.6 12.9 
1 67 .O -2.3 13.6 
1 67.6 -2.1 13.0 
1 67.8 -2.2 12.7 
2 66.2 -1.7 12.8 
2 66.7 -1 .S 12.3 
2 86.8 -1.6 12.1 
Proc G U ;  

Classer Phenol; 
Bodel L a b = Phenol; 
Means Phenol / Duncan; 

Note : O = No phenolfc, 1 = 1% Sinapine and 2 = 1% Sinapic r c i d .  



Appendix 6.5b. ANOVA o f  Table 6.5 (5hour). Th. of foc t  o f  phonolic durfng basic extraction 
(5h) on the color o f  canola protein isolato. 

Gonoral Unoar Yoâols Procedun 

Dependent Variable: L 

source 
üodel 
Error 
Correctsd Total  

Dependent Variable: a 

Source 
üodel 
Error 
Corrected Total  

Dependent Variable: b 

Source 
Mode1 
Error 
Corrected Total  

Options linesize=78; 
T i t l e  'Phenolic e f fac t  
Data ; 

S u  of  man 
OF Squares W u a n  
2 2.00000000 1.00000ooo 
6 O .20000000 O. 033asS33 
8 2.20000000 

Sui of  b a n  
OF âquans 2Wri.m 
2 0 .o6omooo O. 03006600 
6 O. 1 2000000 O. 02000000 
6 0.18oooOm 

(5h) on th. color, Tiblo 6-5-2'; 

Input Phenol 1-0 L 11-18 a 21-29 b 31-39; 
Cards ; 
O 64.7 -1.7 11.9 
O 64.7 -1 -6 11.6 
O 64.4 -1 -5 11.6 
1 65.8 -2 11.8 
1 65.5 -1 -8 11.8 
1 65.5 -1 -6  11.5 
2 64.6 -1.7 11 .8 
2 64.8 -1 .8 11.3 
2 64.4 -1 -6  11.1 
Proc G U ;  
Classes Phenol; 
üodel L a b = Phenol; 
Means Phenol / Duncan; 

F Valuo 
90.00 

F Valuo 
1.50 

F Valuo 
1.42 

Note: O = No phenolic, 1 = 1% sinapine and 2 = 1% sinapic acid. 



Appendix 6.Sc. AüôVA o f  Table 8.5 (24hour). Th. ef fec t  of phenolic8 dur ing baeic 
ex t rac t ion (24h) on th. color o f  canola pro te in  loolate.  

Dependent Variable: L 

Source 
Vodel 
Error 
Corrected To ta l  

Dependent Variable: a 

Source 
Vodel 
Error 
Corrected Tota l  

Dependent Variable: b 

Source 
üodel 
Error 
Corrected To ta l  

Options linesize=78; 
T i t l e  'Phenolic effsct (24h) on the color, Table 6-5-9'; 
Data rcb; 

Input Phenol 1-8 L 11-1Q a 21-29 b 31-39; 
Cards ; 
O 63.4 -1.6 10.7 
O 63.4 -1 -5  10.5 
O 63.1 -1.7 10.3 
1 64.5 -1.6 10.4 
1 64.0 -1.7 10.2 
1 65.0 -1.5 10 .a 
2 66.5 -1 -6 10.4 
2 66.7 -1.6 10.1 
2 66.6 -1 .3 10.1 
Proc G U ;  

Classes Phenol; 
&del  L a b = Phenol; 
k a n s  Phenol / Duncan; 

F Value P r  + F 
86.59 0.0001 

Note: O = No phenolic, 1 = 1% s i n m p l i ~  and 2 - 1% sinapic rc id .  



Appendlx 6.5d. NôVA o f  Table 6.5. Th. e f f e t t  o f  th. i n te rac t ion  k t r n e n  tii. and r inaplne 
(phenol) on the c o l o r  o f  can018 pro te in  180lat0. 

Gernral U m a r  Yod.18 Procedun 

Dependent Variable: L 

Source 
Mode1 
Error  
Corrected T o t a l  

Source 

PHENOL 
TIME 
PHEWOLgTI ME 

Dependent Variable: a 

Source 
üodel 
Error 
Corrected T o t a l  

Source 

PHENOL 
TXYE 
PHENOL'TIYE 

Dependent Variable: b 

Source 
üodel 
Error 
Corrected T o t a l  

Source 
PHENOL 
TIYE 
PHENOL'TIYE 

8w o f  
Squares 

35.80500000 
0. emooooo 
36.8LIS00000 

Sui o f  
Squarer 

1 B. 06000000 
O. 72OOOOOO 

1 O. 78OOOOOO 

m a n  
square 

7.16106000 
O. 07- 

b a n  

O. le5oooOo 
O .O1 833939 

-an Square 

m a n  
Square 

3.81200000 
0 .o8ooowo 

b a n  Square 
0 .O2000000 
9 .moooom 
O. 1 4000000 

F Value 
97.65 

F Value 

237.34 
79.16 
48.90 

F Valu. 
9 .O0 

F Value 

13.96 
10.64 
5.18 

F Value 
63.53 

F Value 
0.33 

156.99 
2.99 

Options linesize=?û; 
T i t l e  ' I n t e r a c t i o n  effect o f  th0 and 1Q rinapine, Table 6-5-4'; 
Data ; 

Input Phenol 1-0 L 1 1  -19 a 21 -29 b 31 -99 lime 41 -JO; 
Cards ; 
O 63.9 -1 .@ 12.5 1 
O 64 -3 -1.8 12.7 1 
O 63.8 -1.6 12.9 1 
1 67.8 -2.3 13.6 1 
1 67.6 -2.1 13 .O 1 



1 87.6 -2.2 12.7 1 
O 84.7 -1 -7  11 .O S 
O 64.7 - t  .6 11 -6 5 
O 84.4 -1.5 11.6 S 
1 65 -8 -2 11.8 5 
1 05.5 -1 .e 11 .e s 
1 65.5 -1 -6 11.5 5 
O 63.4 -1.6 10.7 24 
O 63.4 -1 .S 10.5 24 
O 63.1 -1.7 10.3 24 
1 64.5 -1 -6 10.4 24 
1 64 -1.7 10.2 24 
1 65 -1 .S 10.3 24 
Proc G U ;  

Classes Phenol T i i e ;  
üodel L a b = Phenol T h e  Pheno18Tiie; 
Lsmeans Phenol l ime  Phenol8Timo fstâorr; 
üeans Phenol Time / Duncan; 

Appendix 6.58. M û V A  o f  Table 8.5. The e f f e c t  o f  the In te rac t ion  ktwean t u e  and sinapic 
acid (phenol) on the color o f  canola prote in  isolate. 

General Linear Moâels Procedure 

Dependent Variable: L 

Source 
üode 1 
Error 
Corrected Total  

Source 
PHENOL 
TIYE 
PHENOL8TIYE 

Dependent Variable: 8 

Source 
Yodel 
Error 
Corrected Total  

Source 
PHENOL 
TXYE 
PHENOL'TIY 

Dependent Variable: b 

Source 
Yodel 
Error 
Corrected Total  

Sri. of 
Squares 

0 .oe5wooo 
O .20000000 
0.28- 

Sur of 
squares 

14.WSûWûû 
O .- 

1 S. 76500000 

Mean Square 
16.ô2000000 

man 
Squa re  

O. 0 1 700000 
O .O1668867 

b a n  Square 
O. ûO5OOOOO 
0.02000000 
0 .O2000000 

man 
square 

2 .BQ- 
O.OMû8687 

F Value 
129.50 

F Value 
403.88 

15.24 
106.g8 

F Value 
1 .O2 

F Value 
0.90 
1.20 
1.20 

F Value 
44 .ea 



Source 
PHEWL 
TXYE 
PHENOL'fIY 

DF Typo 1 $8 Merri ûqmn F V a l w  P r  * F 
1 O.«H00000 0.40500000 8.07 0.0290 
2 14.- 7.2- 108.20 0.0001 
2 0.00000000 0.00000000 0.00 1.0000 

Options l ines in-78;  
T i t l e  ' In teract ion a f f e c t  o f  t u e  and r inapic acid, Tablo 6-5-5'; 
Data ; 

Input  Phenol 1-0 L 11 -18 a 21 -29 b 91 -39 l ima 41-48; 
Cards ; 
O 63.9 -1 .O 12.5 1 
O 64.3 -1.6 12 .7 1 
O 63.8 -1 -6 12.0 1 
1 88.2 -1.7 12.8 1 
1 66.7 - t  .S 12.3 1 
1 66.6 -1 -6 12.1 1 
O 64.7 -1.7 11 .O S 
O 04.7 -1 -6 11.6 S 
O 04 -4  -1.5 11.6 5 
1 64.6 -1.7 11.8 5 
I 64.8 -1.8 11.9 5 
1 04.4 -1 -6 11.1 5 
O 63.4 -1 -6 10.7 24 
O 63.4 -1.5 10.5 24 
O 63.1 -1.7 10.9 24 
1 66.5 -1 -6 10.4 24 
1 66.7 -1.6 10.1 24 
1 66.6 - f  .3 10.1 24 
Proc G U I ;  

Clesses Phenol The ;  
m d e l  L P b = Phenol T h e  Ptienol*Tiie; 
Lsieans Phenol T h e  Phenol*Tiio I r tde r r ;  
mens Phenol T i i e  / Duncan; 

Note: For phenol, O = no phenolic and 1 = 1% elnaplc rc id .  

Appendix 6.6a. AWOVA o f  Table 6.6 (no phonolic). Tho o f f e c t  o f  t h e  on the retained 
phenolic contents during basic extract ion f o r  con t ro l  (no phonolic). SPN = rinapine, SA = 
s inapic acid, TH = t o t a l  phenolic detonlned by HPLC, TF = t o t a l  phenolic deteri ined by 
Fol in-Ciocal teu reagent. 

Dependent Variable: SPN 
S i n  o f  W i n  

Source DF Squans 8 q u r n  F Valu0 Pr s F 
&del  9 0 .O2010000 0.00870000 19.14 0.0005 
Error  8 0.002aOOOO 0.00035000 
Corrected To ta l  11 0.02280000 



Dependent Variable: SA 

Source 
Yodel 
Error 
Corrected Tota l  

Dependent Variable: TH 

Source 
Model 
Error 
Corrected Tota l  

Dependent Variablr:  TF 

Source 
Model 
Error 
Corrected Tota l  

m a n  
Sqmm F Value Pr F 

O . _ v c u M M  55.30 0.0001 
0. 01 O6SWO 

Options linesize-78; 
T i t l e  'Basic extract ion phenollc contant, no phanoltc control, Table 6-6-1'; 
Date ; 

Input T h e  1-0 SPN 11 -19 SA 21 -29 TH 31 -39 TF 41 -49; 
Cerds ; 
O 0.07 O 1 .le 6.12 
O O. 09 O 1 .O2 6.12 
O 0.02 O 0.76 5.46 
1 O O O O 
1 O O O O 
1 O O O O 
5 O 0.019 0. 13 0.81 
5 O 0 .O08 0.06 0.79 
5 O 0.009 0.12 0.82 
24 O. 13 0.035 0.22 f -2 
24 0.09 0.035 0.21 1 .lS 
24 0.08 0.02 0.26 1 .O7 
Proc G U ;  

Classes n i e ;  
&del  SPN SA TH TF - Tire; 
Means T i i e  / Duncan; 

Appendix 6.6b. N O V A  o f  Table 0.6 (1b sinapina). Tho a f f e c t  o f  t u e  on the retalnad 
phenolic contant8 during b r i c  extract ion f o r  i s o l a t a  81th 1+ r inapine b i ru l fa te .  SPN - 
sinapine, SA = sinapic acld, TH - t o t a l  phanolic daton inad by HPLC, TF = t o t a l  phenollc 
deter i ined by Folin-Clocmlteu reagant. 

Gonaral Unair .  Yodels Procodun 

Dependent Variable: Sm 
S u i  o f  m a n  

Source DF Squrns 8quan F Vi l r i .  P r  w F 
Model 3 86. 92-500 28. 87527500 781 .O0 0.0001 



Error  8 
Corrected To ta l  11 

Dependent Variable: SA 

Source O F  
kadel 3 
Error 8 
Corrected To ta l  11 

Dependent Variable: TH 

Source W 
Yod81 3 
Error 0 
Corrected To ta l  11 

Dependent Variable: TF 

Source O F  
Yodel 3 
Error 8 
Corrected To ta l  11 

m a n  
Sqwn F Value P r  a F 

0.25347500 SOô.95 0 .O001 
O. 00050000 

m a n  
Sqwn F Value P r  * F 

42.42- 372.70 0 .O001 
0.1138422 

Options linesize-78; 
T i t l e  'Sasic ex t rac t ion phenolic content, IWPN, Table 6-6-2';  
Data; 

Input T i i e  1-0 SPW 11-19 SA 21-29 TH 31-39 TF 41-40; 
Cards ; 
O 8.51 O 11.8 14.93 
O 8.85 O 11.21 16.23 
O 8.74 O 11 .O1 16.54 
1 3.45 O 4.14 5.43 
1 3.75 O 3.45 5.76 
1 3 .24 O 3.86 5.34 
5 2.91 0.41 4 .32 6.22 
5 2.72 0.42 3.78 5.81 
5 2.56 0.46 3.57 5.49 
24 1 -84 0.52 3.807 4.25 
24 1.81 O. 57 3.739 5.89 
24 1.57 0.59 3.62 5.46 
Proc GLY; 
Classes T i i e  ; 
h d e l  SPN SA TH TF - T i ie ;  
Means T h e  / Duncan; 



Agpendix 6 . 6 ~ .  -VA o f  Tabla 6.0 (l* r inapic rc id) .  The a f fec t  o f  tim on th@ rmtrfned 
phenolic contenta during basic extraction for î s o h t o  w i t h  19 ainrpic rc id .  SPN = 
sinapine, SA = s in rp ic  acld, TH - t o t a l  phenolic do temimd by HRC,  TF - t o t a l  phanolic 
determined by Folin-Ciocaltau NaQOnt. 

a n o r a l  Umar ~od .18  

Dependent Variable: SPI  

Source DF 
üodel 3 
Error 8 
Corrected To ta l  11  

Dependent Variable: SA 

Source OF 
üodel 3 
Error 8 
Corrected To ta l  11 

Dependent Variable: TH 

Source DF 
üodel 3 
Error 8 
Corrected To ta l  11 

Dependent Variable: TF 

Source DF 
üodel 3 
Error 8 
Corrected To ta l  1 1  

s u  of  
Squans 

103.(1950250 
2.4974000 

1 Oô. 3924250 

man 
Squan 

34.6318750 
0.9121750 

man 
Squan 

49.6584750 
O. 4MOiSO 

Options linerize-78; 
T i t i e  'Basic extract ion phenoiïc content, l a ,  Table 6-6-9'; 
Data; 

Input T i i e  1-9 SPN 1 1  -19 SA 21 -28 TH 31-39 TF 41 -49; 
Cards ; 
O O 10.38 12.22 14.16 
O O 1 1  -2 10.51 13.26 
O O 9.96 12.31 15.48 
1 O 5.25 4.06 5.93 
1 O 4.12 4 . M  6.21 
1 O 4.52 4 .35 5.62 
5 O 4.18 5.33 7.47 
5 O 3.64 4.85 6.84 
5 O 3.54 4.97 6.45 
24 0.04 1 .O1 5.17 5.73 
24 0.02 1.85 5.12 5.88 
24 0.03 1 .67 4.56 5.76 
Proc GLY; 

Classes Time; 
Yodel SPN SA TH TF - Time; 
@ans Time / Duncan; 

F Velue 
122.89 



Appendix 6.7.. AWOVA of Table 6.7 (15 min). Th8 r f f o c t  o f  phonolics on th. color o f  canola 
p ro te in  i so la te  during autoclaving for  15 min. 

Gmera l  Llnoar Yoâolr Procrdun 

Oependent Variable: L 

Source 
Uodel 
E r ro r  
Corrected Tota l  

Dependent Variable : 8 

Source 
Yodel 
E r ro r  
Corrected Tota l  

Dependent Variable : b 

Source 
Nodel 
E r ro r  
Corrected Tota l  

Options linesize-78; 

Sui o f  man  
DF Squares âqurm 
2 2*7(UKKK100 1 .a9000000 
6 0.34000000 O .Osa66667 
8 9.12000000 

Sri. o f  man  
OF 8quar.i â q u r n  
2 1.82000000 0.91000000 
6 0.2aooooOO O.û468(W1(17 
8 2.10000000 

T i t l e  'The e f f e c t  o f  phrnol ic on color  o f  protein i s o l r t r ,  
Data ; 

Input  Phenol 1-5 L 7-10 a 12-14 b 17-20; 
Cards ; 
O 52.4 0.6 15.1 
O 52.5 0.4 15.3 
O 52.0 0.5 14.0 
1 51 .4 0.8 14.0 
t 51 .5 0.7 15.5 
1 51 .O 0.6 15.2 
2 52.7 0.3 16.0 
2 52.7 0.2 10.1 
2 52.4 0.1 16.2 
Proc G U ;  

Classes Phenol; 
üodel L a b = Phsnol; 
Neans Phenol / Duncan; 

F Valu. 
24 -53 

F Value 
19.00 

F Va1w 
18.50 

Note: O = No phenolic, i = 1% Sinapino and 2 = 1% Sinapic acid. 



Appendix 0.7b. M A  of table 8.7 (30 min). ni. aftact o f  phonolica on th. color o f  canola 
protein isolat8 during autoclavlng f o r  30 min. 

Dependent Varlable : L 

Source 
üodel 
Error 
Corrected Total  

Dependent Variable : 

source 
Mode1 
Error 
Corrected Total  

Oependent Variable : b 

Source 
Uodel 
Error 
Corrected Total 

Options linerize-78; 

Srn of  
squares 

0.32000000 
0.10000000 
0.42000000 

T i t l e  'The e f fec t  o f  phenolic on color o f  protain i ro la te,  
Data ; 

Input Phenol 1-5 L 10-13 a 15-18 b 20-23; 
Cards ; 
O 50.4 -0.3 14.2 
O 50.9 -0.1 19.7 
O 49.6 -0.2 14.7 
1 47.7 0.3 14 
1 48.2 0.3 14.1 
1 48.1 O 19.9 
2 . 50.4 -0.2 15.7 
2 50.5 -0.3 15.8 
2 50.0 -0.1 15.6 
Proc GLU; 

Classes Phenol; 
Mode1 L a b = Phenol; 
Means Phenol / Duncan; 

F Valu. 
27.84 

F Value 
8.60 

F Value 
28.78 

Note: O = NO phenolic, 1 = 1% Sinapina and 2 - 1% Sinapic acid. 



Appendix 6 . 7 ~ .  N ô V A  o f  Table 6.7 (45 m i n ) .  ni. e f f o c t  o t  ph.nolic8 on the co lo r  of crnol. 
&;tein isolat. durfng autoclaving f o r  45 min. 

Dependent Variable: L 

source 
Yodel 
Error  
Corrected To ta l  

Dependent Variable : a 

Source 
Model 
E r ro r  
Corrected T o t a l  

Dependent Variable: b 

Source 
Model 
Er ror  
Corrected To ta l  

Options linesize=78; 

U m a r  Yob.18 Crocedun 

sui o f  
Square8 

9.7eoooooo 
0.22000000 
4.0- 

man 
mwn 

5.47000000 
0.û66666ô7 

T i t l e  'The e f fec t  o f  phenolic on co lor  of protein iso la te ,  
Data ; 

Input  Phenol 1-5 L 10-13 a 15-18 b 20-23; 
Cards ; 
O 48.5 0.8 14.7 
O 48.5 0.7 14.8 
O 48.2 0.6 14.6 
1 47.1 1.1 14.2 
1 47.5 0.7 14.7 
1 46.7 1.2 14.9 
2 48.9 0.5 18.1 
2 48.8 0.8 15.8 
2 49.7 0.4 15.8 
Proc G U ;  

C1asses Phenol; 
Mode1 L a b = Phenol; 
Means Phenol / Duncan; 

F V a l w  
82. OS 

F Valu. 
6.33 

F Value 
51.55 

~ o t e :  O = NO phenolic, 1 = 1% Sinapine and 2 = 1% Slnapic acid. 



Appendix 6.7d. MûVA o f  Table 6.7. Thr e f f u t  o f  th0 in teract ion k t w e n  sinapino (Sm) 
and t h e  on the color  o f  canolr protaln i a o l a t o  during autocl iving. 

Dependent Variable: L 

Source 
Uodel 
Error 
Corrected To ta l  

Source 
SPN 
TIME 
S P W T I Y  

Dependent Variable: a 

Source 
Uodel 
Error 
Corrected To ta l  

Source 
SPN 
TIYE 
SPN'TX YE 

De pendent Variable: b 

Source 
Mode1 
Error 
Corrected Tota l  

Source 
SPN 
TIME 
SPN'TIUE 

S m  of 
Squares 

a. 54000000 
0 .O4000000 
4.4mooooo 

Procodun 

b a n  
SqWM 

12.54606000 
0.1aas3sa 

b a n  
Square 

0.54soooOo 
0.02393339 

lban Sqwn 
0.40500000 
1 .l4- 
o. 01 500000 

man 
Square 

0. 7O8OWOû 
0.07839399 

lban Squaro 
0.08000000 
1.66500000 
0.06500000 

F Value 
90.71 

F Vi lue 
76.40 

1e3.51 
s . O2 

F Value 
23.98 

F Value 
17.M 
48 .O7 

O -64 

F Velue 
O .O4 

F Value 
1 .O2 

21 -26 
O .83 

Options linesize=78; 
T i t l e  ' In teract ion effect between tii. and sinapine on the color, Table 6-7-4';  
Data; 

Input SPN 1-5 Ti re  7-8 L 10-13 a 15-18 b 20-29; 
Cards ; 
O 15 52.4 0.6 15.1 
O 15 52.5 0.4 15.3 
O 1552  0.5 14.0 
1 15 51.4 0.8 14.9 
1 15 51.5 0.7 15.5 
1 15 51 .O 0.6 15.2 
O 30 50.4 -0.3 14.2 



O 30 50.9 -0.1 13.7 
O 30 49.0 -0.2 14.7 
1 30 47.7 0.9 14 
1 30 48.2 0.3 14.1 
1 30 48.1 O 13.9 
O 45 48.5 0.8 14.7 
O 45 48.5 0.7 14.8 
O 45 48.2 0.6 14.6 
1 45 47.1 1.1 14.2 
1 45 47.5 0.7 14.7 
1 45 48.7 1.2 14.9 
Proc G U ;  

Classes SPN Tiae; 
Mode1 L a b = SPW t h e  SPWTIie; 
Lsieans SPN T l i e  SPWTiae / stderr; 
Means SPN fime / Duncan; 

Appendix 6.70. -VA of  Tabla 8.7. Th. mffact of tha interaction ktrner i  rinapic i c i d  (SA) 
and t i i e  on the color of canola protein i r o h t e  durlng autoclaving. 

Genmral Linmrr üodelr Procedura 

Dependent Variable: L 

Source 
Yadel 
Er ror  
Corrected Total 

Source 
SA 
TIME 
SA*TI ME 

Dependent Variable: a 

Source 
Uodel 
Error  
Corrected To ta l  

Source 
SA 
TIME 
SA*TIYE 

Dependent Variable: b 

Source 
Mode1 
E r ro r  
Corrected To ta l  

Source 
SA 

man 
Squrn 

7.52900000 
O. lO6ôôôW 

h a n  Squrn 
1 .44500000 

17.265OOOOO 
O. 8 1 500000 

mari 
Squrn 

0.u100000 
O .O 1 000000 

h a n  square 
O. l2SOOOûû 
1 .O0500000 
0.03500000 

b a n  
Square 

1.88100000 
0 . 0 ~  

F Value 
70.58 

F Value 
19.55 

162.05 
7.64 

F Value 
44.10 

F Value 
12.50 

100.50 
3.50 

F Value 
28.47 

F Value 
117.34 



T I Y  
SA* TI*  

Options linesire-78; 
T i t l e  ' Interaction o f f rc t  k t w e n  tim and ~ i n a p i c  rcfd on the color, Table 6 -7 -5 ' ;  
Data ; 

Input SA 1-5 T i i e  7-8 L 10-13 a 15-18 b 20-23; 
Cards ; 
O 15 52.4 0.6 15.1 
O 15 52.5 0.4 15.3 
O 15 52.0 0.5 14.9 
1 15 52.7 0.3 16.0 
1 15 52.7 0.2 16.1 
1 15 52.4 0.1 16.2 
O 30 50.4 -0.3 14.2 
O 30 50.9 -0.1 19.7 
O 30 49.6 -0.2 14.7 
1 30 50.4 -0.2 15.7 
1 30 50.5 -0.3 15.8 
1 30 50.0 -0.1, 15.6 
O 45 48.5 0.8 14.7 
O 45 48.5 0.7 14.8 
O 45 48.2 0.6 14.6 
1 45 49.9 0.5 16.1 
1 45 49.8 0.6 15.8 
1 45 49.7 0.4 15.8 
Proc GLU; 

Classes SA Ti ie ;  
Wdel  L a b = SA T h e  SAeTIie; 
Lsieans SA T i i e  SAeTIie 1 stdarr; 
üeans SA T h e  / Duncan; 

Appendix 6 . 8 ~ .  ANOVA of Tabla 0.8 (no phenolic). Tho o f f a c t  of t u e  on the phenolic 
contents o f  canola protein irolatas during autoclaving f o r  control (no phenolic). SfW - 
sinapine, SA = sinrpic acid, TH = t o t a l  phenolic âoteriined by HPLC, TF = t o t a l  phenolic 
determined by Folln-Ciocaltau magant, SAIN = sinapic acid reloasad f r o i  insoluble-bound 
phenolics, ï H I N  = t o t a l  insoluble phanolics detoninad b y  HPLC, TFIN = t o t a l  insoluble 
phenolics deteriined by Folin-Ciocalteu rergent. 

Ganaral Linear Yod018 Procedure 

Dependent Variable: SPN 
S u i  of Wrn 

Source OF SquaM8 Squrru 
Mode1 3 O. 1 5030000 0.05910000 
Error 8 0.00481WO O.oo060225 
Corrected Total 11 0.16411000 

Dependent Variable: SA 
S u i  of m a n  

Source DF Squan8 Square 
üodel 3 0 . 0 0 1 ~  0.ooomoOO 
Error 8 O.OOO351e8 O. 00004396 
Corrected Total 11 0.00215186 

F Value P r  > F 
80.17 O. O001 

F Value P r  > F 
13.85 0.0016 



Dependent Variable: TH 

Source DF 
üodel 3 
Error 8 
Corrected T o t a l  11 

Dependent Variable : TF 

Source Of 
üodel 3 
Error 8 
Corrected To ta l  11 

Dependent Variable : SAIN 

Source DF 
Yodel 3 
Error 8 
Corrected To ta l  1 1  

Dependent Variable: THIW 

Source 
Yodel 
Error 

Corrected To ta l  1 1  

Dependent Variable: TFIN 

Source D f 
üodel 3 
Error 8 
Corrected To ta l  11 

sw o f  
Squa rua  

3. Q ~ m  
1 .ooMoooo 
4.06342500 

b a n  
wu- 

1.02eo7500 
O.ûô240000 

b a n  
Squra 

0.02007500 
0.00007500 

F Valw 
26.73 

F Va lw 
12.48 

F Valu. 
10.30 

F Va lw  
20.59 

F Va lw 
10.46 

Options linesize-78; 
T i t l e  'Phenolic contrnts rftir autoclaving , no phonolic, Table 6-8-1'; 
Data ; 

Input tire 1-9 SPU it-ia SA 21-29 TH 31-30 TF 41-49 sArn 51-59 THIN 61-69 TFIM 71-70; 
Cards ; 
O 0.07 O 1 .16 0.12 O 0.1 3.20 
O 0.03 O 1 .O2 6.12 O 0.11 2.98 
O 0.02 O 0.76 5.46 O O. 09 3.03 
15 0.35 0.015 0.7 4.09 0.007 0.22 3-68 
15 0 .31 O. 025 0.82 4.87 0.01 1 0.23 4 .88 
15 0.36 o. 02 0.07 5. 34 0.012 o. te 4-12 
30 O. 003 O 0.44 4 .7 0.0082 0.26 4 -29 
30 0.12 O 0.49 5.3 0.0081 0.26 4.65 
30 O. O87 O 0.42 4.7 0.012 0.23 4.32 
45 O. 13 0.0092 0.21 4.52 0.029 O. 35 4.37 
45 0.09 0.011 0.21 4.65 0.018 0.25 4.3 
45 0.08 0.009(1 0.24 4.36 O .O1 3 0.27 4.86 
Proc GLU; 



Classes Time; 
W d e l  SPN SA TH TF SAIN THIN TFIN = T m ;  
Yeans T l i e  / Duncan; 

Appendix 6.8b. MOVA o f  Tabla 6.8 (1% sinapine bisul fato) .  Tho a f f e c t  o f  t h e  on th0 
phenolic contents o f  canola pro ta in  i r o l a t o s  dur ing autocl8ving f o r  i ao la te  w l t h  1% 
sinapine b i r u l f r t e .  SPN - s i n r p i w ,  SA sinapic acid, ni = t o t a l  phsnolic do ten ined  by 
HPLC, TF = t o t a l  phenolic d o t e m i m d  by Fol in-Ciocal teu magent, SAIN = sinapic ac id  
released from insolublo~bound phonolics, TnIH = t o t a l  insolublo phonolics do ten ined  by 
HPLC, TFIN = t o t a l  insolublo phonolics detormînod by Fol ln-Ciocr l tou nagent.  

General Lînsar Yodels Procedun 

Dependent Variable: SPN 

Source DF 
üodel 3 
Er ro r  8 
Corrected T o t a l  11 

Dependent Variable: SA 

Source OF 
üodel 3 
Er ror  8 
Corrected T o t a l  11 

Dependent Variable: TH 

Source OF 
üodel 3 
Er ro r  8 
Corrected T o t a l  11 

Dependent Variable: TF 

Source DF 
üodel 3 
Er ror  8 
Corrected T o t a l  11 

Dependent Variable: SAIN 

Source OF 
üodel 3 
Er ror  0 
Corrected T o t e l  1 1  

Dependent Variable: THIN 

Source 
Yodel 
Er ror  

Sri. o f  
3 q r i . n ~  

0.00822500 
0.00042200 
0.00CU14700 

YIan 
Square 

6.82900000 
0.2727 0000 

h a n  
Squan 

20.07747500 
0.17197500 

man 
square 

26.84000000 
0.58210006 

man 
Squan 

0.66@8oooo 
0.01w5000 

F Value 
25.M 

F Valu. 
20.38 

F Value 
116.75 

F Value 
45.80 

F Value 
241.50 

F Value 
61.73 



Corrected T o t a l  11 2.Om20000 

Dependent Variable: W I N  
Sua of b a n  

Source DO S q w n s  3qri.n F V a l w  P r  F 
üodel 3 16.434ûûWO 5.47020000 42 .ôû 0.0001 
Error 8 1 .O2100000 0.12eooOOO 
Corrected T o t a l  11 17.4588ûWO 

Options linerize=78; 
T i t l e  'Phenolic contents a f t e r  autocliving, 1* Sinapi in  biaul fate,  Table 6-8-2'; 
Data ; 

Input Time 1-0 SPN 11-1@ SA 21-29 TH 31-99 TF 41-4@ SAIN 51-58 TnIN 61-69 TFIN 71-79; 
Cerds ; 
O 8-51 O 11 .a 14.99 0.02 0.2 9-08 
O 8.85 O 11.21 16.23 O 0.13 4.02 
O 8.74 O 11 .O1 16.51 0.01 O. 12 4.35 
15 6.23 O 7.2 10.31 0.43 0 .7@ 6-81 
15 6.12 O 6.92 11 -32 O .42 0.78 6.94 
15 5.89 O 6.43 9 -87 0.35 0.61 6.13 
30 6.15 0.004 6.6 10.41 0.53 0.94 6.52 
30 6.12 0.01 6.12 9 -85 0.54 0.78 7-34 
30 5.34 0.016 6.78 9.94 0.49 0 .76 6.75 
45 4.28 0.055 5.95 9.05 0 -59 1 -35 6.56 
45 5.98 0.035 4 -97 9.43 0.511 1.12 7.14 
45 S. 67 0.03 5.61 9.12 0.63 1.13 7.21 
Proc G U ;  

Classes Tue ;  
üodel SPN SA TH TF SAIN THIN TFIN = The;  
Ueans fime / Duncan; 

Appendix 6 . 8 ~ .  M V A  o f  Table 6.8 (1% ainapic acid). The e f f e c t  o f  tlme on the phenolic 
contents o f  canola pro te in  isolatea during au tochv ing  f o r  i s o l a t a  w i t h  18 ainapic i c i d .  
SPN = sinapine, SA - ainapic acid, TH = t o t a l  phanolic de ten ined  by HPLC, TF = t o t a l  
phenolic determined by Folin-Ciocaltru magant, SAXN = ainapic a c i d  releaaad f r o i  
insoluble-bound phenolics, THIN = t o t a l  insolublm piwnolica de ten ined  by HPLC, TFXN = 
t o t a l  insoluble phenolics detenined by Folîn-Ciocaltau reagent. 

General Unear Yodala Procadun 

Dependent Variable: S M  
S w  o f  man  

Source OF Squares Squan 
Yodel 3 0.051 30000 0.01710000 
Error 8 0 .O0620000 0.00077506 
Corrected To ta l  11 0.05750000 

Dependent Variable: SA 
S u  o f  b a n  

Source OF Squana âquan 
Uadel 3 1 53.6827000 51.2309000 
Error 8 1 .O450000 0.1306250 

F Value Pr F 
22 -06 0.0003 

F Value P r  > F 
302.20 0.0001 

Corrected To ta l  11 154.7377000 



Dependent Variable: TH 

Source DF 
Yodel 9 
Error 8 
Corrected T o t e l  11 

Dependent Variable: TF 

Source OF 
üodel 3 
Error 8 
Corrected T o t a l  11 

Dependent Variable: SAIN 

Source OF 
Yodel 3 
Error 8 
Corrected T o t a l  11 

Dependent Variable: THIN 

Source Of 
&del 3 
Error 8 
Corrected T o t a l  11 

Dependent Variable: TFIN 

Source OF 
&del  3 
Error 8 
Corrected T o t a l  11 

Options linesize-78; 
T i t l e  'Phenolic contente i f t e r  autoclaving, 
Data; 

m a n  
m u a n  

43.8857000 
1 .O723500 

man 
Squan 

5.235475OO 
0.12Q70000 

F Valu. 
140.88 

F Vrlue 
41 .O0 

F Value 
237.82 

F Va lw  
258.92 

F Value 
40.37 

Input T h e  1-9 SPN 11-18 SA 21-29 TH 31-39 TF 
Cards ; 
O O 10.38 12.22 14.16 
O O 11 .2 10.57 13.28 
O O 9 .98 12.31 15.48 
15 O 6.57 6.84 8.2 
15 O 6.12 6.21 8.87 
15 O 6.78 6.- 11.29 
30 0.07 3.87 4.67 8.85 
30 0.07 3.65 4 .90 9.23 
30 0.04 3.42 5.71 8 . 67 
45 0.22 0.84 2.13 3.44 
4 5 0.12 O. 04 1.92 5.82 
45 0.14 0.93 1.89 5 -67 
Proc G U ;  

Classes T h e ;  
üodel SPI SA TH TF SAIN THIN TFIN = Tue;  
Means T i i e  / Duncan; 

1% Sinapic r c i d ,  Table 6-8-3'; 

41 -48 SAIN 51 -59 THIN 81 -69 TFXN 7 1-79; 




