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ABSTRÂCT

processfng systems of ManlËoba Lake and Paddy l{lld Rfce

by

Jfmmy K. Chung

CoLour, flavour, percent breakage and cleanllness are the

maln criterfa for judging the qtraltty of finlshed w1ld rlce. The

present, study ls an attempt to investigate some of the problems l-n

the rvild rÍce industry today. The study was desígned to evaluate the

optimum processíng system for l{aniEoba lake and paddy r¡lld rice.

ResulÈs lndicated that good quality wild rice was obtafned when low

temperature curing and parchíng processfng- were used. In addition,

the hulling study indicated that extended curing periods and hullíng

after storage would increase the breakage of the rice. Above all'

the percent yield can be naximízed lf the processing system is carefully

controlled. The fl-avour characteristícs of wild rice were also

investÍgated in this study, an<l 24 sensory characterisËics vrere identífÍed.

SpecifÍc sensory characteristics strch as sltampy odour, mouldy and strong,

earthy taste and mushy texture $rere noted to be the nrain factors rvhich

contribute to unacceptability of finished wild rice.
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I. INTRODUCTION

I^Jild rice is an aquaËic cereal , native t.o North America. The

species common Lo Manítoba are annual pollínated grasses. Thís rice

has been used by Indían Tibes of the tall grass prairie regíon as a

staple food for over 300 years. Paddy produetion of wild rice was noË

started until the white man decíded to expand the wild rice industry

in the mid-1960rs. Since then, the producËion of paddy ríce has

increased to tvro or three times thaÈ of the lake rvild rice. Wild rice,

including its several varieties has an extensive disÈribution in

eastern North America, reaching from the northern end of Lake i'Iinnipeg

eastrvard along the norÈhern shores of the Great Lakes and the St.

Lawrence river to easÈern New BrunswÍck, from the central DakoËas,

\,restern Nebraska and eastern Texas, Èo the AËlantic Ocean, and along

Ëhe coast as far as central Florida (34,33). Among these areas'

Minnesota, Manitoba, trrlisconsín and Northern-trnlestern Ontario are

estimated to have the highesË productíon.

l{ild rice ís a nutritious food when compared to the oËher cereal

products. Wíld rice is relatively high in protein and l-or¿ in fat con-

tent (fl¡. The fírst recorded analysís of wild rice was rnade in 1862

by Peters (6r29) who reported that the seed contaÍned 6.7L petcent of

protein, and was made up of. L2 percent hul-Ls and 88 Percent hull free

kernels. l,lo11, ín 1899 (6,37) stated Ëhat Ì,rild rice ruas richer ín both

protein and nitrogen-free exËract than other cereals and hence should

have a higher food value. The protein contenË of the wild rice sample

studied by l,rtoll- averagecl about twice that reporÈed by Peters. Kennedy,

ín L929 (20) showed that rvild rice resembled oËher grains by the facË



thaË it was relatively rich in vítamin B and relatively deficÍent, ín

víËamin A and some oÈher minerals. In L942, Nelson and Palmer, (28)

furÈher shovred that parched rice could be regarded as a good source of

thiamine, riboflavin and nícotinic acid. Recent studies (15,12) shor¡ed

that 100 grams of raw v¡ild rice contained 353 ealories, 6.2 mg of

niacin and 14.10 gm of proÈein.

At the presenÈ time, wild rice is no longer used as a staple food

by the Indians, however, Ít stíll remains as a mosÈ important supple-

menÈary food and a source of much needed income for them. The price of

the rice has been raised from 10 cents a pound before the First I^IorId

I,lar to approximately $6.00 per pound in L972 (:0¡. Due to the high

cost, not many people can afford to consume the rÍce. In spiËe of this,

the white man has introduced about 45 recipes for the preparation of

wild rice, ranging from game-bÍrd stuffings to temptíng desserts (33).

The common r¡ray to prepare wild rice is by cooking it in boilÍng ïtater

until the ríce becomes tender.

In the wil-d rice índustry today, quality standards have not been

established for the fínished product. l,Iild rice that appears on the mar-

kets usually has a poor appearance, l-acks proper colour and is without

a standard grading size.

The present study examines the different, methods of w1Id rice

processing and has the following purposes: (a) To evaluate Èhe

different methods of wild rice processÍng by usíng different periods of

Èime and temperatures. (b) To deËermine which meËhod will irnprove t,he

overall- quality of the finished v¡ild rice. (c) To sËudy the effect of

curing and. parehing on the yield and ease of hulling of wild rice.

(d) To characËeríze the flavour of finished r¿íld ríce.



II. -LITERATURE REVIEI4T

Carr (6,9), in 1895 reported that r^¡i1d rice served the Indian both

as food and revenue; hence r¡as ôf great imporÈance Èo the varíous tribes

of the Great Lakes region. Àlthoqgh the Indian had started Èo process

wild rice Erany years ago, there rras no literature writ.ten about their

skíll of practíce and the economic importance of wild rice production.

The earliesÈ literature and records indicated that extensive harvesÈing

of wild rice has been carrÍed on for only three Èo five hundred years ( 33).

This source of informaËion \ras based on the culture of some Indian tribes.

trrlhen r¿hite man migrated to the wíld rice regions around the urid-18th

cenËury, records revealed that he had to depend upon this croP as a sEaple

and t¡inter food. Before the 20th century, Ëhe Indians harvested the rice'

hand processed Èhe crop and sold Èhe finished rice to the white man.

However, since the Èurn of the century, the rshiÈe uran has sÈarted Ëo

harvest and proeess wíld rice.

An increased demand for the product since !üorld I^Iar I has placed a

much higher requirerûenÈ on production. Mechanícal harvesting meÈhods

and semi-mechanical processing methods were introduced. There has been

a greatly increased production of wild rice in the pasË two decades

especially after Êhe wild rice industry \,ras rnodernized by utilízLng paddy

production. The first Èrue coilÍnercial paddies were developed in

Minnesota ín L964, and since then, the paddy developmenË expanded -rapidly

into l"iisconsin, Manitoba, and some areas in Ontario, Saskatchewarr,

Alberta and l,Iichigan. Paddies are usually buí1t in Èhose:regíons where

rvild rice gro\^rs naturally. After ten years of paddy productiön, problems

such as lateness of maËuríty, susceptibiliËy to helminthosporíum disease

and uniformiËy of type and non-shatÈering of seed are- sti11 troublesome



for tl¡e growfng, of paddy wlld rice (5) '

2.L. Methods of wild rfce processlng'

llarvesÈlng of wl]-d rlce usualJ.y takes place I'n lat'e Âugust an<l can

be <lone elther by hand or by machines. ftvo or three gaÈherl-ngs are

made during the harvestfng season, extending over a perfod of 15-20

days. After harvestfng the r,rfld rice has to be processed before LÈ

becomes a marketable product. The purposes of processf.ng wLld rice are

to change the overall quality and yield of the rfce as well as to allor¿

the final- producË to have a longer sËorage lffe'

ÀLl rnethods of wild rice processing incLude Ëhe fol-lowing sÈeps:

(a) curing stage in v¡hLch the immaEure graíns are allor¿ed Èo

pass into a riper stage of maturity. Many soft graíns become firm

accompanied r¡ith the development of a darker colour (14) and product

flavour Ís enhanced. The degradation of hulLs Ëhrough curing v¡ill

facilíCate hull- removal ln the later sËage of the Process (13)'

During the curing period, the rice kernels noE only change Èheir colour

but also become less fragile (35). Curing can be done by spreading the

rice on the floor in open air or by sEoring iË in a controlled atmosphere'

The former one is caLled naÈural curing and the laEter one is called

controlled curing-

(b) Parching: In this second stage of the Process' all the chemical'

physlcal.andbiologicalchangesthathavebeentakingplaceintherice

clurlngthecuringproce<lurer¿illbesEoppedbythisdryingprocess"The

purpose of parching Ís to lower the ntolsture contenE of the rlce to an

acccpLable level whlch is betwee:n 77"-LO7" moisture contcnt' Thls level

of mofsture contenc r¡il-l help clte rlce Èo have a longer shelf llfe and



a hfgher hulllng efflcfency. Lfke curln¡9, parchtng wtl1 also effect

the fragfllty and flavour of tl'¡e producÈ (13).

(c) tlulllng and cleanLng: tlulllng ls a process that separaÈes the

outer hull from the hard rfce kernel. Âfter parchlng, Ehe kernels are

ffrm and hard and lle loosely wlthtn thelr dry and brittle hulls. IE

ls the rubblng and beating actlon that separates Èhe hul1s from the hard

kernel-s. DlfferenÈ machines have been deslgned to hull rfce and they

all foLlo$t Ehe same princlple. Durfng thLs process, breakage and

scarifícation wlll- occur fn the rice. Care must be malntalned when

operating the hullers, because breakage of rice w111 cause a lower yfeld

of head rice (v¡hoLe rice) and scarLficatl-on of rice will change the

cooking characteristics of the ríce (35). The hulling and cleanLng

process takes place at the same stage. Once t,he hulls are separated

from the rice kernel-s, a counEer-currenÈ alr stream blows the hulls off

Lnto a collecting Pan.

2.L.L. Old rnethods of wild rice processing.

In the past, harvesting and processing of wi1-d rice r¿ere done by

the Indians. Their methods of processing were slmple, primitíve but

practical. No mechanical method was invol-ved. During the curíng

process, the freshl-y harvested gralns were allor¿ed to dry under the sun-

In some Indian Eribes, curing r'ras done by means of smaLl fires (6'18).

After this process, the dry grains vrere lcept unt,il it was convenienË to

do the parchlng. I,lhen parchlng, a small amounÈ of rlce l'las put fnto a

copper or fron kettle over a small ffre and heated ratlìer sËrongly for

15 mlnutes to half an hour untll the hulLs became dry and brittle. The

rlce was stlrred from tlrne to tine with a wooden paddle so as to prevent

any rfce belng overheaEed. The rlce htas allotrted ro cool after parchfng.
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It was then placed ln shallow holes llned wlth clay and with anlmal

eklns around the slde to serve â8 a mortar. A man who acted as the

pestle would sËand on the rlce and Eread the rlce by a rhythmLc move-

ment of his whole bocly coupled wtËh shuffllng of t[e feet. This

actLon caused the rlce Ëo rub agalnsc one another and Ehe husks ¡qere then

a

rubl¡ed off (34). Dlfferent Indlan tribes used dlfferent processfng

methods. However, the idea was the same.

2.L.2. Current meÈhods of rvild rice processing in Manltoba.

In the present wÍld rLce industry, Èhe Èechniques of wiLd rlce

processlng ate highly varLed. Each processor has developed hÍs own

technique and designs his orm equipment' for the process. In Manitoba'

the equipment used by the different processors are similar. llarvesting

of wild rice is mostly done by the Indians from a nearby reserve' In

certaln areas of Manitoba such as Lac du Bois, machines have been

constructed to do the harvesting (14). The freshly harvested rvild rice

Ís packed in cloth bags and transported to processing plants for Lmmedíate

processlng (Figure 1). Curing of r¿ild rice takes place in open air' The

green rice is spread out on Ëhe grouncl piling uP to a helght of about one

to one and a half feet. Some processing plants even pile up the ríce to

a helght of about three feet so as Eo accelerat'e the curl-ng process'

During curing, the rice is turned over or stirred at least once a day

and water is adde<l to the rice frequentJ-y. The purpose of doing this is

to prevenE any heaf accumulation in the rice bed. The temperature of

the rice bed usually ranges }etr¿een 37.7 C to 48.8 C dependlng upon the

bed depth. The rice is then kept under naEural condltions for a certaln

perlod of tlme untll the rlce turns to a darker colour'
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AfËer curing, the ríce is parched in ovens which are cylindrical in

structure. Gas heating is applíed from below. The oven rotates during

parehing to provide agitation of rice so that certaÍn portions of the

rice will not be overheated. Upon completion of drying a conveyor belt

carries the parched rice from the oven to the hu11er. The huller ís also

a cylindrical container mounted in a stationary position and the axle of

the huller to v¡hich flails covered with pieces of rubber hose are

attached, is rotated by motor por^/er (14). The speed of the flaíls is

carefully adjusted, so that breakage of the kernels caused by hulling

can be minimized. The beating action of the flaÍ1s on the rice and

the rubbíng actíon betrveen the rice causes the hul1s to be separated

from Èhe hard. kernels.

Anot.her type of huller, which is noË currently used in ManiËoba,

is the Kyor,ra huller (Figure 2). This hu11er is manufacÈured in Japan

and is designed for hulling rvhite rice (31). In 1971, this huller was

effectively adapted t,o the wild rice industry (¡Ol. Referring to

Figure 2, dried rice gravity-feeds dov¡n between rubber surfaced rollers

which turn in opposite directíons and at different speeds. The pressure

between the two rollers is regulaEed by a pneumatic cylinder and can be

varied. This is one advantage for using this hul1er, because different

varietíes of rice requíre different shelling pressures. The efficieney

of the huller ís abo,¿t 92% (3f ¡ .

AfËer hulling, the ríce is cleaned and size graded by the-normal

seed-cleaning operations adapted from the grain indusÈry. The average

yield for Manitoba r¡ild rice is 40%-457". This percentage índicates

tt,at 4O-45 1bs. of finíshed wild ríce is obtained from 100 1bs..of

green rice. The average for paddy wild ríce ís LO--ZO"Á. AlËhôugh the

present methods of wild rice processing are accepted commercially, sorne
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lmprovements fn both the equfpment and cechnlques are required tf

productfon and qual-fty of wfld rlce are to be lmprovcd.

2,2 Laborat,ory research on w1ld rLce processfng.

Slnce the mfd-1960, people have pald more attentlon to the quality

of ftnlshed wlld rice than ever before. I,rlorkers from varlous UnlversitLes

have recenÈly started research on wfld rfce processing and have trled to

establish a standard processfng rnethod to improve the qualfty of the

flnal product. The expecÈation ls to produce a unfform final product

which will satisfy the consumer demand. The University of l^lisconsÍn

started the research on r^¡il-d rice processing tn 1969. The specific goal

of their research was to provide a better economic base for the people

of the wild rice region through a sound product, processing and marketing

program (35). Their program is still continuing.

2.2.L. Curlng sÈudies

The University of l^lisconsin team initl-ated studies on Lhe curing

of wild rfce. They tested three systems, namely, the dry"ntet and

cooler methods (35) . I^Iooden bins were used to store the rice during

curlng. Thefr resuLts lndicated that the wet method showed a small-

increase in yield during curing, rvhile the yield for the dry and

cooler nethods remalned constanÈ except for a slighr decrease in the

flfth week. Extended curing for al-l treatments resulted ín decreased

yteld. This was due to excesslve slimy formation r'rhich led to caklng

of the rlce on the surface of the parcher and result,ed in kernel danage

through scorching and poppíng. In addltion, respLraÈion of the rice,

mLcrobial degradatlon and kernel fraglllty contrlbuted to the loss.



t_1

After three yearsf etudy on curlng¡ they found that the dry

method and non-turnfng of w|ld rlce durlng curing could noÈ be

recommended because of the development of an excessive amount of mold

and kernel damage whlch occurred during exËended storage. This led

to aevere off-flavour and a potentlal mold-toxin health hazard ln the

ftnlshed product. The wet and cooler ¡nethods produced acceptable

flnfshed rlce. An exceptlon was noted for paddy-ralsed non-shatterlng

wlld rlce whlch developed an excessl-ve amount of slime during the

ambient wet method of curfng. It was suggesÈed thaÈ the use of cooler

methods (SOo f, LOo C¡ for curing was beneffcial in slowl.ng dorvn the

rate of rnfcrobial action. This delayed the onset of kernel degradation

and thereby exËended the optÍmum processing time for wlld rice. They

further pointed out that mÍcrobial actíon began to degrade the Pro-

Eective hull after a períod of tirne. This depended on the temPerature

and mofsture cont,ent of the fermenting pile. Rapid degradation occurred

at a high temperature and moisÈure. The partially degraded hulls became

easfer Ëo remove during hulIÍng, thus increasing yíelds by reducing

kernel breakage in the huller. As curing progressed a point rvas reached

where the microbes actually began to penetrate and to degrade the ker-

nels themselves. This caused the kernels to become more fragíle' and

resulEed in easlly broken and pulverized kernels during hulLing. The

net result \^tas a decrease fn yield (35) .

Ín L972, Ehey started usÍng a controlled environment chamber for

the curing of wild rice (13). This vras an attempt to controL the

temperature and relative humÍ<llty of the environment through-out Èhe

entlre period of curing. Mecal bfns were used to hold the r,r1ld rice for

curlng. Anbfent temperature (cycled beEween l0o C and 27o C) and cool-er

temperature (10o C) were used along wlt,h a constant rel"ative humldity
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of. 95i¿ (13). Data showed that the yield of wlltl rlce cured at 'amblent

condltlons decreased progresslvely through the flve weeksr curlng whlle

the yleld of che cooler stored sample remaLned relatlvely constant for

the first two. weeks and t,hen progresslvely decreased. theLr yield data

appeared to be ln agreement, wlch years past. However, a difference 1n

plle temperature was observed beÈr¿een the two studles. A relatfvely

higher pile Èemperature was recorded 1n the curing studles of 1970 and

1971 rvhile, Ln L972's curfng sÈudy, a relatively lower pile temperature

was observed. The reasons were due to the immaturity of the L972 tLce

and lmproved aeratLon of rlrre L972 rice during curing. Other changes

such as colour and odour were observed ln the curlng rice (13). Lake

rice was darker initialLy tllan paddy rice and contl-nued to deveLop

darker kernels much faster than paddy rice. Swampy odours rvere detected

durÍng the later stages of the curing process.

The main objective of the 1973 study at lnlisconsin rüas to evaluate

the different t,echniques that could be used to extend Èhe curing time
:.

for wild rice (29). One important result, was t,he report of botulisur-

type organísms on the rice piJ-e cured under an anaerobic condition.

Their results indicated that aeration was an importanÈ factor for curing"

It did not only effect Lhe pile temperature of wild rice but also the

pH of the rice. Both Ëemperature and pH affected the type of micro-

organisms found on the rice.

Kernel fragtlity is one of the rnain factors that effect the quality

of wtld rice. It r,ras found that the length of the curlng time dld not

markedly affect tirls fact zfng treatment before curLng, however,

fncreased kernel fraglllty (29). ThÍs was due to stress development

durfng rapid freezing.

The trllsconsln sÈudy demonstrated Lhat tl¡e temperaEure used ln the
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curl.ng process and the length of time that rfce fs held ln curfng sÈorage

wlll affect the ylel<t of flnlshed rlce. Thelr data lndlcaÈed that the

percentage yield of rlce curcd at a lowcr temperature wLll have l-fs

percentage yleld decreascd ln a slor.rer rate than rice cured at a hlgher

temperature (2,g) ,

2.2.2. Parchlng studles

Parchfng studies on wild rlce have been carried out at Ëhe

Unfversity of tliscorrsin sÍnce L970. The purpose of their studles was

not only concerned with horv to dry t,he rice Ln the least posslble time,

but also with how to obtain the maximum whole rice yleld after hulling

(13) . Their studles indicated that the design of the parchers, drying

time and temperature ef f ect,ed the qual-lty of the f inal- product.

W1ld rice was susceptible to popping and fragile kernels resul-ted

1f the rice was not agiLaËed duríng parching. In additíon' rice

cure<l for an ext,ended period of time was easily burnt if a temperature

of. 82.20 C or above was used. Their data on r¡ild rice texture indicated

that scorched or burnt rice took up $rater faster during cooking. This

change of coolcing characteristícs altered Ehe Èexture of the cooked

rtce (L3). Paddy rice rvas the most dÍfficult among all the types of

wild rice to parch. An advanËage of parching' as reporre<l by the

researchers, was Ehat ÍE r¿eakened the hul-ls of r"rild rice through seorching

, ênd thus promoted easler hulllng (6).

Results of the 1972 studles demonstrated thaÈ Èhe yield increased

as drying tlme decreasecl (f:¡. Horvever, lhe high rate of drylng was

not consldered a good method for practlcal purposes (4). The advantage

fn using thfs method was that it turned out a large volume of grafn 1n

a shorter perlod of time even when uslng a small holdtng capacfty dryer (4).
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l.llsconsfn workers further shor¡ed thaÈ, for eloet drylng, the yleld was

decreased because 1ow temperatures were used (13). Tl¡f s lol'r temperature

was below gelatl-nlzatlon temperature (62oC - 6S0 C) (23) and consequent-

ly a more fragile kernel resul-tecl. Âs a consequence most of the kernels

cracked during hulllng.

The hetght of Ehe rice bed ln the parchf.ng operation had an effect

on t,he percenÈage yleld of the rlce (9). A statlonary rlce bed depCh

of slx inches r¡ras reco¡nmended in order to Prevent any yfeLd loss (13).

A study on clrying of seeds by NelltsÈ and Hughes (27) revealed that the

use of excessÍve heat durlng the dryÍng of seed would lead to internal

cracks and discolouration of the producË. Ban (4) also reported that

sudden drylng or high rate drying llas the major cause of rice cracking.

2.2.3. Hullíng studies

The percentage head rice is considered as a quality and economÍc

factor of the ffnished rice. Head rice, as defined by Ëhe rqild rlce

industry is the Percent of whole and unbroken kernels Ín a sample (35) '

Ifost kernel breakages occurred during the hu1-l"1ng process. A portion of

the breakages occurred due Èo improper operation of Èlle machfnery and

the rest are a result of improper curing and parching. The,different

designs of hullers are belíeved to effect the percentage yiel-d of head

rtce (35,13). In 1971, I'fattherus, Veal and DeobaLe (26) showed thaÈ the

laboratory lfcgill hul-ler broke slightly more rice than the commercial

Kyowa huller.

In 1973 a labora¿ory model Kyor,ra huller was used in the University

of wisconsin to hull small samples of wlld rlce (29). DaÈa lndicated

that 90-95% of hulls \Àtere removecl 1n a single pass. Thls flgure fs

an indicatLon of huller performance. The hulLer performance 1s evaluated
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1n terms of huller efflclencY.

In addltlon to

hulllng also led to

sequently effected

rlce breakage, as reported by t,he Wisconsln workers,

scarlflcatlon of wlld rlce. These tÌ"to'factors sub-

the cooklng characterlstlcs of the product (13).

2.2.4. Evaluation of appearance' flavour and texture.

The many nethods of wlld rice processfng gf-ve rfse to final products

with many variatfons in appearance, flavour and texËure. Some of these

varlations are generally unaccepÈable. Therefore lt ls lmportant to

study how the different types of flavour develop throughout the process

and how the process effects the appearance and texture of fhe product,

in order to have controls on the process.

Sensory evaluation of wild rice was first started Ín 1970 (35) at

the University of l,trísconsin. The taste of wild rice vras described at

thaÈ Èime as bland, grassy, moldy, swampy, bitter¡ toasted, medicinal

and starchy. More information r¿as obÈained from LgTL's and Lg72's study

(13). Taste panel data shovred patt,erns of r,¡ild rice fl-avour development.

The arnbient temperature curing yíelds full flavoured wild rice after

one week and onl-y lirnited moldy flavour developed after five weeks. The

cooler temperature curing yielded a more consistent product with a less

intense tea-like flavour. A slfghtly earthy flavour became apParent

after two r¡eekfs holding, and even after five weekts ho1-ding the flavour

rÂras not, highly pronounced. On the other hand, the tea-like and gralny

flavour became less pronounced as curfng progressed. Dat,a also showed

thaE parchfng process added toasted flavour to the producE and this

flavour was parÈly due to Èhe sllmy naÈure of the rfce after extended
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curing time. Thís phenomenon is more likely to happen on paddy rice'

In addÍtion to flavour evaluation, a study on apPearance and

textural qualities \^tas also reported by Èhe researchers at the Universlty

of I,Iisconsin (13). This study revealed that" the time for Èhe conversion

of the greenish-black colour of the kernel to a brov¡nish-black colour

was one to E\ro r¿eeks for ambient curing conditions and three or four

çreeks for cooler conditíons. The other apPearance characteristícs

ríce such as kernel breakage, splitness and curliness were mainly

affected by Ehe parching and hulling processes. The texture of !¡ild
..1

rice did not appear to be affected by curing, unless severe mold damage

to kernels occurred. In such cases the kernels took up ltaÈer more

rapidly and became split, soft and overcooked. Similar to the appear-

ance character, the texture was mosËly affecËed by the parching and

hulling processes.

Paddy rice behaved sinilarily with lake rice in mosË of these

cl-raracteristics except that a lack of flavour development tras noted (13).

This was due Ëo Ëhe immaËure nature of the rice'

Further research on wild rice flavour !Ías carried out in 1973 ( 30)'

Most of the data showed agreement with previous results excepË the

development of a toasted flavour as mentíoned before. Data showed that

parching of r,rild rice did not contribuÈe a toasted flavour to the rvild

rice. Moldy flavour \^7as ,controlled by curing the rice at a lower

temperature (4.4 C). A st.udy on chemical EreaËBent of r^rild-rice shorved

ËhaÈ r,rild rice treaÈed \üíËh chemical such as chlorine -or sorbaËe before

curing yielded a strong chemical and medicinal flavour which was- highly

undesirable ( 30)
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2,3 Otl¡er factors that affect the process and the product qualfties.

Colour, flavour and percentage breakage are Èhe maln crlterla for

Juctging Èhe qualfties of flnlshecl r.rlld rfce. these qualfcy characters

are not only àffected by the dlfferen! curing,, parchfng and hullfng

techniques, bu¡ can also be affecÈed by factors such as seed maturlty'

freezing of seeds before processing and moisture content.

2"3"L. Seed maturitY.

Due to the facÈ that wild rLce matures unevenly, part of the

fmmature wild rLce ls harvested for processing. Durf.ng the curing

process, the immature wild rfce does not undergo the same changes as

nature r¡ild rice, and this results in a great varlety of quality Ín the

final product (ß,2;). Capen and LeCl-erc in 1947 (6) shorved that the

imnature seed v¡as only sllghtly poorer in protein and was somewhat

higher in sulfer than mature seed. They further reported that the

mature wild rice was one-third heavier than the imrnature rice. A study

on premat,ure grains shows that immaËure grains reduces both yield and

quality of the procluct and is lor¡ in sÈarch conLent (24). In addÍtion'

immature kernels are subjected Ëo easy breakage (25) and lack flavour

(13). DurÍng the curÍng procedure, a higher pile tenperaËure was

recorded for mature wild rice and this enabled the rlce to change lts

overall quality an<l immature rice did not appear to react Ehe same (13).

2.3"2. Frozen storage before processing.

Ifore tfian a century ago, Scharling observed that r¿hen starch

pas¡es r.rere f rozen and thawed they form a spongellke mass (f 9) . Current

research by Jones (19) on white rfce shorued t[at freeze-processlng
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strucËurally changed the final product. Further results indicated that

freeze-processed rice vlas found to be more resistant to attack by

the enzyme beÈa-amylase (19). Hustrulid (17), in his study on wheat

drying, revealed that ftozen sËorage had no effecÈ on the drying process'

In 1970, it was reported from the University of lJisconsin, that

laboratory holding of. freezing green wild rice showed very few changes

had occurred over a yearrs storage. Horn¡ever, the fteezirrg-process

rnight alter the microbial populations and subsequently affect the curíng

process (35). FurÈher research ín 1973 (f3), had showed that fteeze-

processed wild ríce vlas lower in yield and had a poor hulling efficiency'

The product demonstrated excessive cracking and had white centers.

Horvever, this rneËhod of processing showed no effect on the flavour of the

ríce (30 ) .

The literature review reveals Èhe current knowledge on the commercial

and laboratory r,rild rice processing. Unfortunately, information con-

cerning the qualíty standard of wild rice-is not available at the presenÈ

time. As t.he popularity of wild rice increases, a gradíng system for

Ëhe product is highly desirable. Food scientists at the University of

Wisconsin have noted Èhat, in the establishing of grades for the wild

rice, it would be ideal if all descriptions could be in concrete and

measurable terms (35). They have further suggested thaÈ when grading

wild ríce, facÈors such as kernel síze, kernel damage, broken kernels,

chalky kernels (opague cenÈers) and'.colour are needed to be considered-

However, even with modern ilay instruments, it is impossible Ëo measure

all quality factors in a positive or numerical value. More positive

descrípËions r¡ill be available in the future as -more economical, precise

quality rneasuriûg equipnent a::e deiveloped (35) . The - presenË -study -extends
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the linorvledge on processíng systems with specific ernphasis on methods

and materials.
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1II. METHODS AND MATERIALS

3.1. Experimental Design:

3.1.1. Introduction.

The DepartmenÈ obtained 11000 pounds green lake rice and 300

pounds green paddy rice from the Indían Rice Producers co-op Limited in

lat,e August, 1973. This lot of rvild rice \^las processed in early L974

after 6 monËhs storage at a Ëemperature of -32oF. In SepËernber, L974,

the DepartmenË purchased another 500 pounds of green lake rÍce from

Eil-een Lalce and 500 pounds of green paddy rÍce from sprague. This

rice was processed immediately after harvesting. All wíld ríce either

f.or frozen sËorage or for direcË processing I^Iere thoroughly washed in

order to remove sand, \^7orms and plant debris. About 100 pounds of

cured lake rice was purchased from Northland l^Iild Rice Company, I{innipeg'

for prelíininary studíes on parching'

Two conËrolled envíronmenË cabinets with internal measurement of

5'6" x 7t6" x B" high ffere purchased from P.M. Industríes, Inlinnipeg'

and \,rere installed in Èhe Department (Fígures 3 + 4). A fan was desígned

for air exchange between the inside and the outside air. The aír was

changed at a rate of 11270 c.f.m"

A two-burner Jabez tsurns coffee roaster was purchased second hand

frorn Clubhouse Coffee in Toronto for our parching studies ' Each of

the Ëvro units \,üere capable of holding a maxímum of one pound of ríce'

The units rvere heated wiËh gas jets and rotated at a speed of 55 r'p'm'

(Figure5).Themotorusedtorotatetheunitswasl/6h.p..

A single roller huller designed by a technician ín the Department

of Plant Science r¿as used for hulling studies. The metal roller was

covered wíth rubber (Figure 6). 
^ 

I/6 h.p. motor hTas used for turning
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Fiqure 5. Jahez Burns 2 Unit Coffee RoasËer r¡ít.h Thermocouples Hooked to Èhe

Multipoínt Recorder
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Fj¡¡irr:e 6. A sing,le Roller Hul-ler
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the roller and Èhe fan for hulling and cleaning purposes. The efficiency

of the hul-ler varied and rvas dependant upon the treatment of the rice

prior Ëo dehulling.

The parched and hull-ed wild rice was cleaned and separated into

broken and unbroken grains by passíng the rice through a clípper cleaner,

manufactured by A.T. Ferrell & Co., Sagínaw, I'flchigan. The finished

wild rice was quality eval-uated for three main characteristics, colour,

kernel breakage and flavour since they were considered to be the major

factors affecËed by the various processing systems. The raw data was

analysed statist,ically uÈilízíng the randomized blocks design and the

means were evaluated by the Duncan Multiple Range test.

3.L.2. Design of curing and parching studies.

Mixed lots of lake and paddy wild rice harvested in late August

r¿ere obtained by the Department in earl-y September L973. The ríce rvas

Èhoroughly washed, packed in cloth bags and \,Ias stored for síx months

aÈ a temperature of. -3201 before processing. In September, L974,

another 1oÈ of lake and paddy wil-d rice was obtaíned by the DepartmenË.

This ríce hras processed ímmediately after washing. The curing and

parching environmenËs for these Èwo seasons I wild rice r,\rere the same:

a) Treatment 1: The curing temperature hras 10oC with a relative

humídity of. 957". One randomized sample \ìras removed each r,reek for a

period of 9 weeks. This sample was parched using 2 different times and

temperatures as follows

1- Low ternperature parchíng: Inítía1 temperaÈure of the rice

was the same as room t,emperaËure and r¿as gradually raised to 79.5oC.

The enËÍre parching tíme was 50 minutes.

2. Hígh ternperature parching: Initial temperaËure of the rice
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!,ras the same as room temperature and was gradually raised

The entire parchíng time was 25 minuÈes.

b ) TreaËment 2: The curing Èemperature I^'as zL.Io C with

hurnídity of 957". One randornÍzed sample vras removed .each '

períod of 5 weeks and parched ,with the same 'condit.lons -as

ro 1350 c.

a relative

¡¿eek for a

-menticined'

above.

c ) TreatmenË 3: The curing temperature was 32.20 C with a relat.ive

hunridity of 957(. One randomized sample vlas removed every 5 days' for

a period of 15 days for lake rice and l-0 days for paddy r¿ild rice.

The parching condiËions r"¡ere the same as mentioned above.

The reasons for selecting these ËreaËments urere as follows. Firstly,

the 10o C Ëemperature curing showed goód success according to the resulÈs

from Wisconsin. Secondly, the 21.10 C temperature curing reflected Ëhe

approximate ambient curing condition used by wild rice processors in

Manitoba. Thirdly, the 31.10 C temperature curing \,¡as selected because

r,¡e wíshed to compare high speed curing with oÈher t\ùo curing ËreaÈments

and some ManiËoba i¡ild rice processors use this high temperature environ-

ment in their operaËion. The purpose of using tr¡o different temPeratures

for parching was to compare the advanÈages and dísadvantages of Èhe tr¡o

condítions. The lov¡ temperature used-was just above gelatinization

temperature of wild rice and the high temperature is just below the

maximum recommended parching temperature (23).

3.1.3. Design of hulling study.

Thís study involved a comparaEive study and a storage study on

the ease of hulling of wíld rice. The fornert:t¡à tùas to compare-Èhe

ease,,of hulling of wild'rice' cured--at-dífferent periods'of-time and'

also to compare. the rice cured at different-temperatures'. The latter
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one üras to sÈudy the affect of storage of parched ríce on the ease

of hulling. In these studíes the parameËer used for measuring (ease of

hulling) was the pereentage hulled rice after passing one Ëime through

the hul-ler. For the comparative study, wild rice samples sËored at Ëhe

lower te¡lperature (lOoc arrd, 2L.toC);rùere taken out weekly while Èhose

stored aÈ a higher temperature (¡f.toC) were taken out every fíve days

for evaluation

For the sËorage study, a randomized sampl-e of abouE 5 pounds was

taken out, mid-way through each of the different curíng trea|ments. One

hundred grams of rice rvas hul-lecl immediately after parching and the rest

\oras stored at room temperaËure. That same size of sample was hulled

every 5 days for a períod of B0 days.

3.L.4. Design for sensory evaluatlon.

The main objective of this study \,ras to develop profiles for

characterízation of the appearance, texÈure and flavour of wild ríce.

These profiles were used Ëo evaluate the procluct that rnras obtaíned from

the processing studies. It was antícipated that these profiles would be

a guide line for rvild rice consumers, processors and for later research.

A ballot of 24 7-points scales was designed for these studies. The scales

represented the 24 sensory characÈeristÍcs of wild rice as selected by the

panel. These scales r¿ere classífíed under 5 categories such as appearance,

arona, tasËe, Lexture and aftertaste. A group of 6 panel members were

asked to evaluate the rice samples sensorially accordl-ng to the scales.

The results were subsequently used to buíld up the profiles which

represented the product from each processing system. In addition, the

results r,rere also analysed statistícal.ly to obtaín more precise informa-

tion concerning the difference among the different processíng systems.
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3.2. Experlmental procedure.

thfs secËLon deals wlth the approprfate experimenËal procedures

used 1n each of the studles conduct,ed. Four dlfferent, loËs of wlld

rlce were utlLfzed for these studies, namely, the L973's and L974ts

lake and paddy w1ld rice. Ä11 the lots were test,ed with the same condL-

tÍons for all studles.

3.2,L. Sample preparation for processLng.

The lake rLce and paddy r¡ild rlce harvested in August,L973, stere

received by the Department and thoroughly washed with water. These 2

lots were then packed in cloth bags and storéd at a tenperature of

-32o f fot 6 monËhs before belng processed. those lots harvested in

August, L974, qrere treated the same way except that they were processed

wLthout f.tozen storage.

3.2.2. Processing.

Cylindrical metal containers measured 2 feet high and 1 foot in

diameter were used to hold the rice during curing. SÍxteen 1/8" holes

were dr1lled on the bottom of each container for draining and aeration

purposes. As mentfoned on Ehe previous section, three dlfferent curing

trials were used for aL1 rice samples. For each trial and for each

lot, four contafners (four replicates) holding 18 lbs. of wiLd rlce each

(represenÈing a depth of. L2 inches), were used

Before t,he start of each curfng trlal, six samples of 25O gms each

representing green r¡ild rfce were taken out randomly frorn Ehe four con-

tainers. The temperature of the rlce bed 1n each of the four contalners

was also recorded. AfÈer these procedures r{ere finlshecl, the contalners
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!¡ere placed int,o the controlled envÍronment cabineËs. The cabinets

had been operating for approximately 1 week príor .to use aË the desired

temperature and rel-åtiúe hurnidíty

The temperature and relaÈive humidíty of the cabinets were care-

fully monítored every day. The temperature of the rice bed was recorded

each day by means of a thermometer. This thermomeÈer. rras inserted ínto

the centre of the rice pile in each container untll a constant tempera-

ture \^ras observed. The rice was also turned over dailv. About 350 ml

of fresh vrater r¿as added to each conEainer Ëhree Ëimes every week.

Each week, six samples of. 250 gm each ¡¡ere taken ouË. randomly from

four containers. Ltrhen the 10o C environment r¡¡as used, thís practice

contínued for 9 weeks and when the 21.10 C environment,hras used the time

period was 5 weeks. For the 31.10 c temperature curing, samples were

taken out every 5 days ín the same manner for a period-of 15 days.

All samples r'rere processed and analysed as follorvs:

1. Ifoísture. content of the rice was immeáiately analysed.

2. The 6 samples were separated into 2 groups of 3 replicates. One

of the groups was parched by the hígh tenperature system and the other

by the 1ow temperature system. These systems r^¡ere specified in section

3.L.2. The temperature inside each unit of the coffee roaster \,ras

moniËored throughout the entire period of dryíng. Copper and const,antan

thermocouples were used for temperature meàsureEent. The tefiperature !üas

recorded on a multipoínt recorder which had been standardized by means

of a minirnite wiËh reference to a Thermocouple Temperature MillivoÈe

Table before use. Both Ëhe multipoint recorder and the,minimíte were

manufactured by The Thermo Electric Company. By the end of the drying

t,ime; approximately 10 gm of rice was .removed and.:ptrâced ín-.'a thermo
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cup for instant t.emperature measurement. This temperature r¡ras measured

by ínserting a thermometer into the centre of the rice bed.

3. Moisture content of the ríce was measured again after parching.

4. The samples were then weighed before and afËer hulling.

5. The hu1led rice was cleaned by means of a clipper.

6, The Hunter Lab D25 Colour Difference MeËer r^ras used to measure the

colour of the finished rice.

3.2.3. llul-ling analysis :

The purpose of this study r^ras to evaluate the effect of the

dif f erent processÍng system on ease of hulling. A1l- samples r¡rere

and hulled separately after parching. Each sample was allowed Èo

through Èhe huller once. The hulIed and unhul-l-ed rice were then

weighed

pass

100

and

pre-

separated by hand and weighed. These measurements hrere used for study

of the effect of the processing sysËems on the ease of hulling the rice.

The following procedure ¡¿as used to obtaÍn the perceht yield of

finished rice. The sampl-es used to evaluate the ease of hulling were

contínued in this study as follows. The unhulled portion of the rice

sample vras put back Ëhrough the hulLer until the entire sampl.e was

hulled. The total hulled rice was weighed. This measurement was used

to represent Ëhe yield of the rice from a part,icular process.

percenr yierd or rinished ríce = wË' of 
Ti:i: ;:ï.Í:i'ken 

and 
*

The hulled rice obtained from the above procedure was cleaned

s_eparated into two portions by passing the ríce Èhrough the clipper

viously referred Ëo in section 3.1.1.. The síze of the tr^ro screens

used was 8/64" x 3/4" and number B. The portion of rice wiÈh

longer kernel length (1 cm or longer) was consídered as whole rice
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Èhe other portion was consldered as broken rice (fS¡.

The effect of storing parched rice for a period of tirner,prior to

hullíng was evaluated in a second study. A sampl-e of five pounds of

rice was. taken out randomly frorn t,he four containers mid-way through

each of the differenÈ curing t,reatments. All rice samples were parched

by the high tenperaÈure system. One hundred grams of rice were randomly

removed from each sample and hulled immediately after parching. This

was repeated at 5 day inÈervals for 80 days,

sample was allol¡ed to pass through the huller once. Hulled

rice and unhulled r.ice was separated by hand and each portion was

weighed. The percent huLled ríce was calculated as follows:

wt. of hulled rice (broken & whole kerneld x 100wÈ. of rice before hulling

wt. of unhull-ed rice x 100¡^rt. of rice before hulling

3.2.4. Sample preparation for sensory analysis.

A tot.al of 80 samples rnrere collected from the l0o C curing environ-

ment,48 sarnples from 2I.Lo C curíng environment and 32 samples from

the 31.10 C environment. This gave a ÈoËal of 160 samples for the

sensory evaluaËion. It ¡¿as not necessary to evaluate all of these

and therefore specific samples were selected for these studies. The

samples seleeted for the sensory eval-uations are presented in TabLe 1 .

These samples ríere sel-ected on the basis of the preliminary study on

Èhe flavour and acceptability of r¿ild rice. The preliminary study

revealed that v¡i1d rice cured at high temperaÈures such as 2L.1o C and

31 .10 C r,rere highly unacceptable after an.extended curing time.

All samples were cleaned and sËored,:at-room'temperature until they

r¿ere ready .f or the taste panel. There were three .replicates for'each

percenË hulIed rice =

percent unhulled rice



Table 1. Methods of sampJ-ing for sensory analysÍs of flnished w1ld
rlce. These ¡nethods were common for both Lake and Paddy
wfld rfce and for Low and High Temperature parchlng.

Length of curing tlme

32

Curing
Temperature l^Ieeks of curing

1oo c
21.10 c Bt 2

EI
EI
3

4

tr El 7 I trl

Davs of curing

3t.10 c E El El rs

tl Samples used in the Taste Panel
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sample except for paddy rfce whlch had only two repllcates because of

the lower yfeld of the rlce. Â11 samples and replfcaÈes were taken out

randomLy for the taste panel and were prepared as follows:

MATERIALS: Three gourmet doubl-e bollers manufactured by Corning, a

500-ml measurlng cylfnder, sÍeves.

METTIOD: 1. Three samples of 40 gm each were wefghed out for each

taste panel

2. Each rLce sample was washed three tfnes with clean r"aËer.

3. For 40 gm of rfce, 280 ml of water were used for coolclng (13).

4. The water in the boiler was heaÈed Èo boilf-ng before the

rfce was added. The cooking time r¡as 45 minutes.

5, DurLng cooklng, the temperature of the tùater was kept just

at the boiling polnt.

6. After 45 minutes cookLng tf.me, excessive water was drained

away with a sieve.

7. A spoonfull of rice from each sampl-e was put fnto a 2 oz.

lily cup ancl rvas served immediately. This ensured that the rfce r^ras

still r¡arm whil,e beÍng tasted.

Three different rice samples were presented to each judge for

evaluatlon at each taste panel. They r¡ere asked to evaluate the sampl-es

according to Èhe instructions on the ballot (Âppendix 1). For each

panel sessfon, the judges were the same for all the trials used.

3.3 Evaluation of the product.

3. 3. 1. Ì'folsture content measurement .

Standard vacuum oven method as described ln AOÂC (2r3).

o.E
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3.3.2. Colour MeasuremenË.

In the r¡ild rice industry, suitable colour development has been

established as one of thè primary quality factors invol-ved in markeÈ

value of wild rice (13). Unfortunately, no standard meÈhod has been

established for colour measuremenÈ. The Hunter Model D25 colour

difference meÈer has been widely used for Ëhe measurement of the cotrour

of graíns. It has been used to measure the colour of r¿hite ríce in the

riee industry ( 3D and has al-so been used for the evaluation of wheat

class and grade (11).

A descripËion of colour measurement has been presenEed in Chan-

Gerbasi's Theses (10,16).

For rneasurÍng the colour of ¡vild rice, the three colour values

r¡ere used to calculate Èhe total colour difference of each rice sample

compared Ëo a colour standard. The total colour differenc. (A¡)

indicates the difference in .colour betrueen the specimen and Èhe colour

sEandard. The larger af,. AE value, the larger is Èhe colour difference

between the speciroån and the colour standard. A good finished wild rice

should have a colour of dark brown to black. lhis was why a white

colour sËandard Lile r¿as selected. as the reference havíng the following

value: L = 93.8, aL ='-1.1, bL = 2.3. The difference óf each colour

component has a value or Al , A^t ana Abr,. These values are used to

caleulate [E where:
.

An = -/ ,Al)2 + (AaL)2 * (Aur)2

Ar. = L standârd - L sample

AaL = aL standard - aL sauptre

Abt =-bt standard -'bL samole
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3.3.3. Sensory analysis.

A group of 10 sËudents and staff from the DeparËment \ùere trained

to identify the flavcur of wild rice. They were also asked to describe

its texture and appearance. A series of training sessions and panel

discussions llere held in the sunurer of L974. Commercial rvild rice

purchased from Lac Du Bois, Northland wild rice company and The Indian

Rice Producer Co-op Ltd. and rvild rice processed in the Department, were

used during the training sessions. .The purpose of using wild rice from

differenû processing plants was two-fol-d; first, Ëo acquainË the panel-

Ísts \rith wfld rice processed under different techniques, and secondly,

to make them aware Ëhat Ëhe taste, texture and appearance of r¡i1d rice

were different depending on the source.

Panel training was held tr¿Íce a r¡eek followed by díscussion for

a period of 4 months. AfËer the training period, all panelists were

able to recogníze the different types of flavour and disÈinguished the

r¡ild rice frorn different. sources. The panelists held a discussion

period afËer each training sessÍon during which the various sensory

characterÍstics were discussed and recognízed. Many descriptive words

used to characterize'the flavour, texture and appearance of wild rice

were created thror¡gh the taste panels. Among,.these r¡ords, twenty four

were picked out and r¿ere classified into appearance, aroma) taste, 
I

texture and after tasÈe of rsild rice. This classification r,vas-constructed

as the format of"the ballot used for sensory analysis of al-l wí1d rice

samples. All the results were analysed sËatistically by the.randomÍzed

blocks design (1).
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IV RESIJLTS AND DISCUSSION

The studies oïÌ the processing of wild rice were carried ouE

betrareen October, Lg73 and l)ecember, 1974. Lake and paddy wild rice

grown in 1973 arrð. L974 rvere utilízed ín this study. The maLn objectives

of this research ürere to evaluate the effect of the different processing

systems on the yield, flavour and colour of the fínal product. A

second objective \,ras to characterize the flavor of finished wild rl-ce.

It was also possible to compare Èhe effecË of tr¡o growíng seasons on

the processing of vrild rice and the quality of Ëhe final product.

4.1. General observations of Ëhe curing of wild rice.

During Èhe curing process, many changes occurred in the wild rice

whích \,Ie slere able to observe visually or by means of measurements'

Many of these changes could be readily observed in n¡ild rice cured at

31.loc. Wild rice cured at this temperature showed rapid colour and

odour changes. Physieal breakdo\irn apparently was acceleraÈed by the

high temperature. I^Iild rice cured at 2L. loC shoroed similar changes

except that the physical breakdornm occurred at a reLatively slornTer

rate. Llild rice cured at these Ëwo temperatures developed a very un-

acceptable appearance and odour part \"/ay through the curing studíes.

l{íld rice cured at, the cooler temperature (10oC) \,ras a success ín terms

of visual observaËion. The physical appearance, colour and odour lrere

acceptable throughout the entire curing studies. SproutÍng occurreil

after six weeks vrith lake rice but this did not happen with paddy wild

rice. This phenomenon indicaËed that lake rice vlas still physiologically

active at Ëhe laËer stages of curing.
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4.1.1. Rlce bed temperature

The becl temperaËurc of the rice cured at lOoC sltowcd l1ttle flrrcÈua-

Èfon fronr ¡he control Èempcraturc throughout the entlre curlng storage.

Thls temperaÈure ranged from 10.5oC - 13oC for both 1973 an<I 1974 rlce

and 1r remaLnecl almost consÈanË after two-thlrds of tlte ctrrlng perlod

(Flgure 7). For tl¡e zL.Loc and 31.loc curlng temperatures, a hlgher

becl ternperaËure vras recorded for the 1974rs lake rfce (Figures 9' 11).

The t,emperat,ure ranged fronr lBoC to 34oC for the zL.Loc curÍng sÈudy

and ranged from 24oc to 44oc f.ot the 31.1oc curing study. rn Èhe

later stages of curÍng, the rice becl temperature tended Èo rise at

both 21.1oc and 31.loc.

In general, paddy r¿ild rlce had a higher rice bed temperature Èhan

lake rice. This might be clue to Che fact that paddy r¿ilcl rice ¡+as

smal-ler in size with less air space betrveen the rice. This resulted in

more heat accumulation 1n the rice pi1e. I^lhen comparing Èhe tr¡o seasonst

paddy wil-d rice data, the bed ÈemDeratures \ùere nearly the same except

thaÈ more flucËuation occurred in 1974' s (Fígures B, 10' 12). Unlike

lake rice, the bed temperaËure of paddy v¡l-Ld rice decreased during the

later stages of the curing perlod. This decrease in temperature mÍght

fndícate that paddy wild rice was physiologícally less active than lake

wÍlcl rice aE thís perlod of tirne.

Wil-d rice has to be r¡ell han<lLed during curing to give high quality

ffnal product. l,Jell cured rfce has to have the following atLrlbutes:

1. high yleld; 2. acceptable colour; 3. acceptable flavour.

Tl'rese 3 factors w111 be more fully dfscussed laËer.

Bed ternperature \¡¡as an l-mportant lndlcator of good control during

the curlng process. Factors thaÈ contribuËed to the bed temperature
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Rlce Bed Temr¡erature of Lake l,llld Rice Cured at
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Flgure
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11. Rlce lled TemperaËure of T,ake l^tfl<l Rlce Crrred
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include type of rice, í.e, lake, paddy; sPeclfic genotype of rl-ce:

"maturity of the rice"; rice size; curing envíronment; roethod of

handling during curlng, i.e. turning and waËering.

Many of those factors were not controlled in our studÍes' \tere

noÈ controlled by cormrercial processors and were accepted as part of

the experiruenÈal error.

The curing environment appeared Èo pLay a major role in developing

the Ëemperature in the curíng bed of ríce. The lo¡¿er Ëhe Èemperature

of the curing environment, the easier it, was to control the temperature

of the ríce bed (Figures 7 - L2 inclusive).

Rapid increase in temperaËure during the final stages of curing

at 2L.1oC and 3t.loC indicated physiological deterioration of the rice.

This did not develop when rice was cured aÈ lOoC. In summary, ríce

rvas easíer Ëo handle when cured at 1or"r temPerature (10oC) .

4.T.2. Colour, odour and other visual changes

Freshly harvested lake and paddy wild ríce usually are green in

colour. AfÈer harvesting, Ëhe green colour starts to change to a

darker appearance. For the samples used in these studies' Ëhe rate

of colour change was more rapid for l-ake rice than for paddy rice.

This colour change rr¡as observed during the shipment, storage and

curing of both types.

The raÈe of colour change in wild-rice \¡Ias proporËional Èo the

curíng environments (Figure 13 - 15). This change occurred raÈher

slorvly wíth low temperature curing (tOoC) and more rapidl-y aË higher

t.emperature curl-ng. The pattern of col-our change for lake rice was

Èhe same for all treatments. The.colourrchange-was as follorls; green
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Figure 13. the Colour Chanp,e of Lake lllld Rtce Cure<l
at 10 oc
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Flgure 14.
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At

Ftgure 15. The Colqur Change of Lake Wlld Rice Cure<l
at 31.loc
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to bror"rnlsh green, deep bror¡nish Breen, and then deep bror¡n. The

flnal colour tended to fade towards the cnd of each curlng treatment

and became a bro$tnlsh yelloru.

For paddy wild rice, the paÈtern of colorrr developrnent v¡as

dlfferent from lake rice. The colour changecl from green to yellor.¡ish

green, Ëhen Eo brownlsh yellow. IË was very possfble thaÈ some essential

components for the development of a darker col-our vtere not present ln

paddy wild rfce.

The development of odour in curLng lake wfld rfce v,¡as similar for

all Ereatments. The green rice rvas dominated by a grassy odour. The

text,ure of the rice was firm and appeared clean. Gradually the odour

changed to a fishy character and the colour began to develop. As the

colour deepened, an earthy odour developed. This earthy odour lasted

for about Ll3 oÍ. the curing period. DurJ.ng this stage the rice kernel

had the darkest appearance and firrnest texËure indfcating that thls

r¿as the optimum time to carry out parching. By the end of this stage'

a strong earthy odour r^ras dominant and gradually changed Èo a s\vampy

odour l-ndicating thaÈ the lake rice had sLarÈed to deterlorate" This

phenomenon occurred about 213 of the way through the curing trÍ41'

the deterioration of lake rice was characterized by Èhe follorving:

1. HÍgh bed temperature
2. Strong sqtampy odour
3. Slirny texture
4. Dirty in appearance
5. Colour fadfng
6. Soft kernels
7 . Reduced volurne of rice
B. l{lgher moisture content

Pactdy wild rlce ha<l a sfmllar odour deveLopment to lake rlce.

Ilowever, Èhe oËher changes such as colour and texÈure rùere different.

The Èexture of paddy rviltl rfce ruas soft and 1t startecl to deteriorate
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much more rapfdly than lake rice. $ltmy texture and strong sltamPy

odour domlnated the later stáge of curlng paddy wlld rice.

4.2. Qualtty EvaluaÈfon of lllld Rlce

4 .2.L. Colour

The colour of the flnlshed rlce samples were measured by The

llunterlab Colour Dffference Meter Ì'fodel D25 fn terms of L, aL and

bL values. The E values were calculated and are graphically

presented ln Figures 13 - 18. The results indlcated that the colour

of wil-d rice kept fluctuating whil-e curing and lt also showed that

there were two observations whlch hrere cortrnon in all studies. The

fl-rst was that the rice start,ed to lose its colour towards the end of

each curing peniod. Thl-s change of colour rnay be partly due to physlcal

breakdown of the rice and partly due to the lack of energy supply for

the conÈlnued development of proper colour pigments. The second

assumption \ras based on reports from the University of I'Iisconsin. They

lndicated ÈhaÈ the chlorophyll and polyphenolic fractions and the

relative concenËraËions of each of the derlvatives \rere primarily

responsible for the desirable colour changes of wild rice during curf.ng

(13). The second observatÍon r¡as that there vras no significant effect

on colour of final product by uslng the low or high temperature parch-

Lng system.

A comparison of data betr¿een lake and paddy r'rlld rice demonstrated

that Lake rice developed a darker colour fn all curlng envfronments

(Flgures 13 - 18)

The wild rf.ce grorun ln 1973 (lake and paddy) produced a <larker

coloured f lnal procluct tha¡r the 1974 r.r1ld rlce (Ftgures 13 - LB) .

The following factors could be lnvolved ln thls phenomenon. The
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I.lfld Rlce CuredFlgure 17. The Colqur Change of Paddy
at 21.loc

l__ _ __(
¡\
¡'.t\

,\t\ 1973 tllld Rice

Ar

I
I
I
I
I
I
tl;l:l:t

70

1974 Vlild Rice

*-----l

fÞ---{ O-- --o|,ow Temperat.ure
ar-- Þ-* llígh Tempera ture

Parching
Parching



49

Flgure 18.
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1973 wtld rlce was held tn f.rozen storage and the rfce from Èhe two

crop years came from different locaElons, therefore Ì.tere dlfferent

w{ld rice g,enoÈypes. The growlng seasons for Ëhe tr'to years $tere

qulte dffferent. In addftlon, physlol-ogfcal actlvlËy of rlce playecl

a maJor role in colour development. Recent research at tlte Department

of Foocl Science, University of Manltoba, inclicaÈed that freezf-ng may

also play a signiflcant, role Ln colour development.

The rate of colour change at higþer curing tempera¡ures (Z1.toC

and 31.toC) appears to correla¡e wfth the rate of the temperature

change |n tþe rice becl durf.ng curing (Figures 9, 10, 11, L2, L4, 15,

17, 18). The sudden ehange of colour (frorn an unacceptable colour Èo

an acceptable colour) during the early stages of curing r.tas accompanied

by a sudden rise of bed temperature. It may be possible to use this

sudden ríse of bed temperature as an indícator for the sudden change

of colour Ín curíng r¡11-d rice wl'ren hlglì temperature curíng environments

are used

Highl-y acceptable colour could be developed uncler all conditions

of curíng provided that the correct type of rice \ras used; for example,

some of the L974 ríce <líd not devel-op ¡¡ood colour. The rate at which

colour developed was depen<lenË upon the curÍng environmenË: for

example, at 31 .loc, less than 5 days r¡rere required, at' '2]''1oc thls

required less than l rveek, and at 10oC iÈ r"ras approximately l week.

T¡e len¡¡t¡ of time that good colour remained Ín Èhe v¡1ld rice samples

while belng cured also <lepended upon the curlng envlronment. Colour

could be helrt in rlce cured aE lOoC for 7 rveeks before fadfng, while

aE 2L.1oC thls was only 3 r,reeks before fading startecl and at 31.toC

fadlng occurre<l after 5 days (Figures 13 - 18). It appeared that

loru temperaÈure curing gave the processors better control 1n the
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curing, process (Flgures 7 - L2) and thls resulÈed 1n better control of

colour reEentlon.

In the Ffgures t 3 - 18 an arbftrary l1ne at Af = 72 has been

drawn to fndlcaÈe accepÈable and Lnacceptable rfce colour. l.Itlct rlce

that had a AE value of. 72 or above r¿as consLdered to have an

acceptabLe colour whll-e values below 72 Lndlcated an unaccept,able

colour. Thls determfnaËíon was based on visual Judgement accordlng to

discusslon wiÈhin the sensory panel.

The degree of darkness of wlld rlce depcnds upon several factors;

the curing tine, "rice mâ.turity" - paddy versus lake, rice genotype,

f.teezlng of rice before curing. Not all factors can be controlled

f.e. rice genotype, "rice maturity". However, the processors can

through careful control of curl-ng and parching produce a final product

rofth hlghly acceptabLe colour.

4.2.2. Moisture Content

The moisture content of all wiLd rice samples were determined

by the vaccuum oven method. Data shorued that the moisture content, of

r^rLld rice before parching was 4o7" - 45"/. for lake rice and 55"Á - 60T"

for paddy wild rice. AL the latter stage of curing, the mofsture con-

tent of lake rice rose by 52, slfme formed ancl the texÈure softened.

Paddy wl.ld ríce dfd not have a signiflcant change in moisture contenË

duríng curing.

The moÍsture content of the flnÍshed lake and paddy wild rice

parclted at hlgh and lor¡ temperature, r,ras betr¡een 7% - LOl(. The purpose

for drying the rlce dov¡n to thls moisture level was three fold. The

first reason \ras to lncrease the yield of the rLce. This was because

rlce r.¡lth a ¡noisture conÈent above l0Z was difflcul-t to hull and rfce



52

wlth a molsture content beLow 7% was fraglle and easlly broken when 
:

hu11erl. The seconcl reason was to mfnfmize t,he mlcroblal degradatfon

of the flnishetl rlce by re<luclng the water actfvfty Èhat was sultable

for grorving mLcroorganísms. The thfrd reâson vras thât parchecl wlld

rlce with molstt¡re conËent below 52 mtght have trollo$r centres.

A study on the rate of molsture removal lndicated Ëhat paddy witcl 
:i' 

'' ''

rlce took a llttl-e longer tlme to dry to the requlred moisEure level

than lake rlce. This r¡as due to Ëhe higher lnltfal mofsture content

of padcly rice. Data presented ln Ffgures 19 - 22 shorved that, the ",',

rate of moísture removed related Ëo tlre drying time. Tables 2 - 5 l

showed the air temperaÈure of t,he roaster and the corresponding bed

temperature of Ëhe rice at each tirne ínterval. The final rice bed

temperature recorded for each parchlng trial rvas capable of use to

indicate the final moisÈure conÈent of the rfce. At a partlcular

temperature range, the moisture content, of the rice was between 7i( -

LOT" (Table 6). The lorver Èhe temperaÈure wlthin the temperature range,

the higher Ì^ras the moisture content of the product. Ilo¡vever, the

moísture content of the product r¡ould not be above or belor'r the

acceptable moisËure level, as long as the final bed ternperature fel1 ,;;;,.

into the ÈemperaÈure range. .,' ,.,

For example, when 250 gm of lake rvild ríce was parched at 135oC : :

fot 25 minutes, and the final bed temperature of the rlce r¡as 87.7oC, 
",;¡,

Èhen the moisture content r,rould be 7.7 ! O.5%. The higher the bed

: :j r .

temperature, Ëhe lor¿er would be the flnal rnoLsture content of the : . :

product (Table 6).
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Figure 19. Rice Bed Tem,oeraËure of Lake l^I1ld
at High Ternperature
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Figure 20. Rice Bed Temperature of Lake l{ild Ríce Parched
at Low-Temperature

Þ

+,

o
+¡
Ë

o
f{
u
U)

t
ù.e

L)

o
¡{

+¡
(U

l¡
G)

G'
F

o

o
o
Fl

rJ
.Fl
B

100

90

BO

70

60

50

40

30

20

10

Tirne in MinuÈes

G_{
&--14

Rice Bed Temperature
MoisËure Content

5

0



55

Fígure 22.
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56Figure 21. Rice Bed Temperature of paddy irrild Ríce
Parched at Low Teuperature
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Table 2. . Drying Rate of Lake I^IÍld Rice

High Temperature Parching

Time Air Tegrperature Rlce Bed_Ternp. ì,loisture
in-C in"C Content (/.)

0
5

10
l_5

20
25

2L.O
70.5
81.0
93.3

LzL.O
135.0

18 .0
65.0
7I.L
80.0
83.3
87 .7

42.7 5
37.L
32.8
25.75
13.05
7.70

Table 3. Drying Rate of LaEe l,Iild Rice

Low Temperature Parching

in-C Ín"C Contenr(Z)

0
5

15
25
35
4s

20.5
6s.5
67.5
69.0
76.0
80 .0

19.0,
62.2
6t-.1
58.8
65. 0
66.6

41 .80
3s.45
33.75
26.I0
L7.20
9.6
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Table 4. Drylng RaÈe of paddy Itfld Rice

High Temperature Parching

Time otr 
T;*B"rature

Rice Bed Temp.
inoc

Moisture
Content (/.)

0
5

10
15
20
25

77.7
82.2

103.3
113.3
135 .0

øi.g
66.6
68.8
77 .7
83 .3

55. 65
s0.10
45.72
39.45
22.L0
8.5

Table 5. Drying Rate of paddy l^fild Rice

Low Temperature Parching

Tine eir 
l;ngerature

Ríce
in

Tenp.
c

Bed
o

Moisture
Content (Z)

0
5

15
25
35
45

80.5
87 .2
62.o
82.2
82.2

19 .0
60.0
58.8
61.1
63.9
65.5

60.4
49.2
38 ;55
24.30
]-9:25
B.4s
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Tabl-e 6. Final Rice Bed Temperatures and the correspondfng Ffnal
Moisture Content of the Rlce

Lake Wild Rice Paddy trlild Rice

Flnal Final Ffnal Final
Parchlng Moisture Bed Moisture Bed
Conditions Content (¿) Temperature Content (7") TemRerature'c "c

High Tenp
135-C for 25 7.7lO.5-9.5t0.5 82.2-87.7 7.5r0.5-9.5t0.5 82.2-87.0
minutes

Lor¿ Temp
78.3oc ior 7.5t0.5-9.610.5 62.7-66.6 7.5i0.s-9.5!0. 5 63.2-67.3
50 ¡nÍnutes
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4.2,3. Ffnlshed Rlce Yfeld

The percentage yleld of r,rfld rlce (whole and brolcen kernels)

varled wtth the different processfng technfques. It was malnly

affected by'curlng times and temperatures and parchlng Ëemperat,ures.

The percentage whole lake rice are rlce kernels larger than"l cm, rvhich

was the welght of whole lcernels after hulllng and cleaning, was also

affected by these same factors. Yield data are presented in Ffgures 23

to 34.

The yiel<l of fÍnished wild rice r,¡as 40 - 547" for L973 lake rice

and 47 - 572 for L974 lake rice cured at 10oC (Figures 23, 24). Thfs

range ¡¡as 44 - 607, for L973 and, L974 lake rlce cured at 21.1oC

(Figures 25, 26). The range at 31.1oC was 55 - 607" fn 1973, while in

L974 tt was 35 - 627" (FÍgures 27, 28). The higher yÍeld rqas obtained

ln the early stâges of curÍng for all the environments. The 1973

Lake rlce yield dropped approximateLy 7 - 8% after the 4th r¿eek in

the 10oC envíronment (Figure 23). There tüas no noticeable yield drop

in the L974 crop at thls temperature (Figure 24).

For lake rice cured at 2i..1-oC the yield dropped approxírnately

LOY. af.ter 5 days (Figures 25, 27 , 26, 28) .

Data for the yield of finished paddy rice cured at 10' 21.1 and

31.1oC are presented in Figures 29 Eo 34. The yleld dl-d not fluctuate

very much at 10oC ranging from 28 - 347" in i-973 and from L6 - 227" ín

Lg74 (Figures 29, 32). . trrhen cr¡red at zL.Loc the yleld of flnished rice

ranged from 28 - 4O7" in 1973 and from L7 - 23% Ln L974 and for rlce

cured aÈ 31.1oC these flgures were 30 ' 4OZ f.or L973 and 23 - 307"

for L974 (Flgures 31, 32, 33, 34).
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Flgure 23. The Percent Yfeld of. L973 Lake Wlld Rlce
Cured at looc
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Flgure 25. The Percent Yfeld of. L973 Lake Wlld Rlce
Curecl aË 21.1oc
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ÊLgute 27, The Percent Yleld of. L973 Lake Wfld Rlce
Cured at 31.loc
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Flgures 29. Percent Yield of. L973 Paddy lflld Rlce Cured at 10oC-
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Flgure 31. PercenË yleld of. 1973 Paddy l{fld Rlce cured at 21.19C
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Ffgure 33. Percent Yleld of. L973 Paddy Wtld Rfce Cure<l at 31.1oC
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There was a significanE difference in yield between lake and

paddy wild rice. This r¡as due to the Ínability of the varieÈy Algot.

Johnson l^Iild rice (which ¡¡as used ín paddy production in Manitoba) to

develop to proper maturity und.er the growing condifions experienced 1n

Manitoba. Because of.this, many of the kernels in the curing waste

alvay or did not develop properl-y Ínto well cured finished kernels.

Thís can only be improved when proper varietíes afe developed for

paddy production.

The use of 1ow temperature i.e. 10oC for curing was the more

desirable system for paddy and lake wild rice. Thís system gives the

processor a more consisËent high yield of fínished rice. I^Ihen higher

temperatures i.e. 2t.LoC and 31.1% were used high yields are initÍalIy

produced but if it was necessary to hoLd the rice for an extended period

of Èime before furÈher processing couLd be carríed out, then the yÍeld

of finished rice will drop.

The pafching temperature appeared to have an effect on the percent-

age yield of r,¡i1d rice. The daËa indicated Ëhat Low temperature parching

had a higher yield than hígh t,emperature parching (Figures 23 - 34).

This irnplied that the rice produced by low temperature parching

weighed more than rÍce from high temperature parching. There míghÈ be

Ër{o reasons to thl-s. Firstly, in most cases in the par-ching trials,

a high parching temperature resutted in a relatl.veLy lower

f,inal moísture content and this result,ed in less weÍght in the final

product. Secondly, hígh temperature,{neant faster rate o-f drying. The

sudden induction of high Èemperature to the rice kernels caused

centre part of the kernel-s (rnainly carbohydrate) to shrink'rapidly and

become more.fragile. Fínal1-y, the centre-part r^rould start to splíË from

heat energy. Once the rnaterial'eË Èhe rice cenËre had separated, the
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heaÈ energy start,ed to bufld up and forced the rlce to ex¡rancl'in slze.

AfËer parchlng, the rLce kernels looked Larger, but Èhe centre part

was hollow. Some rLce even cracked on the outslde. llor'¡ever, tltls

phenomenon occurred only when Èhe parching temperaÈure vtas hlgher than

the desirable temperature (135oC) or the parching Process qtas noÈ

properly control-led. The kernels wlth hollow "uttL.." 
would certalnly

weigh less. High temperaÈure parching not only brought about a lower

yfel-d of the rfce but also brought abouc poor quality rlce. This

rice had a burnt flavour, absorbed more water during cooking and

had a mushy Ëexture and appearance after cooklng. Low ternperarure

parchfng was able to over come these problems. Rice parched at low

temperatures drLed slowly, gradually gelatinized and cooked to a

desf.rable appearance and texture.

The yield of rvhole r.¡ild rice was also investigated in these

studies. Any wild rice r¡lth a kernel length of 10 m.m. or longer was

consldered as whole rice regardless of r¡hether it was broken or not,.

Any kernel less than 10 m.m. \¡ras considered broken. Figures 35 - 40

give Èhe percentage yfeld of qrhole rice by weight. The data indicate

that Ëhe crop year and the ÍteezLng treaÈment before processing had

1itt1e effect on the yield of whole rice, but Ehat, the curing time

and temperature had a slgnÍffcant effect. The percent yÍe1d of whole

rLce starÈed to decrease after 213 of. Ëhe curíng tÍme for all the curing

environments. These environments apparently produce more fragile

kernels.

I'le were unable to obtain positive results for the percent, yleld

of whole pacldy w1ld rl-ce. This was because all the paddy w1ld rice

obtal.ned from the past t\,ro seasons seemed to be qul,te "immature".
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Flgure 35. The Percent of r973-r,nrore Lake r,lrld Rfce
Kernels Cured at l0oc
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Ffgure 37; The Percent of 1973 l^thole Lake trrfl<I Rice Kernels
Cured at 21.loC
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Figure 38. The Percent of 1974 l,lhole Lake Wild Rice Kernels
Cured at 21.loC
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Flgure 39. The P,ercent of 1973 l^¡bole Lake I.111<l

Kernels Cured at 31.1oc
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Figure 40. The Percent of 1974 l.thole Lake tJild Rice Kernels
Cured at 31.loc
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The kernels v¡ere Ëhin and small. However, when comparing the two

years' paddy r¿ild rice vísually, the Lg73ts fínished rice had a lonqer

kernel length.

4.2.4. Flavot¡r, Appearance and Texture of Finished I,tild Rice

The main obj ective of this study \ras to evaluate the effect of

curing and parching on the appearance, flavour and texture of finished

wild ríce

The experimental design of the sensory study was Ëhat of a

Tandomized block. The data analyses r¡rere carried out on Èhe Universíty

' of }danitobars IBM 360 system using Èhe Stat 13 progran (47). In addition

to the analysis of variance on Ëhe data, Duncants Multíple Range Test

(1121)' \{as used Èo compare the means obtained for each test cured for

different time periods. The results of the analysis and the flavour

, profile of r¡ild rice are present in Appendíces 3 - 37.

The sensory panel data showed a common pattern of flavour

I development by wild rice regardless of the curÍng envíronments used

(Appendices 2 - 25). For example, in Appendíces 2 to 7, Èhe swampy odour

was gettÍng stronger as curing time progressed. and the mouldy-like

flavour rnras also intensified. The paÈtern of tl-avour development

established by the panelists was given Ln Appendices 2 - 25, and the

following pattern r¡as used for judging the, acceptabilíty of wild rice.

-1. The swampy odour. and mouldy-like.flavour were intensífied as

: curing time lengthened. The panel considered this to be unaccepûabl-e.

2- The grainy odour and taste decreased as the rice became more

"maturett and the colour darkened. - A strong grainy flavour r,¡as.not

desirabl-e
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3. The tea-like flavour became less intense to\rards the end of

curing. A strong Èea-like flavour ïras noË desírable,

4. For high temperature parchíng, the burnt flavour Ì^ras more

easily deËeoted during the later stages of curing. This rnight be due

to the slirny texture of the wl-ld rice which caused the rice to stick
Ëogether and adhere to the inside walls of the roaster, thereby pro-

ducing the toasted or burnt flavour. However, a little burnt flavour

v¡as considered to be necessary by the panelisËs (Fígures 4L - 52).

According to the consensus of the sensory panel, the flavour of

an acceptable wild rice should have a ¡nild grainy and tea-like flavour.

The rice should be free of any s\rampy and putrid odour and Ëaste. A

faint rnouldy-like, earthy and burnt flavour r.rere ailso considered Ëo

be acceptable. For exampre, the rice cured. at 10oc produced a more

acceptable rice than rice cured at higher temperatures (21.loc and

31.loC). The maín reason was thaË rice cured at Èhe hÍgher Èempe-rarures

had a fairly strong sr^ramp odour and mouldy taste (Figures 4L,43r 45

and Appendices 2, 4,6).

The development of the unacceptable swampy odour, and the mouldy

''and earthy flavour vtas more pronounced during high temperature curing

(21.loc and 31.toc) than with low remperature curing (10oc), (Appendices

2 - 25). Apparently wild rice respires more rapidly and produced more

heat during hÍgh temperaËure curing (2r.1oc and 31.loc), (Figures 9 -
L2) ' thereby causing more flavour deÈerioration in the finished product

(Appendices 2 - 25) ttran did lor¡ temperature curing (Figures 7,- B):

Colour and kernel breakage qrere Ëhe main factors used to judge the

accepËability of the appearânce of wild rice. However, the resulËs of the

acceptability scales (Figures 4L - 52), and- AE values (Fígures 13-18),
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Figure 43. Acceptability Scale for I973 Lake tlild Rice
cureà at zt.loc
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Flgure 45. Acceptability^Scales for 1973 Lake l^flld Rice
Cured at 3t.ioc
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Figure 46. AccepÈability^scale for r974 Lake l^Iild Rice
Cured at 31.l"C
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Figure 47. Acceptabíliçy
cureã at 10oC
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for L973 Paddy Wild RiceFigure 49. Acceptability^Scales
Cured at LL.L"C
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Figure 51. Acceptability^Scale
Cured at 31.1-C

79

f.or L973 Paddy l,lild Rlce

tr-----{l Lor¡
H Hieh

TemPerature
Temperature

Parching
Farching

o)
F{
(Ú

o

>,
+J

r{
'rl

+J

o
o
o

Day: Curing

10

of

Figure 52' Acceprability,rscare for L974 pað.dy l,Iild RÍeeCured ar 21.1_"C

H
Fl Low Temperature parching

High Temperature parehÍng

Ê
d

o
v)

hlLu.rl
rl
'r'l
(Ú3
t,

o
CJ

o

1
I

:10
Days of CurÍng

indícates extremely accepËable
indícates extremely unacceptable



colour rras noE considered to be the main criterion for judging Èhe

acceptability of wild rice. The 1974 1-ake wild rice had a lighter

colour than the 1973 lake wild rfce (Fígures 13 - 15), but tlne L974

rice was more acceptable (Figures 4L - 46). This indicaËed that the

development of a darker colour ín the rice díd not coincíde rrlÈh the

development of well accepted flavour.

Sensory panel data índicaÈed Èhat green paddy wild rice and

p-addy and lake r¡ild rice from the later stages of curing had a higher

percentage of broken kernels after cooking (Appendices 3 - 26). The

reason ¡¿as due to Èhe "immaturity" of Èhe green paddy wild rice and

the physical breakdor¡n of rice afÈer prolonged eurÍng.

According to the sensory panel results, a sample of cooked wild

rice ÈhaÈ was not mushy, neither too hard nor too soft, with some

cohesiveness and chewiness was considered to have an acceptable t,exture

(Figures 41- - 52), Appendices 2 - 25). ffl. results also indÍcated Èhat

paddy wild rice r¿as less acceptable than lake rice and this was partly

due to its poor texÈure. Paddy wíld rice was softer and more cohesive

than lake rÍce (Fígures 41 - 52, Appendices 2 - 25).

Curíng had an effect on the texËure of wild rice. As the curing

time progressed the Èexture changed from soft to firn, then Ëo soft.

Parching also had an effect on the t,exËure of wild rice. High

temperatuïe parching seemed 'to produce -r¡ild -::ice with a mushÍer

texËure af-ter cooking (Appendices 2 - 25).

Statistícal analysis of var:iance and Duncants Multiple Range Test

shor.ved that lake and paddy wild rice cured at differerit periods of

t,ime produced rice which were signi-ficantly dÍfferent in,flavour,

appearance and texture (Appendices 26 - 37). 1A'comParison of -
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results obÈained from the Duncanls Multiple Range Test is presented

Ín Table 7.

For each scale in Table 7, the number of comparÍsons are the

total numbers of sample comparÍsons (which are AB, AC, BC and so on as

used Ín Appendices 26 - 37) tested in the sensory panel and the number

of differences are the number of signíficant differences betú¡een sarnples

at the 5Z level. Comparisons wíËhin this table suggest that swampiness

(significant differences nu,mber 69) is a more sensitive characËeristic

for rating flavour change in wild ríce than is the burnt characteristic

(significant differences number 36) or sweetness (sígnificant differences

number 32).

Results from the analysíê of the Duncan's Multíp1e Range Test

of the sensory panel data (table 7), indicated Ëhat sr,¡ampy odour,

mouldy taste and colour of Èhe rice have the largest number of differences

between Ëhe samples. In another word, these were the main sensory

characteristics affected by the different processing systems. Besides

these characteristics, rice kernel, straighirr"s" and. breakage, grainy

odour and Èaste, earthy bitter and tea-like tast.e, mushiness and hardness

texture of the rice are also greatly affected by the dífferent processing

systems (Table 7). The differ'..r""" in intensity of each of these sensory

characËeristics were easily detected by the paneLisÊs and they were the

main factors used. by the paneLisËs for judgÍng the,acceptabilÍty of the

fínished wild rice

4:3. Hulling Studies on Lake Wild Rice
'ì

4.3.L. Effect of Curíng

The data presented in Figures ,,53 - 58 represented .the case.of _

hulling of lake wild rice. The 1-ength of time,wild.rj.ce was held in
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Table 7.

Scales

Straightness
Colour
Dryness
Splitness
Breakage

Evaluation of the Duncan Multíple Range Test comparing
the mean scores obtained by the sensqry Èests.

No. of Comparisons No. of Differences

7B
78
7B
78
7B

51
5B
45
47
52

Grainíness
Swampiness
Toast

7B
78
78

50
69
37

Starchy
Burnt
Ì,Ioldiness
Graininess
Tea-Like
Watery
Earthiness
Bitter
Sweet

78
78
7B
78
78
7B
78
7B
78

'44
36
5B
54
52
44
55
50
42

Mushiness
Hardness
Cohesiveness
Chewiness

7B
7B
78
78

52
55
48
46

Sweet
Bitter
Aftertaste

7B
7B
78

32
43
40
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Flgures 53,54. Effect of 10oC Temperature Curlng on the
Eaee of tlulllng of. L974 Lake V'ltld Rlce
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Flgures 55, 56. tiffect of 21.loC
Ease of llulltng
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Figures 57, 58.
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the curing pile had no effecÈ ín this factor since 747" was hulled

after zero r¿eek and afÈer 9 weeks of curing at 10oc. The curíng

temperaÈure also had no effect on ease of hulling wiÇh the amount

hulled ranging from 661Z to 78"Å for all temperatures. There also was

very little difference on Ëhe ease of hul-ling as effected by high and

Iow parching. However, thís study indicated Èhat curing rnight have an

effect on the weíght of wild rice. The weight of r,rild rice appeared

Ëo decrease as curing time l¡as prolonged. Thís was estimated by

measurlng the percentage of unhulled rice (Fígures 53 - 5g). The

percenËage of unhul-led rice decreased while the percentêge hulled

rice remained almost constant Ëhroughout the enÈire curing. This

indicated that there r^7as a loss in weight by the rice kernel_s during

curíng and required further study.

4.3.2. Effect of Storage of parched Rice

. The Purpose of thís study v¡as to determíne íf storage of parched

wild rice caused any problem in hulling. The results showed that

storage had an effect on the hulling of wild rice (Figures 59 - 61).

The percentage of hulLed rice decreased as storage time was prolonged.

The possible reason lras that during sÈorage, the husk absorbed water

vapour from the surround.ing atmosphere and therefore made hullíng more

difficul-t. Rice cured at 10, 2r.1-and 3j-.loc maintained hulling per-

cent,ages above 70"Á when stored-f or 25 - 30 days after,being parched;

After this períod of tÍme rice cured at 10oc and-2L.Ioc'beca*".ir"rq"sing1-y

harder to hull and percentage dropped to a Low of 20 - 30.Á after go

days of storage. on the other hand, rice cured at 31.1-oc was,easy to

hull untiL,50 - 55 days of storage-.(around 7o"/, h¡'Lled, Figure,,6r) and
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then hulllng percentage dropped to a low of about 50ij after 75 to

80 days. This study appeared to fndlcat,e thaÈ molsture contenÈ played

a role 1n t,he ease of hulllng

Post-parchfnfl Btorage of rlce before hulllng woulcl lower the

yfeld of the flnlshed producË because it became nrore <llfflcult to

hull and would increase the danger of breaklng the kernels in the

hullfng process
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v. sIlMMARy, CONCLUSION AND RECOMMENDATION

5.1. Summary & Conclusion

The Food Science Department purchased L973 and L974 lake and

paddy wild rice for these studies. This rice was thoroughly washed

when Ít arrived at Èhe Department, Èhen Èhe 1973 rice was placed Ín

frozen storage. The L974 rlce was not. frozen. Atl Èhe rice was then

cured, parched, hulled, cleaned and quality-eva1-uated. The quality

tests used were percent broken kernels, colour, and sensory analyses.

All curing environmenqs produced finíshed wild rice with híghly

acceptable colour and flavour, but the low t.emperature (10oC)

environment rnras judged to be the superior system. It produced con-

sist,ently higher yíelds, more aceeptable flavour, and the curing

storage could be exËended Èo 7 or 8 weeks. Rice curing at temperatures

of 2L.1oC had to be parched withín 2 - 3 r¿eeks and that cured ax 32.2oC

had to be parched rriËhín 5 - 10 days.

The yield for wild rice cured aË low temperatures r¡ras 507. - 58"Á

while Ëhe yield for rice cured at higher -temperatures ranged from

40'Á to 5O7.. Besides the difference in yield and flavour of the rice,

the rate of coLour development \,qas also different between the Èhree

curing environments. hlÍ1d rice cured. at a hígher temperature developed

colour more quíckly than rÍce cured in a cooler environment (5 days

at 32.2oc versus 4 weeks aÈ l-0oC).

On comparison of the Èwo different, parching systems advantages

and disadvantages showed in each. Lci¡¡ temperature parching produced

riee lrith more fragil-e kernels, but it had a higher yield than high

temperature parching. However, hígh temperature parching produced

relatively more accepËable rÍce provÍded that the process was properly

89

operated.
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llollow centres develop when wlld rfce ls parched at too hfg.h

temperatr¡res, l.e. above 135oc. Thfs rlce absorbs vrater very rapldly

and produces a mushy texture.

Taste panel results showed that wfld rlce wlth a darker col-our

did not indfcate well-developed flavour. Colour and flavour of w1ld

rfce dfcl not develop at the same rate. Freezing before proccssing,

and genoÈype of the rLce are tvro factors whlch apparently govern the

development of colour. AeratÍon during curing and curfng temperature

apPear to be major facËors governing the flavour development of rlce.

A good quallty wfLd rice,.accordlng to the taste panel, riras rlce that

had an acceptable colour and no broken kernels. The twenty-four

sensory characteristLcs ldentified in thfs sÈudy were al_so used by

the panelisÈs for judging accepËabllity of wild rice. Specific

sensory characteristics, such as svrampy odour, mouLdy and earthy

taste, and mushy texture were those indicating unacceptable finished

wild rice.

I'fost problems associated r,¡ith the quality of finished wtld rice

ç¡ere reviewed ín ÈhÍs sÈudy. Problems of swampy odour, broken kernels,

and mushy texture appear to be control-lable.

The problem of coLour developrnent is sËill the major probLem in

the processl-ng of wild rlce. No correlatlon seems apparent betr¡een

colour developrnent of w1ld rice during curing and the flavour

development of the ffnlshed r¿ild rlce. More research and work is

requirecl in this area. For paddy wlld rice productlon 1n Manf-toba the

mal-n problern seerns to be "rlce maturiÈy".

Due to limited tf¡ne ancl the varfety of aspecÈs of research

Lnvolved in this project, some of the results are noE poslCively
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confLrmecl. However, some rellable lnformatfon concernlng the process-

fng of wlltl rlce has become avallable for commercfal use or as a

gufdellne for fut,ure research.

5.2, Recommendations

The commerclal- processor handles 1oËs of wlld rlce with mlxed

maturity. Immature rLce ls believed Èo produce' finished rlce which

glves a lower ylel-d and fs of poor qualfty. Maturlty must be more

specifically defined for this crop, thus enabling one to select the

proper tíme to harvest the crop. At the same Èime new rice varíeties

should be developed by the pl-ant breeders, which would have the

potenÈfal of giving uniform maturaËion thus overcoming Èhe problem of

rnixed maturiÈy lots.

The transporting of r¡lld rice from Èhe harvest location Èo the

processing plant is not well- controlled at this time. Large lots

of rice apparenÈly are moved fairJ-y efficiently to the plant while

small lots may be held under various condiÈions.until a sufficient

quantity has been collecËecl for shipment to the processor. In order

for the processor to guarantee quality in the finíshecl product the

transportation system mtrst l>e improved, and holding stations requÍre

improved management i.e. ensuring that wild rice Lots are adequately

moistenecl and not allorved to overheat.

This processfng research suggests that the harvested wilrl rlce

shoul<l be washed 1n colti \,rater prior to ctrrl-ng ln order to decrease

spo1l.a¡;e problens durfng curfng, remove sand and pl.ant debrfs and

ellminatc the rlce worm frorn the curlng pile. Thls operatlon has not

as yet been adapted to the lnclustry. Technologfcal research is
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requlred to <levelop a washfng procedure r.¡hich 1s economlcal and

adaptable to the fnclustry

The hetght of the curlng p1le, waËerlng the plle an<l turnLng of

the plle are all used by the fndustry to mafntal-n some tcmpêrature

control durlng the curlng process. No recommendatlons can be made

from thls research re these control measures other than they are all

effective 1f used properly. The most fmportant. factor to monltor is

the temperature of the p1le. I,lhen thfs rLses l0oC to 15oC above

anbLenr conditlons then one of the above control measures must be

applied to keep Ëhfs in check. The moisture content of the pile is

extremely important and must never be allowed co go below forty per-

cenÈ in order to prevent aflotoxin development and white centers fn

the finlshed wild rice. A controlled atmosphere curing environment

ls the best system to use for thís phase of wild rice processing,

but unforÈunately rn'iLd rice processors may not feel this to be an

economical systern at this time.

Parching can be carrfed ouÈ ln any type of hot air dryer system.

Iùlld rice processors v¡lsh to maíntain the batch, gas ffred, closed

parcher whlch keeps some steam inside the chamber r¡ith the rice.

This study has demonsÈrated that different parching systems wlll

produce different flavoured. final products. Further research is

requlred to deternrine vrhat the consuming pubLic wants.

Tlte parching systern ís used to dry the ¡uild ríce dor.¡n to a final

moLsture content of 7 to 11 percent. The moisture conEent of the

rfce gofng fnto tlte parcher fs extremely varlable t,hereby causÍng the

dryfng tlme requlred to produce a clesirable flnal procluct exEremely

difficrrlt to predlct. This phase of Ëhe operaÈíon has been an art.
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Further research 1s requLred to produce parchlng tlmes and temperatureg

that are appllcable to lndustry as this research program has polnted

out.

The hull1ng operat,fon ls very crltlcal as 1t removes the hull

and polishes the flnal producË. Great care musÈ be Èaken to prcvent

breakage of the rfce kernel. Further research 1s requlred to devLse

more effLcient hullers for thfs purpose. Also .furËher research

Ls required to study the heat effect on kernel fragillty 1n the

parching process. The the present time lt ls recommendecl that a serles

of Japanese Kyowa hullers be used for thls process and that the rice

be size graded prior to hu1Ling. The huller couLd be adjuste<l for

specifLc kernel sizes. Thls system would ensure t,hat overslze

kernel-s r.¡oul-d not pass through an inadequately set huller t,hereby

reduclng kernel breakage. It would also elfmfnate under size kernels

from passing through this same huller, thereby increasing its

efflciency.

The f lavour of wil-d ríce was described unde r 24 ð,íf.f.erent

characteristfcs. Several speclfic characterlsËics and processing

systems were ldentífied as contributing to poor flavoured wild rfce,

such as mouLdfness, swampiness, hfgh temperaÈure curing and prolonged

sÈorage fn curÍng. These systems must be avoided by the commercfal

processor. Further flavour research must be conducted to a) more

extensively evaluate the affects of fl-avour, and b) to obtaln know-

ledge as to r¡hat the consuming public consider to be excelLenÈ

flavoured r¿ild rice.
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Please evaluate the rlce sample by ctrcllng a polnt on each of the scales.

APPIIAR\NCE:

Scale I

A1l.fllllttA1l
Stralght' ' I I | | Curled

Scale III

Scale V

ffi:lffiål:n.,
ARO},ÍA:

Scale I

Scale III

B1and ffiToasr
TASTE:

Scale I
Ext.

Bland _¡*¡¡_¡_11 SÈarchy

Scale III
Ext.

Scale V

Ext.

Scale VII

Scale IX

NAME:
SÂMPLII:

DATE:

Scale II

o'Y fltltll Molst ålir#111"".

Green#-l-3::h
Scale IV

Scale II

Scale II
Ext.

Bland ffiGraÍny Bland 
# Swanpy

Brandffilit Bland F:iïå*

ßl-and#Burnr

Ext.

Scale VI

Scale VIII

Brand#lifu Bland 
#Warery

Bland 
ffi EarËhness

Bland 
# 

Sweer

Bland I I ¡ lt | | Bitter-1--t-tffi
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ÎEXTURE:

Scale I Scale II

Scale IV

Scale I

iil"ffiiil;.
Scale III

no"'flililt 
Ëil;"*

Scale III

ä3 n. 
" 

r.., u,,ãçtr-t-r.-rJriä I i".

AFTER ÎASTE:

H*1ffiåi:;

Scale II

Not I ¡ I I t ¡" t Ext.
B1Èterrl | | I I ' BitÈer

thf.s rl-ce sample ls:

(a) Extremely 
# 

(b) Extrenely
AcceptablerlrrrrrUnacceptable

APPIìNDIX 1
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Appendlces 2 - 25

Flavour Proflles of Ffnished Lake and Paddy I,Ifld Rice
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FLAVOUR PROFII.E OF WILD RICE
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FLAVOUR PROFILE OF WILD RICE
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FLAVOUR PROFILE OF WILD RICE
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FLAVOIJR PROFILE OF WILD IìICE
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FLAVOUR PROFII.E OF WII-D RICE
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FLAVOUR PROFILE OF WILD RICE
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FLAVOUR PROFILE OF WILD RICE
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FLAVOUR PROFILE OF WILD RICE

9
z

TEXTURE

l¡¡
{ EXTREMELY hI TEA L¡xE

ry4 l€â),

vt
É3
!

w,.4:, ,

ç-
ì(
o
E

I

-t{
-,t¿J ut-s\

Q ,,;

r{, (ji

{

-('
,qo,+\-

L- ->-
¿d 9-.

/\

*qLt'

".1,q.tv

.1974 Lake l.Illd Rice
21.loc Temperature Curlng
Hlgh Tertrperature Parching

I<
Þ lfl
7J tt(t<

..'.. no
oooo 2

-4

curlng
weeks curing
!ìteeKs CurJ-ng

^8 ,/ \
g &".*t 

^{"8l- -'o+â *ØY'

i'stltt;

I
J

st r-

E ""$%

s"

APPENDIX 11



110

I ,i'':

ELAVOUR PROFTLE OF WILD R|CE
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FLAVOUR PROFILE OF WILD RICE
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zulVOUR PROFTLE OF W|LD RICE
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E!.AVOUR PROFTLE OF W|LD RICE
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FLAVOUR PROFILE OF WILD RICE
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FLAVOUR PROFILE OF WILD RICE
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FLAVOUR PROFILE OF V/ILD RICE
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FLAVOUR PROFILE OF WILD RICE
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FLAVOUR PROFILE OF WILD RICE
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E!.AVOUR PROFTLE OF WILD RICE
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FLAVOUR PROFILE OF WILD RICE
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Appendices 26 - 37. Analysis of variance and Duncants Multlple Range
Test Summarfes for the Rice Samples Tested by the
Sensory Panel. The Followfng Indfcations are
Used in These Appendlces.

L0oc Temperature Curing

A: no curing
B: 3 weeks curÍng
C: 6 weeks curing
D: 9 nreeks curing

21.loC Temperature Curing

A: no curing
B: 2 r¡eeks curing
C: 4 weeks curing

31.loC TemperaÈure Curing

A: no curfng
B: 5 days curing
C: 10 days curfng

1 e,
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Appen<lfx 26: 1973 Lake tlfld Rlce

Scales Factors F Value

10-C Temperature Curlng

Duncanrs l,fultiple Range Test
Hlgh Temp. Parching l.ow Temp. Parching

Stralghtness

Colour

Drlmess

Splltness

Breakage

Grainlness
(Odour)

Swampiness

Toast

Starchy

Burnt

Moldiness

Grâlniness
(Taste)

Tea-Lfke

I'latery

Iìarthiness

16.78*
2.46

6.0 *
0.05

6.91
18.67*

82.33¡t
4.28

111.64*
114 .8

5.94*
t.63

101.7 *
0. 02

2 .88
223.L *

L.29
9.88*

6.23x
L67 .7 'k

64.69*
0. 28

10. 91*
c.01

... 
59. g:v,

14.1 *

31.1*
72.7 6*

148.8 't
0.013

ABCI)

ABCI)

ABCD

BACD
--

ABCD

---
BACD
--

ABCD

ABCD

ABCD

ABCD_-

ABCD

B C ã-rt

--ABCD

--
BT'CA

--
ABCI)

ABCT)

ABCD
--
ABCD
---

ABDC

--ABCD
---

BACD

ABCD

BCD

ABCD

-
ABCD

AÞCD

ABCD
---

ABCI)

--
AI]CD

--

1lme
Ternp.

Time
Temp.

Time
Temp.

Tlne
Temp.

Time
Tenp.

Tfme
Tenp.

Tfne
Temp.

Tfme
Tenp.

Time
Ternp.

Tirne
Temp.

Tine
Temp.

Tíme
Tenp.

Time
Temp.

Tlnre
Temp.

Time
Tenrp.

ABCT)



,12,6 l\ .-I

Duncanrs Mu1-tiple Range Test
lllßh Temp. Parching Low Temp. ParchlngScales

BLtter

Sweet

Mushiness

Hardness

Cohesiveness

Chewiness

Sweet
(Aftertaste)

Bitter
(Aftertaste)

Strongllness
(Aftertaste)

Factors F Value

Tfme
Temp.

Tfme
Temp.

Tlne
Temp.

TLme
Tenp.

Ttmê
Temp.

Tfme
Temp.

Tirne
Ternp.

Time
Temp.

Tine
Temp.

LL.72tr
2.34

7 .11*
L4.37t

150. 63*
29.84*

8.39*
6,77x

60.57*
90.88:t

9.28*
113.1 *

1.59
2.94

3.9
o"23

6,23*
0. 507

ABCD

ABDC

--ABCD

ADBC
--

-ABDC
---

-ABDC

ABCD

-ABCD

--CABD
--l

DACB

--BACD
--

ABCD
---

BACD

ABCD

ÀBCD

ABCD

-
BACD
--

ABCD

--
a

* Slgnifl-cant at both 12 and 57" level.



sc49g.

StraighÈness

Colour

Dryness

Splltness

Breakage

Graininess
(Odour)

Swampiness

Toast

Starchy

Burnt

Moldiness

Graininess
(Taste)

Tea-Like

I{atery

Earthlness

Factors F Value
Duncunta Multfple

Hifih Temr¡. Parchlng

ABq

ABC

å-g s.

ABC

ABC

-iABq

ABC

ABC

Appendlx 27. 1973 Lake lllld Rfce

1?7.-, 
I

ô
2L.L-C Temperature Curlng

Range Test
Low Temp. Parchfn&

ABC

-ABC

-ABC..--

ABD

A-Eg

BAC

ABC

BAC

ABC

ABC

BAC

ABC

ABC

Tlme
Temp.

Time
Tenp.

Tfme
Temp.

Ti¡ne
Temp.

Tlme
Tenp.

TLme
Tenp.

Time
Temp.

Tlme
Temp.

TLrne
Temp.

Ti¡ne
Temp "

Tlme
Temp.

Time
Te¡np.

Tine
Ternp.

Time
Temp.

Tlme
Temp.

110. 1 ¡t

29.43*

9. 93¡t
0.05

27.28t8
0.291

11.82*
5.4L4

28.37*
29.O4*

10. 63*
5.01

561.61tr
9.103*

3.79
92.47*

80.L *
49.g *

3.37
44.8 *

120.1 *
22.8 is

44.06*
70.L7*

L3.76*
0.0

66 ,47*
135.1 *

L46.6 *
72.99',t

ABC

ABC

BAC

BAC

DAC

A-qc

ABCABC

ATç.



l-28 ,.,
i t..

7

Scales

Bi t ter

Srveet

Mushlness

Ilardness

Cohesiveness

Cher¿lness

SweeÈ
(Aftertaste)

BltÈer
(Aftertasre)

Strongl-iness

* SÍgnificanË

Factors F Value
Duncunfs Multfple

llf gh Temp. Parchf ng

ABC

ABC

AßC

--ABg

ABC

ABC

BAC
--

ABC

-

Range Test
Low Temp. Parchfne

B/\,C_-

ABC

-Aåg

A¿9.

a_Eg.

Aåç.

ABC
--

ABC

-

T{me
Temp.

Tfme
Temp.

Tlme
Temp.

Tfme
Temp.

Tl.me
lemp.

Tlme
Temp.

Tine
Temp.

Tfme
lemp.

Time
Tenp.

5.06't
65.34*

0. 65
L.24

LB2,g tl
56.8 *

166.4 *
0. 91

169.8 *
51.25¡t

168.1 *
32-62*

5. gg*
3.24

2.96
L4.34*

l_78. 6 *
3.L7 ABC ABC

at both 12 and 5% level



Âppendtx 28. 1973

Factors

Lake W1ld

F Value

L29

Rice 31.loC Temperature Curfng

Duncunts I'lulttple Range Test
tllgh Temp. Parching Low Temp. parchlngScales

Straightness

Colour

Dryness

Splitness

Breakage

Graininess
(Odour)

SwampÍness

Toast

Starchy

Burnt

Mol"dÍness

Grafniness
(TasÈe)

Tea-Like

I'latery

Earthiness

L26.89*
36.34t

6 .88*
L4.zLrc

2.65
4.29

L7.97*
27 .30*

89. 19*
6.15

0.84
9.59*

589.9 *
7 .O3*

2.23
295.9 *

44.84*
I.L7

11 .45*
224.L x

175.1_3*
0.79

0. 59
L0.24*

L4.7L*
1.93

245,96*
9.64*

424.57*
29.98,t

Aßg

ABg

ABg

ABC

ABC

ABC

A.B C

ABC

ABC

Aåg

ABC

BAC

ABC

ABC
--

ABC

ABC

ABC

ABC

ABC

ABC

ABC

ABC

ABq

ABC

BAC

Tfme
Temp.

llme
Temp"

T1¡ne
Temp.

Tfme
Tenp.

Time
Temp"

TLrne
Temp.

Time
Temp.

Ti¡ne
Temp.

Time
Temp.

Time
Temp.

Tirne
Temp.

Time
lemp.

Tlne
Temp.

Time
Temp.

Tfme
Temp.

ABC

CAB-ACB

ABC

ABC
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Duncunts Multlpl.e Ran¡¡e Test
lllgh Temp. Parchlgg Low Temp. parchlnßScales

BLtter

Sweet

Mushiness

Harclness

Cohesiveness

Che¡,¡iness

Sr¿eet
(Aftertaste)

Bitter
(Aftertaste)

Strongllness

Factors F Value

Tfme
Temp.

Tlme
Temp.

Tine
Temp.

Tlme
Temp.

Time
Temp.

Time
Tenp.

Time
Tenp.

Tlme
Temp.

TLme
Temp.

55.29rÊ
12.54*

3,76
1.01

L63,44*
o.27

51.28*
23.99*

32. 10't
3.16*

100. 69*
]-3.77*

4.66
3.66

80. 94*
2.20

58.99*
0.10

ABC

ABC

ABC

Âßc

ABC

ABg

BAC

ABC

ABC

a!.9.

ABC
--

ABC

ABC

ABC

ABC

ABC

ABC

ABC

* Significant at both L7" and 5Z level.



Appendlx

Scales

29. L974

Factors

]-3It )'(i

Lake Wfld Rfce 10oC Temperarure Curing

Duncunts Multiple Range Test
F Value Ittgh Emp. Parchfng Low Temp. Parchf ng

Stralghtness

Colour

Dryness

Splitness

Breakage

Gral.niness
(Odour)

Swampiness

Toast

Starchy

Burnt

Moldiness

Graininess
(TasÈe)

Tea-Llke

I.Iatery

Earthine-ss

22.80ã
4L.39tr

77 ,73tc
0.38

3.29
5.51

L.96
L3.73*

0.56
10.01*

23.5 r,

1.19

8.31*
1.18

2L.43*
15.95*

L.46
39.0 *

L2.56*
13. 95*

0.61
6.84

25.68*
L4.78*

6.06*
3.01

2.80
15.63*

7 .09*
22.43*

ACDB

--
ABCD

BCDA

--
ABCD

ABDC
--

ABCD

-
ABCD

--
ABCD

CABD

-ABCD

ACDB

--ABCD

ABCD

-
ABCD

ABCD

ABCD

- -ACBD

--

Tlme
Temp.

T.Lme
Temp.

Tfme
Temp.

Time
Temp.

Tfme
Temp.

Tfme
Temp.

Time
Temp.

llme
Temp.

Time
Temp.

Time
Tenp.

Time
Tenp.

Time
Temp.

Tfme
Temp.

Time
Temp.

Tfme
Temp.

CABD

CBAD__

ABCD

--
ABCD
---

ABCD
--
ADBC
---

-BDAC

ADBC

ABCD

-
ABCD

--
ABCD

ACBD

--
ABDC

--
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Duncunrs Multlple Range Test
Factors F Value lllgh Temp. Parclring Low Tenrp. ParchfngScales

Bltter

Sweet

Mushlness

llardness

Cohesiveness

Chewiness

Sweet
(Aftertaste)

Bitter
(Aftertaste)

Strongliness
(Af tertas te)

13 . 00't
LO.29*

4.98*
0.27

2.23
0.31

7.66*
25.67*

8.12?t
8.20*

L,45
0. 83

6.91*
L,32

L6.22x
7 .74x

20. 00't
1.53

ABCT)

--

-AßCD
E--

ABCD

ACBD

--
ACBD
--
ACBD

--
ACBD
--
AßCDæ-

DABC
--

ABDC

--
ACBD

ABCD
--

DCA

ABCD

--
ABCD

--
ACBD

--
BACD

BACD
--

Tlme
Temp

Tlme
Temp.

Tlme
Temp.

Tlme
Temp.

Tfme
Temp.

Tlne
Temp.

Tfine
Temp.

Time
Temp 

"

Tine
Temp 

"

B

* Significant at both L7" and 57" IeveL.
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Appen<llx 30. 1974 Lake l.l11d Rfce 2L,lo C TemperaÈure Curing

Duncunfs Multlple Range TesÈ
Factors F Value lllgh Ternp. Parchlng Low Temp.ParchingScales

StralghÈness

Colour

Dryness

Splitness

Breakage

Graininess
(Odour)

Swarnpiness

Toast

Starchy

Burnt

Moldiness

Graininess
(Taste)

Tea-Like

hlatery

Earthlness

33.16't
59.28yr

29,9*
72.L*

0. 65
0. 61

15.58*
0. 15

7 .26*
2.68

69.54tc
2L.24*

110.6 *
9.15*

5.49*
9.42

0.11
0.0

2L.32*
52.39*

47.69*
I .04*

38. 14¡t
10. B3't

2.92
0.51

10.1 *
5.42

99. 81*
.6. 590

A¿ç.

a!.ç.

ABC

-ABC

ACB

ABC

ABC

ABC

ABC

AåC

ABC

ABC
-rI¡

BAC

ABC

ABC

Tlme
Temp.

Tlme
Temp.

Time
Ternp.

Tlme
Temp.

Tlme
Temp.

Time
Temp.

Time
Temp.

Tfme
Temp 

"

Time
Temp.

Time
Temp.

Tirne
Tenp.

Tine
Temp.

Time
Tenp.

Tl-me
Temp.

Tlme
Temp.

-ABC

ABC

ABC

ACB

ABC

A¿g

A¡.ç.

-ACB
H_

ABC

ABC

Aå9.

ABC

ABC

--
ABC

ABC



L34 \ )-'1

Duncunrs Multlple Range Test
lllgh Temp. Parchfn& Low Temp. Parctrln8_Scales

Bitter

Sweet

Mushfness

Hardness

Cohesfveness

ChewLness

Sweet
(Aftertaste)

Bl.tter
(Aftertaste)

Strongliness
(Aftertaste)

Factors F Value

lfme
Temp.

1f¡ne
Temp.

Tl¡ne
lemp.

Tl.me
Temp.

Tf-ne
Temp.

Ti¡ne
Temp.

Time
Temp.

TLme
Tenp.

Tine
Temp.

23,4511
0.0

5. 56¡t
5. 13

11.01¡t
19. t 4*

4.36
4 .88

1.33
0.10

L.25
1.51

5,42r,
0.08

L9.94*
3.22

2.32
L.49

a_uç.

ABC

ABC

ABC

/\BC

ABC

ABC

BCA

AßC

ATç.

ABg

Am'

BC

BC

BAg

ABg

ABC

ABC

* Signlficant at both L% and 5% 1evel.



Appendtx 31.

ScaLes Factors F Value

1974 Lake l,lfl<l Rfce 31.loc Temperature Curlng

135 ' io

Duncunrs l-lul-rlple Range Test
lllgh Temp. Parchlng l,ow Temp. parching

Stralghtness

Colour

Dryness

Splltness

Breakage

Graininess
(Odour)

Swampiness

Toast

Starchy

Burnt

Moldlness

Grafniness
(Taste)

Tea-Ll-ke

l,Iatery

Earthfness

Tfme
Temp.

Tfine
Temp.

Time
Temp.

Tfme
Tenp.

TLme
Tenp.

Tl¡ne
Temp.

Time
Temp.

Tine
Temp.

Time
lernp.

Time
Temp.

Tfme
Temp.

Time
Temp.

TLme
Temp.

Tlme
Temp.

Tlme
Temp.

14.08*
L8.77rr

220.43*
0.91

18.35*
2L.28rc

42.38*
13.43't

L5.27*
7 .43r'

60.53*
3.21

8 7 .1_5*
4.98

0.6
18.05*

2.44
4.25

6,7 4*
29.55*

6.77't
58.08*

29.92*
12.84*

2L.43*
0"68

4.66
0.45

50.63*
2.07

ABC

A¿g

AJI.

ABC

AåC

ABC

ABC

ABC

ABC

ABC

ABC

ABC

ABg

a!.s

AåC

ABg

ABC

ABC

ABC

ABC

ABC

o, F9

4qc

ABC

BAC

ABC

ABC

ABC

ABC

ABC



L36 ii,/

Scales

Bftter

Sr.¡eet

Mushlness

Hardness

Coheslveness

Chewfness

Sweet
(Aftertaste)

Bltter
(Aftertaste)

Strongliness
(Aftertasre)

11.16*
5.28

4,59
6.77tc

69.7Lrc
22.B6rc

04.7
L8.47*

4.O9
0"0

9.85*
3.40

5"93*
2"88

4.81*
2.58

2.35
0.175

Factors F Value !Ígþ_Temp. ?archlng
Duncunts Multlple Range Test

Low Temp. Parchlne

Tlme
Temp.

Tíme
Temp.

TLme
Temp.

Time
Temp.

TÍme
Temp.

Tfme
Temp.

TÍme
Ternp.

Tfme
Temp.

Time
Temp.

ACå

ABC

A!.q

ABC

ABC

ê-E-E

BCA

B a:Ã

ABC

ABC

AC

ABC

ABC

åAc

¡-q ¿

å-qT

AEI

ABC

* SÍgnificant at both L7" and 5Z level.
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ScaLes

1973 Paddy I'111d

Factors F Value

L37

Rlce 10oC Temperature Curlng

Duncunrs Multlple Rang,e Test
Itfgh Ternp. Parchtng Lo@

Stralghtness

CoLour

Dryness

Splitness

Breakage

Graininess
(Odour)

Swampiness

Toast

Starchy

Burnt

l"foldiness

Graininess

Tea-Like

Iüa tery

lìarthf rress

Time
Temp.

Tfme
Temp.

Tfme
Temp.

Tfme.
Temp.

Time
Temp.

Tl.me
Temp.

Time
Temp.

Tfme
Temp.

Tlme
Temp.

Time
Temp.

Time
Temp "

Time
Temp.

Time
Temp.

Time
Temp.

Ti¡ne
Tenp.

6L.36*
223.8L!<

LB8. 9 :t

0. 034

12.93*
o.23

15,59*
5.67

64. 15*
5.28

18.54*
0.131

L46.97*
55. 96*

o.436
20.946*

32.3 *
5.49

6.17't
56. 95*

53.2 x
4.4r

79.9 x
3.87

6.r2*
o.24

7. B6*
6.7 4

42.08*
4.r4

ABCq

AåC D

l1'Bqg

ADåq

aLg!.

ABCD

AÞCD

ABCD

AßCD

ABCD

ABCD

ABCD

ACBD

ABCD

a3.g.q

A-8.c o

AËg!.

ABCD

ABqg

ABCD

ADCB

+Bs2

ABCD

ABCD

AC BD

ABCI)

ABCD

A¿ç.P.

ABCD

ABCD
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lluncunrs Multlple Range Test
For the Dlfferent Curlng Tlme

lllgh Temp. Parchlng Low Temn. Parcltlng

i \',-

Scales

Bitter

Sweet

Mushiness

Hardness

Coheslveness

Chewiness

Sweet
(Aftertaste)

Bltter
(Aftertaste)

Strongliness
(Aftertaste)

Factors F Value

Tlme
Temp.

TLme
Temp.

Tlme
Temp.

Tlne
Temp.

Tirne
Temp.

Tfme
Temp.

Tlme
Temp.

Tlme
Temp.

Ti¡ne
Temp.

3.61
114.8 *

23.39*
4.43

L5.26rl
0.02

40.56t
0.03

4.23*
1.36

9.86*
6.48

3.46
7 .94

8.58*
8.51*

7.33*
2"63

Ap¿c

ABCT)

BCD

ABCD

ABCI)

ABCD

ACD

ACBD

CABD

AA

ABCg

ACBD

Bcq

ABgq

ABCD

ADã.T

ACBD

ABCI)

B

AC BD

* Significant at both LZ ar:.d 57" level.



Appendix 33. 1973 Pa<ldy I'flld

Scales Factors F Value

139

Rlce 21.loC Temperature Curlng

Duncunrs Multlple Range Test
for Dffferent Curlng Tlme

Illgh Temp. Parchtng Low Temp. Palchln_g

Stral.ghtness

Colour

Dryness

Splitness

Breakage

Gral.nl.ness
(Odour)

Swampiness

loast

Starchy

BurnÈ

Moldiness

Graininess
(Taste)

Tea-Llke

I,laÈery

Earthiness

Tf¡ne
Temp.

Tlme
Temp.

Tfme
Temp.

Ti¡ne
Temp.

Tl.me
Temp.

Tfme
Temp.

line
Tenp.

Tf.¡ne
Temp.

Time
Tenp.

Tlme
Tenp.

Ti¡ne
Temp.

Tlme
Temp.

Tlne
Tenp.

TLme
Temp.

Time
Temp.

33.52tc
1.31

4.46t1
5.27

09.24rl
5.81

7.34*
3.35

3.230
L2.76rÊ

0.88?
L.628

27.96*
2.73

o.77
19.60*

12 . 86*
0.04

9.35*
47.33*

69.91*
71.83*

25.47*
7 .55*

2,r4
4.06

23,23t
5.29

14.63Ì,
32.24,t

ATg

ABC

ABC

BCÀ

ABC

ACB

ajg

ABq

ABC

ABC

gAc

ABC

ABC

ABC

å-83

A-Eç.

ABg

ABC

ABg

ABC

ABC

ABC

ABC

a _u. ç.

gAc

ABg

A B-C

ååg

ABC

ABC
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Duncunfs Multfple Range Test
for DffferenÈ Curlng Tfme

lllfih Temrr. Parchlng Low Temp. ParchlngScales

Bitter

Sweet

Mushiness

llardness

Cohesiveness

Chewiness

Sweet
(Aftertaste)

Bltter
(Aftertaste)

StronglÍness
(Aftertaste)

Factors F Value

Tlme
Temp.

11me
Temp 

"

Tlme
Temp.

Tlme
Temp 

"

Tf.me
Temp.

Time
Tenp.

TLme
Temp.

Time
Tenp "

Time
Tenp.

2.7 6
15. 70*

0.50
0. 15

35.48*
17. 53*

2I.26rl
46.82*

L6.32tß
L.57

25.03*
12.53*

0.05
2.5L

11.12*
lt_.91*

17.09't
15.07*

ABg

ABC

ABC

ABC

a !.9

â¿!.

ABC

AT.ç.

ABC

ABC

ABC

a!.ç.

ABC

ABg

ABC

ABC

ABg

ABC

* SlgnificanÈ at both 12 and 5% level-.

1:r,¡;à



T4L

Rfce 31.loC Temperature Curfng

i

Duncunrs I'lultlple Range Test
Illgh Temp. larchfnf¡ Low Temp. parchlng

,l

l)

Appendlx 34.

Scales

1973 Paddy l.f1ld

Factors F Value

Stral.ghtness

Colour

Dryness

SplLtness

Breakage

Gral.nlness
(Odour)

Swampiness

Toast

Starchy

Burnt

Moldf.ness

Gralniness
(laste)

Tea-Llke

I^latery

Earthlness

Tlme
Temp.

1l¡ne
Tenp.

T1¡ne
Temp.

Time
Temp.

TLme
Tenp.

ll.me
Temp.

Tfme
Tenp.

Ti¡ne
Temp.

Time
Temp.

Tlme
Tenp.

TLme
Temp.

Tine
Ternp.

Time
Temp.

Tfme
Temp.

Tine
Temp.

1,53
19. 7g*

16.57¡t
L22.L t

6.97*
o.s2

L25.2 *
40.8 *

20.4 *
L.43

0.09
2.25

350.8 *
6.23

5.99
39.L2*

o.2L
30. 95*

g.0g*
11.66'k

223,7 x
8.94

7 .850
3.7 6

L62.7]-r'
24.L *

28.9313
25.34*

2L7 .89*
24.2L*

AB

A¿

a.u

AB

A.E

AB

A-E

Aå

Ap

AB

AB

AB

A!

AB

AB

4_P

AB

AB

Aå

AB

AB

AB

Aå

AB

AB

AB

AB

AB

AB

AB



ScaIes

Bftter

Sweet

Mushlness

ÌIardness

CohesLveness

Chewiness

Sweet
(Afterrasre)

Bitter
(Aftertaste)

Strongliness
(Aftertaste)

0.3
7.66

0.11
25,O *

38.06*
44.67t

15. B7*
L.29

278.8 *
6.7 4

,7 .4Lr<
0.86

0.14
11.71*

o.324
32.39*

7 ,83!l
0.49

L42

Duncunfs Multtple Range Test
Factors F Value Hlgh Temp. ParcFng Lor¿ Temn. Parchlnfi

Time
Temp.

Time
Temp.

Tl¡ne
Temp.

Tfme
Temp.

Tlme
Temp

Time
Tenp.

Time
lemp.

Tine
Temp.

Time
Temp.

AB

AB

AB-

AB

AB

AB

AB

AB

AB

AB

AB

a!.

Aå

AB

a!.

AB

AB

AT

* Significant at, both 1% and 5i'" leve1.



Appendix 35.

Scal-es

SÈralghtness

CoIour

Dryness

Splitness

Breakage

Graininess
(odour)

Swampiness

Toast

Starchy

'?

Burnt

MoldÍness

ç.
Graininèss
(Taste)

Tea-Like

I,latery

Ilarthlness

10.54¡t
22.7LtÊ

10.40*
0.0

L4.52*
0.03

40.1 *
L3.27*

66. 84*
0.03

L2.2L*
1.68

l_15.08*
1.0

6.4
0. 98

19.51*
o.23

0.43
28.2 *

LL6.24*
6.02

10.6 *
5.78

13.10*
1.63

47 ,34r'
L2.O

17.18
4.4L

r43

1974 Paddy t^rllcl Rtce lOoC Temperature Curlng

Duncunf s ltultiple Rang,e Test
Factors F Valrre lllgh TemL. Parchlng Lorv Temp. Parchlng

Tfme
Temp.

Time
Temp.

Time
Temp.

Tfne
Temp.

Time
Temp.

TLne
Temp.

Tfme
Temp.

Tlme
Tenp.

TLme
Temp.

Time
Temp.

Time
Temp.

Tlme
Temp,

Tlne
Temp.

Time
Temp.

Time
Temp.

ABC

åLc

¿A c

BÂC

ABC

ABC

ABC

Ã-E r

å-å s.

ABC

A¿C

ABC

ABC

ABC

ABC

ABg

ABC

AE
ABg

ABC

a!,ç.

AT.g.

atg
ABg

ABC

ABC

ABC

AB!.

ABC

{Bc



L44
\

Duncunfs Multfple Range Test
]!tgh temr,. Parchtng L

ABC ÂBC

Scales

BltÈer

Sweet

Mushlness

Hardness

Coheslveness

Chewiness

Sweet
(Aftertaste)

Bltter
(Aftertaste)

Strongliness
(Aftertaste)

Factors F Value

Tlme
lemp.

Tlme
Temp.

11me
Temp.

Tfme
Temp.

Tfme
Tenp.

Tfme
Temp.

TLme
Temp.

1L¡ne
Tenp.

Time
Temp.

0.49
5.47

L,57
1.61

31 .85
0.18

37 .15*
2.25

9.98*
0. 056

16.54*
0.09

o.72
0.83

14.10*
8.53*

0.87
0.50

ABC

ABC

ABC

4-åE

ABC

l'r c

3-e3

ABC

Aå!-

ajç.

a!!.

ABg

ABC

ABC

ABC

ABC

* Significant at both 12 and 57 Level.



Appendlx 36. 1974 Paddy ltlld

Scales

145

ftRice 2L.L-C Temperature Curing

Duncunfs MulÈlple Range Test
Factors F Value Hlgh Temrr. Parching Low Temp. Parchlng

t'

Stralghtness

Colour

Dryness

Splltness

Breakage

Grainíness
(Odour)

Swampiness

loast

SÈarchy

Burnt

Moldíness

Grainfness

Tea-Lfke

I,Iatery

Earthiness

0.058
0.519

152.1 ¡t

0.11

23.32*
0.28

47.76*
0.59

51.13*
3. 38

20.20*
L.26

460.27x
4.38

24.L5*
L7.42*

34.16
0.32

0.05
6.22*

324.63!l
2.8L

18. 81*
10. 58*

o.32
L2.ggx

13.01*
o.o25

20,73
1_1.66

Tlme
Temp.

Tfme
Temp

lLme
Temp.

Time
Temp.

Time
Temp.

Tlne
Temp.

T1¡ue
Temp.

Time
Temp.

Tfme
Temp.

TÍme
lemp.

Tlme
Ternp.

Time
Tenp.

Tlrne
Temp.

Time
Temp.

Tlme
Temp.

A3

AB

AB

A-E

AB

AB

AB

AB

AB

Aå

Aå

AT.

AB

AT.

AB

AB

AB

AB

a!.

AB

AB

AB

AB

AB

AB

AB

AB

4r.

i\B

AB



146 ì

Duncunrs l'lultlple Range Test
IlsScales

Bltter

SweeE

MushLness

llardness

Cohesiveness

Chewiness

Sr¡eeÈ
(Aftertaste)

BLtter
(Aftertaste)

Strongliness
(Aftertaste)

Factors F Value

Tl¡ne
Temp.

TLme
Temp.

Time
Temp.

Time
Temp.

Tlme
Temp.

Time
Temp.

Tirne
Temp.

Time
Temp.

Tirne
Temp.

L3.32rc
2.gg

9.68rr
0.0

15.38*
0.03

16.00*
o.25

g.g *
0.42

0.036
0.036

7 .99*
0.04

3.92
2.O

B.0g*
0.04

a!.

AB

AB

AB

AB

AJ

Aå

AB

AB

A¿

AT.

AB

AI.

a -9.

Lå

Aå

Aå

AB

* SÍgnificant at both L1( and 52 level.



Append{x 37. Lg74 Paddy l,f1ld Rfce

r47

31.loC TemperaÈure Ctrrlng

Duncunts Multfple Range TestFactors F Value Hlgh Temp. Parchlng Lor¿ Te_mp. parchlng

l'' ¿

Scales

Stralghtness

CoLour

Dryness

Splftness

Breakage

Graininess
(odour)

Swampiness

Toast

Starchy

Burnt

MoLdiness

Graininess
(Taste)

Tea-Llke

llatery

Earthfness

13.86't
6.48

L46.37*
0.09

37. BB*
6.9s

7 6 .842r
o.7

36.7 *
0.11

8.44*
2.83

0.45
209.49*

L35.29*
27 .39*

23.6 *
0.12

16. 5 -*

49.79x

92.59*
13.21*

8.6 *
29.6711

L.32
0.0

63.98*
o.22

51.13tr
0. 04

Tlme
Temp.

Time
Temp.

Tlme
Temp.

Time
Temp.

Tine
Ternp.

Time
Temp.

Tfme
Temp.

Tirne
Tenp.

Time
Temp.

Time
lemp.

Tíme
Temp.

Time
Ternp.

Tlme
Temp.

Time
Temp.

Tlme
Temp.

AB

AB

Arl

AB

AB

AB

AB

AB

Aß

Aå

AB

AB

AT.

AB

AB

AB

AB

AB

AB

AB

AB

AB

AB

AB

A¿

AB

AB

AB

Aå

AB
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Duncunts Multlple Range Test
Itt¡¡-tScales

Bftter

Sweet

Mushfness

Hardness

Coheslveness

Chewlness

Sweet
(Aftertasre)

Bitter
(Afrertaste)

Strongliness
(Aftertasre)

Factors F Value

Tfme
lernp.

Tlme
Temp.

Tlme
Temp 

"

Tf¡ne
Temp.

Tlme
Tenp.

Tfme
Temp.

Tlnre
Tenp.

Tfme
Temp.

Time
Temp.

4,94
L.96

2.20
L.24

49.04tc
0.41

48.36*
1.93

22.25*
10. 1g*

4.O
1.0

11.36*
0.56

10.8 *
L.2

0.04
3.11

Lå

AB

A.E

â¿

AB

AB

a!.

AB

AB

AB

AB

a_t

AT

AB

AB

Aå

AB

AB

* Significanr at both lZ and 5% level.


