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ABSTRACT

Co1or, cleanliness and degree of breakage are the main quality criteria

for acceptable wí1d rice. These characteristics can change drastically be-

cause of wide variations in processing procedures. Processing has not been

standardized, and uniform qualíty standards do not exist for the industrv.

This study \üas designed to improve upon the existing processing methods

and aí¡ned at standardizíng the procedures needed to produce a more uniform

final product that best accords to consumer preference. The flavor char-

acteristics of wild rice were also investígated using 18 characteristics.

Results indícated that good quality wild rice was obtained when low

temperature curíng, controlled humidity and controlled high temperature parch-

inø drtring ñrôaêqqino ¡^rora 'co.lrrró yruuEÞr¿!16 wu!L uÐsu. As curíng proglessed, color development

increased under favorable conditions. Inlell controlled parching and curíng

systems will not affect total yield and thus ensure optimum yields.

The consumer survey conducted indicated that dark colored. whole and

clean wild ríce \ilas more acceptable. However, present high prices generally

limit the use of wild rice to gourmet cooking only.

Results from the flavor analysis showed that \^zild ríce with dark bror¿n

color, straight and split kernels, bland aroma, grainy taste and slight

chewíness was of good quality and was considered to be highly acceptable.
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INTRODUCTION

Wild ríce, (Zizanía aquatica) has long been the staple food crop of

the Indians in the Northern Great Lakes Regíon. This crop \.üas not cultÍvated

but allowed to grovr naturally and then harvested in large quantities from íts

habitat in the shallor¿ lakes and streams of the area. Todav. due to its limited

supply and unique flavor and color characteristics, wild rice is considered a

delicacy by most North Amerícans. Even r^¡ith its high price, $6.00i1b in L972

(41) as compared to 10C/fU in 1918 (37), there appears to be a growíng demand

for this grain. This demand has encouraged cultívation of wild rice in paddies,

along with the use of mechanical harvesting and processing techniques. Since

1968, the increase in production of paddy wild rice has been dramatÍc, espec-

i¡'l lv in fhe TTnited States. For jnsfence- in Mínnêsôt..â- if íncreaseri fortv, !L !rru! !v! Ly

fold in five years (I2, 15, 4I). However in Canada, natural stand harvest

Srrnni íac l-ho -l rrçrpcf attrânti fv of rice ¡^ri fh fhê nrodrrnl- inn frnm nrdr{ iaq }rainovuyyrrEÞ Llle !4!Þv -- ! rLç w!Lrt LLrc pf,uuuuLrull If ultt p*..__

very límired.

trnlhen compared to other cereal grains, (Table 1) wild rice is a nutritious

food. It is relatively high in protein and low in fat content (6,26,38).

The analysis of wíld rice indicates that Ít contains 14.tOg protein,6.Zmg

niacin and 353 caloríes per 1009 of raw parched product. Other researchers

have stated that ít Ís also rich in the B vítamins, especially thiamíne,

riboflavín and nicotinic acíd, while being low ín Vitamin A and some minerals.

Today, wild rice, although no longer used as a staple food by most of

the IndÍans, stíl1 remains as a major supplementary food and a source of much

needed income for the natÍve people (38, 41). Due to the high price, most

consumers cannot afford to use ít as often as they would like to. Yet, de-

spite the hígh cost, the white man has introduced successful, numerous recipes

for rhe nrenârâfion of wild rice. llow it ís used in same-hjrd sfuffjnps-Lu!!!¡16u,

desserts and in varíous other !/ays. The basíc method of preparationof wíld



TABLE 1 Composítion of i^Iild Rice and Comparisons With 0ther Grains.

Grain inlater Protein Fat Carbon Ash

hïild Rice

tr^ihole Grain

Ground

Parched I^Ihole Grain

Parched & Ground

Rice, polished

Barley, pearled

i^lheat, cracked

0ats, ro11ed

Cornmeal, unbolted

Hominy

Kafir Corn

Buckwheat Flour

:tAdapted from - "Wild
A. Steeves, Economic

ft -f(]-Ce - Indaan
Rnl-¡nr¡ 1Oq?

13. 0

7r.2

12.3

11. 5

r0. 1

7.7

1r. 6

11. B

16. B

L3.6

L2.9

10. 9

L4.6

11. 5

8.0

R5

11. I

L6.7

8.4

R?

6.6

6.4

1.0

0.8

0.7

0.8

0.3

1.1

r.7

7.3

4.7

0.6

3.8

L.2

7 5.2

74.0

76.9

79.0

77 .8

66.2

7 4.0

79.0

70.6

11 A

L,4

1.3

1)

1.3

0.4

1.1

L.6

2.r

1.3

0.3

2.2

na

Cal ori es
Fuel Value

per 1b

r,625

r,7 40

L,620

1,900

1,630

1,650

1, 685

1,850

L,730

1,650

I <Oq

L,620

Food and a Modern Delicacy", by Taylor
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r-i ce i s hv hoi'1 i..^ i + r'ñ rr-+^- "ntil the rlce becomes tender to oner s taste.----^lrË rL rrr wéLçf u

^f r1- ^ ñrôÕôñt {-iñ^ ã"ô1ir.' -r-nd¿rds have not been establíshed for the finalfIL Lrrc Pf ËÞs!!L LrlltE, qudrr LJ Þ L4

product. Consumers have therefore had to contend r,¡ith whatever is available

in fhp merl¿at TpsnrÃ 1 ôô- ^f 
j t-c ñ"-1 i +"

-,-odluIËÞÞ ur rLÞ Yu4frLJ.

The major problems 1n the processing of wild rice are 1) - the industry

has not become equipped for large scale operatíons and 2) - much of the under-

standing of the processing operatíons is based on art and not on scientific

technology. This study \¡7as therefore carried out 1) - to study the effect of

the curing system on wild rice quality, by varying a) temperature' b) hu-

midity and c) storage time. 2) - to study the effect of the parching system

on wild rice quality by varying (a) temperature and (b) tíme. 3) - to eval-

uate the quality of the final product obtained in (1) and (2) above by color

analysis, yield analysis, sensory evaluation and consumer preference.



2. LITERATURE REVIEI^]

tr^lild ríce has served the Indíans both as food and revenue for many

years. However, no ínformation \^ras ever written concerning their processíng

techniques until 3-5 hundred years ago (6, 7, lB, 38). Such ínformation

became available only after the white man migrated to the wÍld ríce regions

in the l8th century (19, 38). At that time, the white man \.^7as dependent

on thís grain as a staple and winter food. The Indians harvested the rice,

processed it by hand and sold it to the rvhite man until recent years when

he began to manage the production of this grain.

Rapid groruth of this neru industry has resulted in the need for improved

cultivation and processing techníques. The first commercial paddies were

developed in Minnesota in L964, and since then, (tables 2 & 3), commercial

wild ríce production and processing has expanded rapidly into lnlisconsin,

l,fanítoba, NorthruesterrÌ Ontario, Saskatchewan, Alberta, and Michigan.

2.1 The tr^lild Rice P1ant

Tl-re wild ríce plant that gro!üs in the upper Great Lakes region is

known scientifícally as ZízanLa aquatica. It ís found throughout the

eastern and northern United States and southern Canada (19' 38). It ís

also known by several other names such as fndian rice, menomen, \,,/ater oats

and marsh oats (8, 19, 38).

Wild rice is an annual aquatic grass. It maLures indeterminately,

shatters and therefore the seed has to be harvested in the immature green

stage (8, 19, 25, 38).

2.2 Tlne I^li1d Rice l(ernel

A kernel of wild ri-ce will range from 1-3 cm long and 2-4 mm in

diameter. It is almost cylindrical wíth a slight indentation along

the length of the kernel and tapered ends (25,26,35). The outer



TABLE 2" The Production of tr^Iild Rice in Minnesota from L973-75

Year

L97 3

L97 4

L97 5

r97 3

L97 4

L97 5

Courtesy of Universi ty of
Genetics. Apri1, I976.

Acres
Natural Stands

Cultivated Fields (Paddv)

18, 000

13, 000

13, 000

Unprocessed GraÍn (1b)

I, 000, 000

550,000

100, 000

3 , 000, 000

2, 7 00, 000

3, 200, 000

Minnesota, Department of Agronomy and Plant



TABLE 3?T. The Price and Supply of Green Wild Rice in

6

Manitoba f.rom 1966-7 4 .

Year
Green Rice Approxímate price

Natural Stand (ke) to Harvestor (kg)

7966

L967

1968

r969

r97 0

L97L

r97 2

L97 3

L974 (est. )

:kAdapted from i,Iíld

(1b)
(rL9,L26)

(593,000)

(230,000)

(160,000)

(r45,000)

(470,000)

(678,000)

(624,000)

(102,000)

(ke)
54,036

268,gB4

L04,328

72,576

65,772

2L3,L92

307,540

283,046

46,267

(rb)
$ (r. ro¡

(1.4s)

( .64)

( .7 s)

( .70)

( .+s)

( .+s)

( .so)

ll¡o)
2.43

3 .20

1.41

r.65

r. 54

aa

qq

1. 10

Rice Production in Ì,Ianitoba by D. Purìter et . al . No . \17 107(



coat of the kernel ís a thin, pigmented layer known as the pericarp

(Fígure 1). coveríns fha r^rhore kernel i-s a thín outer

sheath called the hu1l. one end of the hull tapers to a brístly hair-

like point called the beard which is usually about as long as the kernel.

The hull c1Íngs tightly to the kernel but must be removed during processing.

Freshly harvested grain contains about 35-40% moisture (22, 4r, 42) and

has a pliable kernel that is d.ark-brown to black ín color when fullv mature.

After processíng, the kernel contains 7-II7" moisture and the endosperm Ís

hard and translucent due to the gelatinization of the starch.

2.3 Early Methods of Processing Wild Rice

A detailed description of the methods used by the Great Lakes Indians

ín processing wild rice has been revier¡ed thoroughly by chung , rgl5 (10).

The traditional harvesting method ínvolved two individuals in a canoe.

one maneuvering the canoe through the rice stand and the other bendíne wild

rice stalks over the canoe and striking them with a stíck, causing the

mature seeds to fall ínto the canoe (8, 19,3B, 4L). This technique is still

in use today by native people but is gradually being replaced (15, 33, 41).

After harvestinç riaê Í^ra".ured (dried) by one of three methods: (1)

- rice I^7as spread ín a thin layer and exposed to the sun f or several clays:

(2) - rice was placed on grass mats hung 3 to 4 feet above a slow-burnine

smokey fire for l to 3 days: (3) - a few pounds of rice \^ras put into a

keLtle and heated at a high tempeïature for 15-30 minutes vrith constant

stirring (8, L9,28,4L). The latter method was called "parching" and

produced rice with the best flavor (3, B, 19,38, 4l). often tÍmes rice

was sun-dried for a few days and then parched.

After curing, rÍce kernels became hard and hulls were brittle. This

permitted the hulls to be removed by a rubbing action, which \,7as accomplished

in one of three \,{ays: (a) - putting the ríce into a shallow hole and having



FIGURE l. The hríld Rice Kernel'



a man tread on ít; (b) - putting rice into a shallow hole and pounding

it with a pole; or (c) - putting rice ín a bag or on a blanket and beatins

it with stícks. After dehulling, chaff and kernels were separated by

winnowing (19, 38). Following this operation, rice was read.y for storage

or to be cooked and consumed.

2.4 Modern Processing I'Iethods

Modern wild rice processing accomplishes the same purposes as tradi-

tional methods but involves a higher degree of mechanizatíon. Processinq

techniques and equipment designs vary among processes although they are

similar ín all respects. The basíc steps of processíng are: harvesting,

storage (curÍng), parching, hulling, winnowing (cleaning), grading (síze

separation) and packaging (8, 10, 13, 38, 4L,42). special machines called

speedheads have been adapted to harvest natural stand wild rice (Figure 2),

(13, 38). Paddy rice is harvested by ríce combines after draining of the

paddíes (4I,42). The harvested rice is packed into cloth or plastÍc bags

and transported by truck to the processing plant (4L, 42).

The ríce ís usually stored (cured) from 1-5 weeks eíther outdoors

or in sheds. The purpose for this is twofold: (a) - to nature the green

rice and (b) - for storage since the equipment used in the subsequenc

steps is not of. a síze sufficient to handle the large bulk of material

very quickly. The basis for this is economics, i.e. the rice harvesting

season is only 4-6 weeks while the processing season has been extended

to L2-L4 weeks. Even under these conditions the plant and equipment lie

idle for the rest of the year (8, 13, 14,32,38, 4I,42).

During curing, the green rice is spread out on the ground and piled

up to a heíght of 1-3 feet (15). The rice ís stirred and turned over

every day and then watered when necessary, throughout the curíng períod
(1î 1< ./,'ll .nl\fw, LJ, +L). rne purpose of this practice ís to prevent any excess heat
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accumulation in the rice pi1e, dissipate moisture, and retard mycelial

growth (15, 20). Under these conditíons of storage, a combined enzymatic

and microbial fermentation occurs, resulting in several important changes

ín the rice, namely: (a) - development of a darker color ín ihe kernels;

lh) - derzelonmen* ^ç ^^^^^¡^L1^ f]âvôr: lc) 1 ^ç *he hull\u./ uLvçruyrrrslrL v! dLLcl,LdurE !!avv! t \u,/ udÞy rstrtuvdl uI L

^E+^- -^-^Li-^. enri f d) - n ripcr^^^^ r- ÊL^ çi-^1 --r ^1 I ^c ç: -t ^hed f iCedr Le! P4! LrtMË \-/ edÞE lll LtlE lrttdl yrcf u u! lMaÞ

(1n l5 ¿ll These factors will be discussed in more detail in the next\!vt LJt aLt.

section.

Parching is generally carried out in mechanically rotated, horizontal

^È^^1 ^-.1:^Ã ^-^ ÈL L^^+^r L-- ^^^ T*^j r^ theSe dfUmS afe SteelÞLCçr LJrllruefÞ Lr¡dL d!s rlsdLcu uJ 6dð, !rrÞrue

paddles for stirríng the rice to prevent scorching (15, 22). Parchíng

may also be done in stationary barrels with paddles rotated mechanj-cal1y to

mix the ríce. This method does not dry or prevent scorchíng of rice as

aFî: ^-i anrlrr n- .1^^^ +l-'ô r^f -r-í-c 171¡¡ mat. hnd (1\ ))\s! ! rLlerr LrJ éÞ uuçÞ Lllc ! u Ld L!rr6 \ -- , LL,/ .

After wild rice is dried to contain about 10% moisture, it is hulled,

usually in a ríce huller equipped with two rollers that rotaLe at different

speeds (7, 15, 35, 38). The hull ís strípped from the kernel when the

rice grain passes between the rollers. This ís a critical processing

phase due to the fact that the kernels' long Lhin shape makes them easily

susceptible to breakage. How successfully and efficiently rice is hulled

depends largely on the uniformity of the grain, sLorage and curing treat-

ment and parchíng conditions (10, 15, 35).

Modern cleaning (wínnowing) of wÍld rice is accomplished by using

commercíal seed-cleaning aspírators (15, 22). After cleaníng, the wí1d

rice is size-graded ínto whole, cracked and unhulled fractíons using

gravity tables or sízing screens (15, 22, 4L). The finished rice is

packaged and stored in a similar marrrrer as done for other dried grains.
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2.5 Curing (Fermentation) of Green i^I1ld Rice

As mentioned above, the wild rice processor must store most of the

freshly harvested grain that arrives at his plant, due to the short har-

vesting period and hígh cost of processing equípment (7,15, 35, 38).

The rice is therefore stored in piles up to 3 feet deep either outdoors

or in sheds. It is then turned over and watered daÍ1y for a period of 2-6

weeks while the kernels mature, i.ê., develop a darker color (10). The

immature kernels that must change color are those whích have a green ro

light brown pericarp at the time of harvest. Durine the curins process,

thÍs green to light-bror,vn color changes to dark brown or black if curine

conditíons are favorable (10,15, 20,22). The curing process is thus

necessary to ensure a more uniform dark colored product. since after

harvestin8, anY lot of rice usually would contain a mixture of dark mature

and green immature kernels.

This color change probably results from a continuation and completíon

of the ripening process during curing (10, 15, 22,4L,42)" However, if

Lhe harvested kernel is not near maturity, rípening enzymes are not yet

present and the color change does not occur (10, 15).

The ease of hrrllíno ie ¡lo^ regarded as an important factor ín the

curing process. Since kernels that are not hulled in one pass through

the huller must be passed through the huller again, easily hulled rice

means a more efficíent operatíon, results in less breakage and hence,

hpf rar r¡ialrl (1^) 15, 4I , 42). The increase Ín hul I ins sf f j¡jp¡^-, .r\4vt -J) T¿t a-/. rrts rrrLrsaÞe ¿tl ___*__--o _--_**_--C! ¡ AL

the present tjme can only be attributed to cel1ulo1ytic enzvme action

in the hull during the curÍng period (23).

TL^ J^--^1^*-^-L ^C ^-^--!^l 1- 11rrrç uËvËluymêrit of acceptable flavor in wild rice is also achieved

during the curing process (10, 4r, 42). uncured wild rice normallv has

a bland grassy unâcceptable flavor (10, L5,22,4Ir 42). However, an
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acceptable grainy' nutty and slightly earthy flavor is developed under

favorable curing conditions, giving wild rice its unique "gameytt flavor

characteristics (15). I'licroorganisms could be important in the develop-

ment of wild ríce flavor, since curing conditions are generally conducive

tn rhoir ornr'rrh (15, 20). Molds could also be imnorf :nt in rhp der¡elnn-¿v / . rtvf uù LUuru dIÞv ug lt¡rlJv! LarrL r!t Llle _v

ment of the fermented flavor of wild rice since they thrive d.uring curing

(3s).

Unfortunately, the presence of mold mycelia in curÍng wild ríce has

been associated with and attributed to undesirable and. unacceptable moldy

flavors in the finished rice plus possíble development of aflotoxins (10,

15, 23).

Another result of curÍng is a decrease in rice solids towards,the

end of a lengthy curing period (10,15, 4r,42). Thís is caused primarilv

by respiration actívities in the grains and partly by the growth of micro-

urBaIlrSmS (rJr. rrtç rró!rrrrearrLe v! rrrrçL--'5arriSfiÌS in cauSing a loSS in

rice yield was reported in Loganfs M.Sc. thesis research.

2.6 Cookíng Studies and l(ernel Fragilíty

Consumer acceptance and preference, with respect to eating and cooking

qualitíes are important ín judging rice, since they vary from person to

person (37). Most consumers prefer rice grain that cooks dry and fluffy

with kernels that retain their conformatíon and remain separate after

cooking. Others prefer rice that cooks moist and chewy with the grains

tending to cling together (37). Since different gïoups of people prefer

various cooked textures, there is a demand for all types in the market (Zl¡.

Taste panel works conducted by chung (r975) and university of In/ísconsín (40,

4I) have indicated that processíng techniques affect the cooking properties

and acceptability of cooked wild rice.
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Therefore this study ldas carried out to determine the effects of

-^*^Li ^-^f rìres on ihe nu¡l i fv of eookerl r^ri1d rice.Pd! Lrrlrló LEllryEf d Lu! uo yu@rr L j v! uvvNUu w

2.7 Sensory Evaluation

Every food processor ís interested in product quality as influenced

by processing techniques. This applies as well to the wild rice industry.

However, no well established quality standards exist for wÍld ríce. At

the present time, numerous processing methods produce iinÍshed rice wÍth

great variations in appearance and taste (41, 42).

Pfaffmann (f961) has noted that the senses of taste and smell have one

unique property: they can and do instígatestrong acceptance or rejection

responses (1, 30, 31). Hence the evaluation of wild rice by means of these

attributes is undoubtedly appropriate. i^li1d rice flavor is one of the

major factors in judging the quality of the finished product (4I,42).

The first flavor profile for wild rice was through taste panel studíes

in 1970 by the UníversÍty of l^lisconsin. This group reported that the flavor

of wild rice included the following characteristics: bland, grassy, tea-like,

-^1r-- ^^-#L.. 1-j ++^- f ^^^+^r ^$^-^L-- ^-^ j-.. --r UnCOOked.urwru)/, v4LLLL)| , Þw4[yj¡t urLLç!r LUdÞLeur !dwr ÞL4rLr¿Jr 6r@rrrJ @r¡u

In L975 Chung developed the second wild rice profile. This was modeled afLer

the i¡lisconsjn svstem- ¡nd eonsis*^r ^ç 't '- ters. Both the lnlisconsinLrrL rrloLvlrorlr ÐJ *-LCU VL LA Pd!4ltlg

group and Chung have reported that, acceptable flavor ín finished wild rice

i o n €f antÂ¡ '|..\r 
^rncoqq-í no 1-ochni ^ô-^^i r1 1-r ¡11¡i no I jmo ¡n j i-6lmner¡-!Þ éIIsuLçu uy y!vLeodr116 LeerrrrrqueÞ r cÞycLIdf fJ eu! srru LurrrPu!e

+"+^ -^ --^11 ^^ Dârchins temoeratures. These studíes also indicatedLU! ç t 4Þ Wçf I dÞ l/q! vrrtr!6

that mature wild rice kernels have a more acceptable flavor than ímmature

kernels.

Theref ore - the ohi eef i'rze of f- hi q qençnrw erz¿fsation v/as to determíne!rtere!v!et ç¡¡e vuJ

a fínal and precise flavor profile that best describes good quality finished

wild rice, and which could be related to consumer preference.
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2. B Consumer Survey

One of the first needs of a developing índustry is to determine

consumers preference for quality and grade. I^lith such knowledge, it will
be possible to control prod.uction and processing to adapt the desired

product to market demands.

Consumer reactions are dÍffícult to measure (18, 29) but the neces-

sity for such studies will continue to gro\,/ as competítíon for the con-

sumer food dollar increases. Consumer reactions may be measured in two

\,rays: (a) - by consumer pref erence studÍes and (b) - by consumer practice

studíes. This is because, those who prefer may not be those ivho buy (1).

Preference studies are designed to determine consumerts subiective reac-

tíons to external phenomena, and theír reasons for having them. Practice

studies are designed to determíne what consumers actually do under given

circumstances, such as the amount of whole grain or broken grain rice

purchased when the cost of each type is quite different. Acceptance of

a food varies with standard of livíng and cultural background; whereas

preference refers to selection when presented with a choice (1, 17, 31).

In addition to the quality of a food, preferences are frequently influenced

by prejudice, group conformance, t'status valuett, snobbery etc.

M¡nrz namnlex factors combine to influence the publicts âcceLLaLL)t sv¡rrPfe^ rdLLUrÞ uullrurrrc LU IIIIIuellcg L-._ r - *,,,lptance

and selectíon of food (1, 40) (Tab1e 4). Tl-re rnajor factors however, are

appearance, flavor and cost.

Appearance probably has the greatest Ínitía1 Ínfl-uence since visual

properties significantly control selectíon of the item from many others

that may be displayed (f).

Flavor is mentioned by a large number of consumers as the reason for

overall preference and continued use of a product. Once ihe food has been

tasted, color and texture become secondary to flavor (1).
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TABLE 4'Å'. Factors Inf luencing Acceptance and Preference.

Attributes of the Food Product Attributes of the Consumer

1. Availability 1. Regional preferences

a rr¡i 1 l !--L. uLrrrLy ¿. Nat]-onA-L]-ty, IACe

3. Convenience 3. Age and sex

4. Price 4. Religion

5. uniformity and dependability 5. Educatíon, socio-economics

6. stability, storage requirements 6. psychologícal motivation

(a) S;'rnbolisrn of food
(b) Advertising

7. safety and nutritÍonal value 7. Physiological motivatlon

(a) Thirsr
/1 \(b) Hunger
(c) Deficiencies
(d) Pathological condírions

B. Sensory properties

(a) Appearance
(b) Aroma and taste
(c) Texture, consístency
(d) Temperature
(e) Pain

:lAdapted from "Prínciples of Sensory Evaluation of Food" by AmerÍne et. al. 7965.
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Price is an important limitation to the freedom with which the con-

sumer selects foods. Consumer buying beiravíor for a canned product in-

dicated t-hat 687" of L19 famílies selected a certain brand on the basis

of flavor, whereas 597" of. the l2B families who selected a minor brand did

so orr the basís of a lower price (1, L7' 29,3f). The príce of w1ld rice

in L972 was $6.00/fb (41) as opposed to $2.5415 lbs of polished white

rice in the same vear. l'lhether consumers will purchase wild rice at a

rate commensurate with the supply and at a price high enough to ensure

a continuous flow of the rice into the market, should be of concern to

every wild rice processor.

Other factors influencíng consumer reactions Lo foods are: interest'

motivatíon, discrimination, regional preferences' age, SeX, trstatus Valuet'

etc. (1, 3f)

Ar rhe

to consumer

to determine

present time no ínformation or standards exist with respect

nrpference of wild rice. Hence, this survey was conducted

consumer preferences and practices for finished wild rice.
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? Materials and }fethods

The de.n¡rfmênf nrrrehascd 91 .0 ks I ots of ereen lake rice f rom each/r. v !\b

of the following lakes: Eileen, Harrop, Shallow and Lac 1a Ronge; and

91.0 kg of green paddy rice from Sprague in September, L974. These lots

r?^*^ ñrr+ -i- ç*^-en sf orâAe. âf -L^oî ^-r -*^-^^-:eri in e:r'ìv I975. Inws!ç yuL LLL LLvLeLL TV vt dtru yIULçÞÞLu lrr e@lljl L/ t -

September, 1975 the Department purchased another 45.5 kg of green rice

from Crowduck Lake;22.8 kg from Booster Lake and 9f.0 kg green paddy

rice from Sprague. This 1ot of rice was also processed after three

montlrs sf orâqê a.t -40o C.

Two controlled environment cabÍnets (P.11. Industries, ENCOI{. Division,

Wpg.), a two-burner coffee roaster (Jabez Burns), and a smal1 huller util-

ized in this study have been previously described by Chung (1915). The

cabinets (1.65 m X 2.25 mX 2.4 m hígh) (Figure 3) were designed for humidity

and temperature control and permítted air exchange (inside air replaced by

outside air) at a rate of 1,270 cfm.

Each of the two units of the coffee roaster held a maximum of 454 s. of

cured rice. The units were heated by manually controlled gas jets; rotated

at a speed of 55 rpm and T¡/ere po\,rered by a L/6 hp electríc motor (Figure 4).

The single roller huller (Figure 5) (designed by the Plant Science De-

partment, University of Manitoba) \ùas po\'üered by a I/6 hp electric motor.

Thís unit consísted of a steel roller covered with rubber whích rolled

against a fírm wa11 also covered with rubber. The gap between the roller

and the wall could be spring adjusted according to the size of the product

L^:..- L--1r^' -he abrasÍve action encountered bv tlre rice oassinE throushugtrrË tlurlgu. IItË éuLdbJVË 4LLrvlt gt¡çvutrLÇrgu uJ ____^-o

fL^ ^ ^,,çç: ^-i^-È +^ '^ñ^r,^ ¡1-^ 1.,,-ll 
^€+^- ^Lrrç Ètap *oo o*.ti-cignt to removg thg hull. Af te' paÐÞlrró Lrrs ó@IJ Lrre ! ru'

kernels and the hulls encountered an air stream generated by a fan which

was sufficient to separate the two fractions,
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FIGURE 3. The Controlled Environment Cabinet.



,'.
',:

::

ss
'

F
IG

U
IIE

 4
. 

T
he

 J
ab

ez
-B

ur
ns

 T
l¡o

-b
ul

ne
r 

C
of

fe
e 

R
oa

st
er

.

.w



:1

FIGLÌ,R.L 5. One Roller Wild Rice Huller.
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3.1 Curing and Parching Studies

These experiments \.{ere designed to determíne the optimum and most

efficient sysLems for processing wild rice. Chung found that loiv curing

temperatures rùere the most ideal for producing hígh quality rice. He

also reported that parching temperature affected especially, yíeld and

overall qualíty of finished wíld rice. However, Chung did not study the

interaction between curing temperature and humidíty. His research also

failed to establish an optimum parching condition (temperature) for wild

rice. Therefore, the purpose of thís research $/as to establish those

conditions of curing and parchíng wild rice that would produce high quality

finished rice.

The wild ríce cured utilizíng systems A, B, and c were parched by

L ar.d 2. The Lac 1a Ronge, Harrop Lake and paddy wild rice cured wÍth

system D were parched in the same manner. The Eileen and Shallow Lake

wild rice cured by system D were parched by systems 3 to 9 inclusive.

The wild rice cured by systems E and F r,rere parched by system 6.

The purpose of usÍng two dÍfferent temperatures for parchíng

\n/as to facilitate comparison of results with the previous work carrled

out by Chung. The low temperature used was just above gelatinizatlon tem-

perature of ivífd rice and the high temperature r¡/as just below the maxímum

recommended parching temperature (41, 42). rn additÍon, a series of tem-

peraLures, ranging from below the gelatinization temperature of wild ríce

to above the recommended naximum parching temperatures, v.rere Ínvestigated

in order to select the optimum parching temperature for wild rice,
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3.1.f Curins Studies

experíments included temperature,

rvild rice and were designed as

The variabfes

L"*"1-'+-' õr^v^ãtlulilr-urLy, sLoraBe

follows:

System A.

System B.

Qr¡ctam l-

System D.

System E.

studied in these

Lj*^ ^-^, ----^ ^fL ruls t drlu LJ Ps v

Temncrnfrrrc 3oC

Relative Humidity 957.

Htnê tvnê - v2ññ" '^'-e!\rLu rJyu !ouuJ WIIU rrççr L4N'

Harrop, afld Shallow Lakes and Lac

Çl- nrnoa T-íma - 9 WeekS.

Frnm I-i l aan

Tcmner: 'l.lrrc 5" C

Relatíve liunídity 95"Á

Ri ce. Tvoe - Paddw r"ri 1r1 ri ce end Shallow Lake wíld Iice.
StoraseTime-7weeks.

Temoera trrre 3B'C

Relatíve Humidity 957.

Rice Type - Paddy wÍlcì rice and Shallo\"r Lake wild ríce.
ÇfnrrooTimp-É'.1^,,^uLv!u6e rr¡rru u u4Jù.

Temperature 15"C

Relative Humidíty 95"Á

Rice Tvne - Pndd-- --;1r -i ' Lake wild rice fromr\!Lç r jyL t auuJ WIIU !f Ls 4llu

EÍleen, liarrop and Shallor^/ Lakes and Lac 1a Ronge.

StorageTirne-4weeks.

Temner: f rrre 10" C

Relative llumídity 157.

Riee Tvne - Pnddv wilrl rice ¡nd Crowduck Lake wíld rice.
StoraseTime-4weeks.

Te.moera trrre l0t C

Relative Humidity 55"/.

Rice Type - Paddy wild ríce and Crowduck Lake wild rice
StorageTime-4weeks.

wild rice
1a Ronge.

Çrrcfam I'
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The Crowduck and Paddy wild rice used for systems E and F had been

separated by washing into mature and immature fractions based on specific

gravity.

These conditions \^rere selected because they represented the range

ên.ñlrnl-orpd hw r.ri 1d ri cê rtrôcessors (l5t - 38oC and variable relativeç!Ìuv urrL s! us uJ/

h1unidÍty) oI \^zeïe recommend,ed by previous researchers (3, 5 and 10"C

and hish relative humidÍties) (10' 15' 41).

3.I.2 Parching Studíes

Parching temperature, time, curing environment and the type of rice

were the varíables studíes in these tests. The varíous parchíng systems

r^rere desi sned as f ollows:

System 1. Low Temperature Parching -
Rice at room temPerature was gradually raised to 79oC

and parched for 50 minutes in the coffee roaster'

System 2. High Temperature Parchíng -
Rice at room temperature was gradually raised to 135"C

and Parched for 25 minutes.

System 3. Rice at room temperature was gradually raised to 65oC

and Parched for 70 mínutes.

System 4. Rice at room temperature was gradually raised to 79oC

and parched for 55 mínutes.

System 5. Rice at room temp.erature was gradually raised to 93oC

and Parched for 45 minutes.

System 6. RÍce at room temperature was gradually raised to 107"C

and Parched for 40 mínutes.
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Qrzc'l.om 7 Rice at room

^-t - ^-^t^Àalru Par Lr¡cu

temperature .tras

for 30 minutes.
6r4uudrry !4rÞEu LU r¿r u

Çr¡ql.am R Rice at room temperature vras

and parclled f or 25 minutes.

Rice at room temperature \.vas

and Dârched for 20 mínutes.

orr¡ìrrr'l I rr raased to 1J)-L;

Çr¡ql-om Q gradually raísed to 149"C

3. 2 Experimental Procedure

The wild rice purchased for these studies has been previously de-

scribed in Section 3. trnlhen specíf icsamples of rice vrere requíred, these

t{ere removed from frozen storage and tha\,red at room temperatuTe, (usually

about L0-24 hours) then thoroughly washed in cold \,'rater to remove gravel,

\.üorms, ínsects and plant debris.

3.2.L Experímental Design for Curing

For specific tríals, 24.0 kil-ograms (kg) of wild rice (for each rice

type) were subdÍvided ínto 3 lots of 8.0 kg and placed into cylindrical

metal containers (61.0 cm X 30.5 cm) to a depth of approxímately 30.5 cm.

The cylinders r¿ere perforated on the bottom with L6, 0.32 cm holes.

A1l rice samples cured by systems A, B, C, and D \rere treated as above.

Rice samples cured by systems E and F rvere handled as follows: each ríce

type T/üas divided into t\,üo sub-samples. One sample vras the unwashed control

(mixed fractÍon), the other \¡/as washed ín a cold water system in order

to separate the ríce into trvo fractions. (This research v/as part of Leungrs

l"f.Sc. thesis program (44). The heavíeï rice (mature fraction) sank

i^rhile fhe lishrer limmature) fraction floated and was removed. The weishts¿rrv vvv+ôr¡eu

of these fractions rdere recorded and i¿íll be utilized 1n Leungls thesis.
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The unwashed control

descríbed in Section 3.1.

mature and immature fractions were cured as

by Systems E and F.

)

1

1-) -? F',vncrimcnf al I)esiøn fnr P:rr.hins

For fhe r')rrrnôsê of deferminino f-hp

r\rere removed from the curing environment

parched as outlined in Section 3.I.2.

optimum curing time, samples

as descrÍbed below and \'/ere

The parching study started at 0 tíme for each curing system and con-

tinued every 7 days for Systems A, B, and for some rice types in System

D, E and F co the end of storage. Samples l,/ere removed every second day,

startÍng at 0 time for System C. For System D, an optimum storage time

lüas selected and the remaining types \^rere parched at tlìat one tíme.

There \ùas not sufficient sample for the immalure fraction from Systems

E and F to have contlnuous parching, This was parched at 0 time and at

the end of storage while the mature and mixed fractíons(unwashed control)

\^Iere parched as descrÍbed for Systems A anci B. For each parching study the

rice types \i/ere replicated as f ollows: rice ¡vas removed at random f rom the

three containers, mixed, weighed into three 250 g sublots and parched.

? 2 l"'riñc .-.1 Do*¡1-''ina 'F^^- . . --r rr.ó -rr* t o. -..rrró t=-hniÇuêS

i^lild rice should be turned (stirred) and watered perÍodically to

prevent heat build-up ín the rice pile and to ensure even distributíon

of moisture in the rice pí1e (10, 15, 22,4L, 42). These are also tech-

n'inrroq rlqoâ ín Èho -ínr]rrcl-rrz

3.3.1 Curing Techniques

The rice had uniform moísture distríbution

and therefore was rdatered only when it appeared

AS a result of washíng

lra r]rr¡ Tlra ri¡oto
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.rrrêd rnrler Svstems A and B were turned every second day for the purposeurlsvL vJ vÉ

nf innrorcino ¡or¡iinn reIrlcinø Irod l.êmnêrâirrre:nd helnins to ñrê1têñf
Þ ueu LsIItPs!4Lu!ç orru rrstI,!!ró

mold grorvth. The ríce cured \^Iith systems C, D, E and F systems were

lurned every day. The moisture content of the rice vlas determined at

rlre heøinnins and at the end of curing. The temperature of the raild rice

bed was monítored throughout all curing studies as follor^ls: glass mercury

thermometers vrere inserted into the center of the rice bed of each con-

tainer and left until a constant reading vTas attained. This temperature

\.^/as then recorded. The desired temperatures and humídÍties \^lere set by

control ín the cabinets one r¡7eek prior to use in order to equilibrate

conditions and \¡rere monitored daily after the experiments were starLed.

3.3.2 Parching Techníque

The- te,moerature of the rice bed for each unit of the coffee roaster

Ì¡ras monitored throughout the entíre period of parching. Thermocouples,

composed of copper and constantan were posÍtioned in the center of the

rotating unit and \..rere coupled with a thermoelectric multípoínt recorder.

This system \^ras standardized by means of a Therrnoelectríc MÍnimite with

reference to a thermocouple temperature - millivolt table prior to ex-

perímental use. All parched samples were then treated as follows:

The moísture content \^/as determíned by the vacuum oven method (2) .

The samples vlere weighed prior to and after hulling.

The hulled rice was cleaned and size graded with a clipper manufactured

by A.T. Fernell and Co. Saginau, Michigan. The size of screens that

vrere used vTere 0.31 cm x 1.875 cm (8164 in. X 314 in-) and a No. B

mesh for Lake ríce while a 0.113 cm x 1.25 cm (\l2Z in. X Llz ifL.)

Ì/üas used for PaddY ríce.

1.

2.

?
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4. The Hunter Lab Model D25 color Difference Meter was then used to
evaluate the color of the finished rice.

3.4 liulling StudÍes

All hulling !ùas carried out \rithín t\üenty four hours after parchíng.

ThÍs is necessar)/ rzith respect to ease of hulling and reduced lcernel

breakage (1n )) /,r\
) L-, all .

The effect of the various curing and parching systems on the ease

of hulling l,74s evaluated by qualitative means, After cleaning (section

3.3.2) the yield of ríce for each treatment was calculated as follows:

Percent yield of finisl'red rice = weight of hulled rice",-_, A-LUU\.ùe1gnt oI cured raceTí?ï

?'rWeíght of hulled ríce was the combined weight of broken and whole kernels.

:"':'<Jþis was always 250 g.

3.5 Color Analysis

In the lvild rice industry, suitable color development has been des-

ignated as one of the primary quality factors whích d.etermine the marhet

value of wild ríce (22,24,4r,42). However, there Ís no standard

method yet established for wild rice coloï measurement. The l{unter Lab

Model D25 Color Difference Meter has been widely used for the measuremenr

of color of grains. It has been used to measure the color of polished

domestic ríce in the rice industry (37), and has also been used for the

determinatíon of rvheat class and grade (24, 34). A detaíled descrjorjon

of color measurement has been presentecl in Chan and Gerbasirs theses (g,16)

3.5.1 Procedure for Color Analysis

For color measuremenL of

values were used to calculate

v¡ild rice in this study, three color

total color difference of each rice

the

the
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samPle compared to a color standard. The overall (total) color difference

(an; indicates the differerrce in color between the soe,cimen anri the color

standard. The laroor fhê ^¡'rrr11¡s, the larger Ís the color difference

between the sample and the color standard.

3.5.2 Experimental Desígn for Color Analvsis

A good fínished wild rice should have a dark-brorvn to black color.

Consequently, a whíte color standard plate was chosen as the reference,

r^7ith the f ollowine value:

L = 93.8

^T - 
1 1dL - -f.I

bL = 2.3

The difference of each color component has a value of ¿lL, &aL and. AbL

and6E is calculated from these values by means of the following equatíon:m4s = W(¿r-)'* (oaL)'+ (abL)

3.5.3 Techniques for Color Analysís

All sanples obtaÍned from all processíng systems in this study were

analyzed for color as follows:

(a) Approximately 40.0 g of clean finished wild rice, from each

sample, \¡/as placed in a clear glass container (especially designed for

the Color DÍfference Meter).

(b) The color difference value of each sample was then record.ed.

(c) The ÁE value r¡/as then calculated, for each sampre, from the

data obtaíned from (b) above.

3.6 Cool<ing Study and Kernel FragÍlity

The cookíng properties of finisl-ied ivild rice are important in the overall
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acceptance of this grain. This study was conducted to determine which

parchíng temperatures produce acceptable cooked rice. The effects of

parching temperatures on kernel fragility were also investigatecl.

3.6.1 Cooking Study procedure

All wild rice samples used in this study \üere processed by curing

systems A and D and parching systems 3 to 9 inclusive, as described in

Sections 3.3.1 and 3.3.2. Eíleen Lake and Shallow Lalce (1974) wild rice

were selected as the rice types to be used. Following curÍng, parching

and hullíng, whole kernels \,{ere separated out f rom the whole samÞles

and were treated as outlined below.

3.6.2 Experímental Design for Cooking

For each parching system, there were 3 replicaLes for each rice type

and each curing system. The 3 replicates i,rere mixed and then 2 sub-samples

composed of 100 whole kernels each were drar,¡n and weighed. Water amounting

to 7 times the weight of each sub-sample \üas added and then the mj.xture

r,¡as cooked (40) . All sub-samples \.{ere coolced for 45 mi nrf es I s¡me cooking

time as used for taste panel work).

3.6.3 Cooking Techniques

The sub-samples were cooked ín a corning gourmet d.ouble boiler as

follows:

(a) Each sub-sample was washed three times with clean tap \^/ater.

(b) The amount of water required for each sub-sample was placed in

the boiler and brousht to a hoj i before the rice was added.

(c) During cooking, the r,rater temperature tüas maíntained just at

l'ni'l inn nn-í-¡I,vfrrL.
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(d) After 45 mínutes of cooking time, âny excess \^/ater \^/as drained
nff L" -^--^ ^'cur r Dy lneans oI s leves .

(e) The coolced kernels vlere than grouped accordíng to the follovring

categories:

(í) whole and Íntacc

(fÍ) whole and sp1ít

(iii) srraighr

(iv) curled

and then counted. These counts \¡rere then recorded.

3.6.4 Procedure for l(ernel Fragility Study

All wíld rice samples used in this study were the same as those used

for the cooking study (as described in section 3.6.1).

3.6.5 Experimental Design for Kernel Fragility Study

There were 3 replicates obtained for each parching system and for

each rice type and curing system (as described in section 3.6.2). Four

sub-samples of 50 whole kernels were ranclomly selected from the combined

tri-plícate samples (as in section 3.6.2) for each rice type. A1l sub-

samples were then handled in the follorvÍng manner.

3.6.6 Techniques for Kernel Fragility Study

Each sub-sample was held under fluorescent light in order to expose

the stress points more clearly. These \.üere verticalfissures in the kernel

that r^¡ere 1iable to l¡reak apart upon hu11íng or cooking. The number of

kernels contaíning stress poínts l{ere counted. and recorded for each sub-

sample.
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3.7 Sensory Evaluation

The main objectÍve of this study \.^7as to Ímprove upon and fínalize the

characterizatíon of the appearance, aroma, texture and flavor of (cooked)

wild rice. This profíle was used to evaluate the quality of finÍshed wild

ríce tirat was obtained from the processing studies. It was antícipated

that this profile would be a standard guidelíne for rvild rice processors

and consumers. A group of 8 traíned panel members were asked to evaluate

+L^ -i l^^ 4^^^-1.'ñõ +^ *1-e pqi:hljehad nrnfilp orrírìalinaqLlrs !rLs ùduryIEÞ dLug!uI116 LU LIt_ __ r-_,_*_

3.7.I Experimental Procedure and Panel Training

A total of 330 replicates r^rere obtained from all rice types used in

all the processing systems, and it was not possible to test all of these

in the sensory studíes. 0f these, 87 replicates were used in the sensory

evaluations and were selected on the basis of previous studies carried

out on the flavor and acceptabílity of wild ríce. These studies conducted

by Chung (L975) and the Lrniversity of l^lisconsin (1973) indicated, for ex-

amp1e, that wild rice cured at high temperatuïes eg 38oC, were highly

unacceptable after an extended curing period. In additíon, many replícates

were considered to have received very similar treatments and therefore, a

representative replicate was selected.

Eísht strrdents and slaff from the

trained in L974 (for Chungrs research)

flavor characteristics of wild rice.

were held twice a week for 4 months.

Food Scíence Department who were

\,úere retraíned to identify the

f n 1Q7 L, nnnol fr*--__ _ra].nang sessl_ons

The nenplisrs held a discussion

period after each training session during which the various sensory

characteristics were identified and discussed. Twenty-four descri-ptive

words deríved from these traíning sessions \¡rere utilízed as the basís
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for the formar of the ballot used in the 1975 srudy by chung. The 1975

ballot served as the basis for the ballot used in this study. The re-
training sessions were conducted over a period of 2 weeks and were held

once a day and 5 days a week. A ballot of 22, 7-point scales (Appendix 2)

\'¿as constructed and represented the sensory characteristics of wild ríce
as established by the pane1. These scales were classlfied under five

categorÍes, namely: aPPearance, aroma, taste, texture and after-taste..

The overall acceptance of a wild rice sample was based. on the evaluation

of these categories.

a-^^
J.t.¿ J Iin Des n and Techniques for Sensor Evaluation

The replicates selected for the sensory evaluations are presented

in Table 5. Tl-rere were three replicates for each curing time, each

parching system and each rice type except for paddy rice r,¡hich had only

two replicates because of the very 1ow yield of whole grain rice. Rep-

licates were randomly selected and \,{ere prepared as f ollows:

1. Four samples of 40.0 g each were weighed out for each taste

panel session.

For 40.0 g of rice, 280.0 m1 0f water r¿ere used for cooking (40¡

Each sample was washed thoroughly with clean tap \,üater before

cooking.

2.

I

bo iler

4,,^+ ^+JUÞL dL

The 280.0 m1 of water v/as measured into a corning gourmet double

and brought to a boil before the rice was added.

During cooking, the temperature of the rrater was maintainecl

tl-'a l'ni-1 -í -^ -^-i.Lrrc uu-Lt_rrrg IJUrnt.

Af ter 45 mÍnutes of cooking time ¡ lly excess \,rater was draíned6

nff 1-'-' ^ç ^i^..^^vL L u)t r¡lçdllÞ u! ÞIev9¡j
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TABLE 5. Samples Used for Sensory Evaluation of FinÍshed l¡Ií1d Ríce.
(These were comnon for both Lake and paddy rice and for
parching systems I and 2.

Curíng Length of Curing Period Ín Weeks

aoJ

5"

10"

150

JÕ

lnl[/l

IE

l^lpl

ld

Flt-

ITIE

tlln

FI3

2

2

2

2

ll 4

134
EE
3 l4l

EulZslq
El 6lZ

u

Length of Curing

lfll 34
PorinJ i- Tì^-,^LLL uoj Þ

- t;l) l!_l

ao Eìq
rdE

þ-l

EI

Pnrnhí no

EISE
EISE

Systems

IZ

tz

I Samples used in the taste panel work.
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7. A tablespoonful of cooked rÍce from each sample was placed in

a 60 ml líly cup and was served immediately to ensllre that the rice was

still warm while beins tasted.

B. One 240 m1 cup of water was provicled for each panelist for the

purpose of rinsing his/her mouth between and after samples.

For tastinlo,4 samples \^rere presented at the same tíme to each judge

for evaluation at each taste panel session. Panelists \^rere requíred to

follow directions as descríbed in Appendix 1 and evaluate each sample

according to the descriptions on the ballot (Appendíx 2).

Eight judges were used throughout the sensoïy evaluation panels

and 6 were utilízed at each session. All the panel results .¡ere anal-

yzed statistically by the randomized block design (1) and computer

analysis.

3"8 Consumer Survev

To date, wild rice processors have relied on the "sood namertof

wild rice, (as beíng a good grain with uníque flavor for special gourmer

dishes) in selling theír products. As a result, no attention has yec

been paid to consumer preferences andfor practices for wild rice. rn

view of the fact that no information and data exists no\,r on consumer

reactions to wild rice, this survey r,¿as conducted. to a) determine

how often wild rice ís used by those who purchase it, b) how the rice

ís purchased (ie shopping habits), and c) how it is cooked and served.

3.8.1 Procedure for Survey

All respondents were cirosen from the city of lJinnipeg, because it

i¿as anticipated that since Manitoba has one of the largest wíld ríce
producíng areas in North America, the people ín this province r¿oul¿ be
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more knol^lledgeable ín the use of thís grain. All respondents rüere con-

tacted by telephone and were told that this \úas a survey, (on the use

of wild rice), conducted by a graduate student from the Unj-versity of

Manitoba. Those respondents who were wí11ing to participate r^/ere asked

a series of questions to ensure that they met at least 2 of the followíng

criteria:

1. that the respondent did most of the shopping for wíld rÍce in the

household.

2. that the respondent served wild rice at least once a year, and

3. that the respondent prepared or cooked the wild rice meal him/

her-self.

A total of.7O respondents \^rere obtained this way and interviewed.

The characteristics of respondents are described in Appendix 3 and illus-

trates the distribution of participants by employment, education, &Eè

and family size.

3.8.2 Design for Consumer Survey

A 17 point questionnaire was used to determine consumer purchasing

habits for wild ríce (Appendix 4). The questionnaire was designed also

to obtain information on cooking habits, frequency of use and general

knowledge of the graÍn.

The fírst 4 questíons vTere designed to select respondents" The next

section dealt with the descriptÍon of wild rice shopping habits, namely

frequency of purchasing and crÍtería for selection; cooking methods and

source of information on cooking wild rice was also lnvestigated. The

next section dealt with preferences with respect to co1or, cleanliness,

and general knowledge of good grain wild rice. The last part of the

questionnaíre dealt with the biodemographícs of the respondents.
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3.8.3 Techniques Employed for Consumer Survey

All interviews were conducted by 1 person, over a períod of 4 weeks

(between the months of Jan. and Feb. L976). Each inteview required

annroximefelv I horrr (ie inclrldins the teleohone côn\/eïsâfion)- Allslry!v^!ur4LerJ \re r!!vru

reqnon¿cnfs rn7êrê ^L^--'- ^^-*'r ^^ ^f. finished wild riee lnrocesserì in thisrsÞpvrruLrrLo wurL Þtlvwtr ÞdltryrçÞ v! lrl¡rÞtlçu w!ru !ruu \y!vL

study) at one point in the interview. Hence it was necessary to meet

eech resoonjent in nerson- ¡s¡âljrz in t-hoir homo. in order fo ohtain theçÐ[/vlruurrL r!¡ t/e! ov!r r suusrtJ rrvrrre t

recri red i nf ormnti on - One nndriv rice and Lhree '1 ake ri ce samo'l es vlere

used for all intervier^rs. All ans\Arers given by respondents vlere noted

down by the interviewer. All the íntervíe\^r data \¡/ere analyzed by countÍng

the various descriptive characteristics of the populatíon Llnder investi-

gation. For the consumer preference study, statistical analyses consisted

^ç çi-li-c o /-1-'j Sclrrare rej¡fionshio hetween rjce fvnes ¡nfi the dimensigns9! I MUarI6 d Vrrr uYuq! uuÐ 4!!s

(io ¡¡1 ar ciqo af¡\ in arrocÊinn -^:,,Àd^A 1-" fL-*-- eLc./ rrr quesLrurr as Juogeo Dy Lne consumer.
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4. Results and Discussíon

The studies on the processing of wild rice were carried out bet\.{een

Jan. 1974 and Feb. L976. The main objectives of this research, as stated

before, were to ínvestigate the effects of curing systems on wild rice

CilaljfV hv r¡:rvi-^. 1 F^ññ^..ôtrrro ) hrrmirl ,ír., o-ã ? oÊar2so l-imavJ vorJrrró. r. Lsrtrye!4Lurçt L. rruurruaLy, dIIu J.5LUL*Ò_

The effects of parching systems on wild rice quality were also investigated.

The quality of the finíshed product \,vas then evaluated by yield analysis,

color analysis, sensory evaluation and consumer preference tests. It

was also possible to compare the effects of the varíous processíng systems

on the qualÍty of the rice from different locations (lakes and paddy).

4.1 Observations of the Curíng Systems

During the curing process, various changes occurred in the wild rice

which were observed visually and were detected by instrumental analysis.

At the much cooler temperatures utilized in sysLems A and B, curing

\das a success. The physical appearance and odor were acceptable to the

end of seven \,/eeks curj-ng although color changes were slow and mínimal

jn al I rjce fvnes. Gerrnination waS observed in both lake and oaddv r,rjlrlqrrs ycuuJ wrfu

rice at the end of 7 weeks curing period. This phenomenon indÍcated that

both the lake and paddy rice vrere still physiologically active at the

lnfor qfqoac nf curr_ng.

tr^Iild rice cured by system C showed rapid color and odor changes.

Physical deterioration apparently rvas accelerated by the high temperature

environment (system C). Rice cured by system D showed no physical deter-

ioration at the end of the curing period. There \üas no detectable odor

at the end of the curing period, vrhereas a strong objectíonable odor was

evÍdenL withín three days of curíng by system C.
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I^Iild rice cured by systems E and F also showed no detectable un-

pleasant odor throughout storage. The physical appearance and color

rüere âcceofahle throrrøhorrf ihp nrrrino nar-in,l Ì,tn onyn,,+i^^ -.^^H LaurL usrrr!ö 1.ertvu. r\v oyluuLlrró wa¡ Ob_

served but molds rÀ/ere seen to be growing in all samples. Hence, curing

was terminated, when they were detected, for both paddy and lake rice

at the end of 4 r.¡eeks curins.

The development of acceptable color in all rice types was as follows:

shallow Lake, Eileen Lake, Harrop Lake, crowduck Lake, Lac 1a Ronge and

Paddy ríce, in descending order. Rice lots from shallow Lake. Eileen

Lake, Harrop Lake and Crowduck Lake appeared to be well matured. and had

nearly dark-brown color prior to curing; wirereas the Lac 1a Ronge and

Paddy rice appeared very green ÍníLia1ly.

Factors which caused the termination of a curing study for all rice

types \nlere noted as follows: soft milky kernels (ie physical deterioratíon

of kernels), color fading, sprouting or germination and reduced volume (yield)

of rÍce. These factors were evident at the end of 9 weeks and 7 weeks of

curing by systems A and B respectively. slímy texture, dirty appearance

and strong svlampy odor were the undeslrable factors that caused termination

of curing by System C. Mold growth in the rice pile was the d.eterminíng factor

for termínating curing by systems D, E and F. Reduced volume (yield) although

insignificant \^7as noted in all- rice types tor¡rards the end of al1 curing

periods (except l-ake rice cured by systerns E and F).

4.1.1 Rice Bed Temperature

The bed temñêrrtrrra nf tho ¡iss cured by systems A and B showed very

little fluctuation from the control temperatures throughout the entire

curíng period (Figs. 6-10). The temperature rose to 14oc for lake rice

(Figs- 6, B, 10) and 16oc for Paddy rice (Figs. 7 and 9) in rhe firsr
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¡ I\rUK.U O. Rice Bed Temperacure of Lake Wild
and 952 Relative Humidity (Lac La
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FIGURE B.
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FTGURE 9. Rice Bed Temperature of paddy wird Rice cured at 5oc
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FrGUR-E 10. Rice Bed TemperaEure of Lake tr{ild Ri_ce cured at 3.c
and 95"/" Relative Hunridiry (Harrop Lake).
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five days and then fell to the control temperatures and remained fairly

constant (around 3'-5'C) throughout the curing perioci.

llhen systems C and D were used a higher bed temperature was recorded

for both Lake and Paddy wí1d ríce (Fígs. 11-15). under sysrem c, bed

temperature ranged from 17oc to 45"c for Lake rice (Fig. Lz) and. 19"c

to 50oc for Paddy ríce (Fig. 13). For system D, the temperature ranged

from l4"c to 19oc for Lake rice (Fíg. 11) and LToc to Zo"c f.or padciy rice

(Fie. ls).

The bed temperature of rice cured by systems E and F (Fig. f6-19)

shor¿ed no significant fluctuation from the control temperature cluring

curing, although a slight increase in bed temperature r¡ias observed cluring

the last in'eek of curing. The temperature ranged from 9" to l3oC for Lake

rice (Figs. 16 and 17) and 9oc ro 15oc for Paddy rice (Figs. 18 and 19).

It appeared that the mature fraction for both Lake and Paddv ríce main-

tained a slightly higher bed temperature than ûhe mixed and immature

fractions (Fig. 16, L7,18, 19).

4.I.2 Effects of Relative Humidíry

The relatíve humiditíes evaluated in this study were 95il (Chung L975),

757. and 552, while the temperature r^ras kept constant at lO'C. Changes in

bed temperature when rice was held at 10oC and 957! reLative humidity

(chung 1975) appeared similar to those observed ín rice cured at 5"c

and 95% relative humidity (System B) for al1 rice types. tr'lhile under 957"

relative humidity, undesirable factors such as slímy texture, dirty appear-

ânCe. sof f mi lkv l.^*-^1 ^ À^^-^ ^qod rzol rrmo l,rzi ol.l\ on.l c,.,---., ^lsrrLç, Þvr L rollNy ñËf llerb, urjUl.ed__* \J *_*(],, anG S\^/Ampy OOOf VIeIg

detected in the lasL stages of storage; none of these factors v¡ere observed

when 75'i( and 55% relative humídity were utilízed. As mentioned before.

termination of curing at the lower humidity levels was caused by the
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F]GURE 12. Rice Bed Temperature of Lakè Rice Cured at 3BoC
and 95,% Relative Humidity (Shallow Lake).
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FIGURE 14. Rice Bed Temperature of Lake Rice
ar.d 95% Relacive Humidity (Lac La

Cured at 15'C
Ronge) .

o

hJ
É.

=
E
l¿J
o_
E
l¿lF
o
tlJ
m
l!
O
æ.

to

DAYS

20

OF CURING

to 20

DAYS OF CURING

FIGURE 15. Rice Bed Temperature of Paddy l^Iild Ríce Cured at 15"C
and 95"/. RelaEive HumiditY.

,r,ø.ø'qø- e.*,r4r,e**ø'o* *'q**.*-*rn* *t*

o



46

FIGURE 16: Rice Bed
ar.d 7 5%

Temoerature of Lake RÍce Cured at 10oC
Relative lluruidity (Crowduck Lake).
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FIGURE 18: Ríce
and

Bed Teunperature of Paddy Wild
752 Relative Humídity.
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detection of mold growth ín the rice piles. Also very high moisture content

rvas observed ín rice types cured by 95% humidíty. 0n the other hand, mois-

ture contenL of rice remained fairly constant ín Lake rice when 757" and

((o/ --^-^ "^^r /-ables 6 & 7). The moisture contênr nf Prddr¡ ríeg g¿¡gdJJ/o weL s uÞcu \IdUIgÞ V g I ). lllg lllu!ÐLUf C UUIILsr¡L v! rouuJ !!u

by 75% and 557" humidity decreased by approximately 6i!, as curing progressed.

The moisture content of Crowduck Lake rice cured at, 551l remained less than

407" (33.67,) throughout storage and as such caused "white centers" in this

batch of rice. The factors causins r,¡hite centers i¿ill be discussed later.

I^lild rice must be well handled duríng curing to give a good quality

finíshed product. Rice bed temperature \,üas an important indication of

good control duríng the curÍng period. The prímary factors that contríb-

rrf orl fn nl.¡-n-- in hed femDerâfrrre inClUded: 1. tvne of riac- je I ^r-^uLsu Lv elr.lrrBgu Ir! ueu uLurç ffluluusu. I. LJPL vr !ruLt rs LaNst

Þo.l¿lr'. ? cnan-i f r'n cannÈ\7ñô ^ F ri ¡a rl-nt,'¡i t.- nf ri ¡a 1¿orna-lraquy; L. sPec_rrrc genoLyPe oi_ rrce, maLurrLy -r sLze;

I ^''-i -^ ^'^--i -^nment : method of handlinE durine crrri np - i e f rtr- i -^ ^- IJ. LUf fIIó ellV!l- llllsllL. rlreLIlUU U- ----------o ------ö- Lu!r¡16t rç Lu!rIaIlË dlIU

watering. Some of these factors lrere not controlled ín some of the studíes

are not controlled by commercial processors and T/ùere therefore accepted

as part of the experimerital error.

The curing environment appeared to pLay a major role in developing the

temperature in the curing bed of ríce. ft vras apparent tilat tl-re lower the

temperature of the curing environment, the easier it \^ras to control the

temperature of the rice bed (Fígs. 6-L9). Typical changes observed ín

rice bed temperature, odor and color r/r'ere comnon for all Lake rice types

^:-^^n+ r -^ 'r ^ D^nge rice. This ríce tosethel trvíÈ1- D- ÃÀ.- --.i 1.Ã -: ce showeds^çEPL loL Io IWIIóç !ILe. IIIIÞ !rue Lv6eL Lll IdUUy WIaU !It

virtually no color improvement throughout the testing program.

In general, Paddy rice had a higher bed temperature than Lake rice

in all the curing studies (Fígs.6-L9). This might have been due to the

fact Lhat Paddy rice was smaller with less air spaces between the grains,

thus resulting in more heat accumulation in the ríce pile. fn addition,
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TABLE 6. Increase in Moisture Content of tr^Iild Rice Cured at lO'C
and 75% RH.

Z Moisture Content Before Parching

I^/eeks of Curing

Ri na Tr¡na

P¡¡lrir¡

Crowduck

66 .3 61. 5 59 .L 60. 1

38.6 4L.r 4L.2 4L.s

TABLE 7. Increase in Moisture Content of l¡lild Rice Cured at lO'C
and 55% RH.

% Ifoisture Content Before Parchíng

inleeks of Curing

Rice Type

r 4uuy

Cror+duck

66.3 60.3 60.1 60.4

38.6 3B.B 38.7 3B.B
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É^ôñi?.ri^ñ -ôfa'\/itv mâv aônfrjhrrl-c fn fhp hisfipr fn-,r^,õrrr?^õ ^1-^^-,,^J!EÞyrf4LrvIl 4LLrvfLJ rrral LvrrL!!uuue Lv L LglllPgfdLufcÞ uL.rue:fve:Lr

ín curing Paddy rice as compared to curing Lake rice. The Lake rice rvas

already dark brown and \.{ell matured at time of receiving, whereas the

Paddy rice \^ras immature and very green.

(1:1,ã pâ,1/.lv rina\ -1+1-^,,^l- +l-^ l.^--^l ^ -^^^^-^Å -,,^L 1-rô^e .ñ,1 Innoer\f rNç r @uuJ ! ruçrf 4aLrrvuórr Lrrs NE!rrçrÞ éypgd!cu lltuull Idf Ëcr dllu __,-Ò_-

in size. There \^/ere no sígníficant differences Ín bed temperature among

the various Lake rice tvpes.

In summary, rice \'üas easier to handle when cured at 1ow temperatures

^*r "+-i 1-'--:'.^ "^latíve humíditíes of. 75% and above lep cirrine qv^F^-^ 
^a!¡u ULrII¿LLLó L cI@LIvç !IulllIu!LIcÞ UI I J/o 4LLg dUUvç \uó uu!rrró oJSLCltlù' Át

B, D and E).

4.2 ParchÍng Study

Parching (drying) in wild rice processing is a major decÍding factor

wi th resard Lo the nrre'l í f v of f he f inishod nrodrr^- D^-^Li-^ ^s wild_rrs yuarrLJ vr Llls !r!¡rùrlçu ptvuuLL. L 4L çIMIð u!

rÍce serves several purposes: f. it conditions the ríce for hulling;

2. ít reduces the moisture content of ríce for quality stability during

storage; 3. it produces an acceptable toasted flavor and 4. it gelatinizes

the starch in the kernels. There are numerous methods of parching which

will accomplish these purposes, but they are not all equally desirable

since the parchíng process may adversely affect the quality of the finíshed

rice.

4.2.I Effects of Moisture Content on Parchine

The ínitial moisture content of wild rice is a contributins factor

Lo the quality of the fínal product. Extensíve investigations by the

University of l^Iisconsin have shown that ilwhibe centers'r, an undesirable

defect in fÍnished wí1d rice, occur in wíld rice when the moisture content

of rice prior to parching is less than 40% (Table 8). (-White centers
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TABLE 8.

InitÍa1
Moisture
Content

"Á wb.

;i-Relat ionship B etween
of Parched i^/i1d Rice

Initial Moisture Content and proportion
Kernels I'lith i^lhite Centers.

Percpnl-¡oo nf

I{hite Centers
i^/hoIe iüild Rice l(ernels l^lith
[,Ihen Dried at 1?1"C

"/"

q

25

30

3s

?kÂdqnra¿l f -^- rIn-*,-í -ê -'.-I-¡\4\¡r uev r I v¡:r ur J !!1Ë 4!ru

^€ T,T'i^^^--;'. rr.v! errõLUrlorrr, nâf Ch 1975.

4I

2B

3

2

Iiulling Characteristics
Vo1. 20, l{o. 3.

of L{ild Rice", Universíty

TABLE 9. Relationship Between
Parched Ríce Kernels

Inítial l{oisture Content
With White Centers.

and Proportion of

Ríce
Type

S torage
Time

Curing
Temperature "C

CurÍng
Relative

Humidity (t)
Initial Moisture

Content (Z)

% I(ernels of
Rice tr^Iith

I,,Ihite Centers
trr7hen Dried
aL 107oCeks

Crowduck L.
(197s)

Paddy (L975)

Paddy (I974)

Shallow L.
(r97 4)

Eileen L.
(L97 4)

0

4

4

0

4

4

0

4

0

4

0

4

I 
^o

l no

:
aO
J

75

55

75

55

95

oq

95

100

10"

38. 6

4L.5

38. B

66 .3

60"1

60 .4

63.4

68 .9

48 .2

54.r

45.9

48.2

I7

0

T4

0

0

0

0

0

0

0

0

0

ôoJ

^oJ
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indicate the presence of ungelatinized starch granules, and both the

temperature and moisture are necessary for gelatinizing the starch).
n"- -^^,,1+^vu! !çùurLb rndicate the lower the moisture content of rice before

parching the hígher the percentage of rice kernels ürith \,,/híte centers

The data obtained in this study (Appendices 5-B) indicared thar

hí oh__-o^_

(Table

the

gt

moisture content of riee prior to parching ranged from 38-597! for Lake

rice and 55-702 for Paddy ríce. Inlhen curing system A was used, the ini-

tial moisture content of ríce before parching ranged from 45% at the

beginníng of curing to 597. at the end of 9 weeks curíng for Lake rice.

During the same period afld under the same curing conditions the moísture

content ranged from 637" at start to 707" at the end of storage of Paddy

11ce. Thus all rice types showed signíficant increases Ín moisture content

at the end of curing by system A. For instance, increase in moisture

COntent rìrrri nS q+^-^ô^^ ..-^ 1 /.a/ ç^t t-Inrrnn r -1,^ r: ^õ 11../ ç^- r .^ l r Rnnoauurr!¡ó oLUr@óc w4Þ f,rlo !ur lrdrrup LéNç !ILc, LJ/o LvL Ldu _*

rice, 67" f.or Shallow Lake, 2"/" for Eileen Lake, and 77" for Paddy rice

(AppendÍces 4-8). It must be noted that Shallow Lake and Eileen Lake

rice were held for only 4 weeks under curing system A. Hence, the 1ow

percent gaín of moisture in rj-ce before parchÍng.

For curing system B, the increase ín moisture content of rice prior

to parching \^ras 87" for Sl"rallow Lake rice (48% to 56%) and 7% for Paddy

rice (63% to 707") at the end of storage (Appendix 5). There was little

difference Ín moisture uptake by all rice types when curecl by system A

as compared to system B.

As a result of the very

of the rice cured by systems

kernels with whíte centers.

íncreased in moisture content

were detected after parching.

high noisture content before parching, rione

^ ^-r Ð "^-^ ^^^n to have containe.d anvn altu D wsLs ðcsll LU lldVg LU!1L4frruu orrJ

r^r-^ ^-Å D^:r'- -íce cured under Svstem C!4Ns 4!IU r dUU) ! ILE LU! eU U!lUç! uJ r Lerrl v

also, thus no kernels with white centers
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Símilar observatÍons \À/ere made in rice cured by System D (Appendix 7 & B)

rn system E, it was found that the moisture content of paddy rice
decreased as curíng progressed, (66"/" at start to 6oy. at end of storage)

(Appendix 6 & 7). Thís was not the case wíth the crowduck Lake rice in
which a slight increase ín moisture coritent \^ras observed (Appendix 6) .

(38-6"/" at start to 42% at end of storage). As a result of the very lor,r

moisture content of the Lake rice before curing started, whlte cenEers

were also detected ín rice parched at this point (Table 9). I^lhite centers

\'üere no longer detected in this rice after I week of curíng wl-ren the mois-

ture content rose to 4I% (Appendix 6). hihite centers were also detected

in l-ake rice cured by System F (íe t1-re rice had less than 40% moisture

content (Appendix 7) (Table 9). However, the Lake rice failed to gain

any extra moisture and kernels with white centers were found in all parched

ríce throughout the curing period. The Paddy rice did lose moisture but the

initial moisture content r¿as much higher (60%). Hence, no occurrence of

r¿hite centers was detected at anv time.

In general, Paddy rice had a hígher initial moisture content in
o'l 1drr uurr-rlg sysEems than the Lake rice types and no white centers \^/ere

detected ín Paddy ríce. Among the Lake rice types the level of increase

in moÍsture content \.,/ere Harrop Lake, Lac la Ronge, shallow Lake, Eifeen

Lake and Crowduck Lake in descendÍng order.

The low initial moisture content of the Lake ríce cured by Systern

F' could be attributed to the low humidity environment level (55%). Rice

cured under higher humidity levels (75î( to 957") did not show anv kernels

with white centers after equilibration.

The l¡lisconsin study also indicated that white centers were quite

evídent when rice wíth low moísture content (4+oz) was parched, at tem-

peratures below the gelatinization temperature of wí1d rice (60.C to 65oC).
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This phenomenon \nlas not evident in any of the rice parched by Systems

I and 3 in this study. Thís was because the initial molsture content of

rice before parching \^Ias well over 407. in all rj-ce types. (Crowduck Lake

rice which showed white centers was cured by system F and parched by

System 6). Consequently, an initial moisture content of not less than

40% and parching temperature of more than 65oC are essential in order to

prevent white centers. Furthermore, âû inítial moisture content of less

than 30% in the rice was found to Índuce excessive mold growth, thereby

producÍng an undesÍrable moldy flavor in the finíshecl rice (4, 15, zz).

Chung reported in L975 that the moisture content of the oarched

rice, if maintained above IL% resulted in dÍfficulties Ín hulling; and

that rice with fínal moisture content below 7% was fragile an<l suscepti-

ble to breakage during hul1ing. Consequently all parching was tÍmed such

that the finÍshed product would contain a moisture level of. 7-rr"/".

The parching studies undertaken here (data presented. in Figs. 20-26)

indicated thal the lower the parchíng temperature, the longer it took to

reduce the moisture conLent to the required 1evel of. 7-LL%. Also the hisher

the inítial moísture content, the longer it took to reduce it to 7-II%.

For instance, at a parching temperature of 65'c (system 3) it required.

70 minutes to reach the moísture range of 7-177. (Fig. 20). r/hereas, ac

I49"C only 15 mínutes were needed to reach the same moisture level (Fig. 26).

In general, Paddy rice requíred longer parchíng times than lake ríce

sínce Paddy rice generally had a higher initial moisture content in a1l

curing systems. trdhen parchÍng Systems 3 to 9 were used, Eileen Lake rice

tended to dry faster than Shall-ow Lake rice due to the differences in

initial moisture content (Figs. 20-26).
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FIGURE 20. nFÌ,r'-ô Dar^ ^tULJLLL6 t\4LE V!
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FTGURE 22. Drying Rate of
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FIGURE 24. Drying Rate of Lake Wild Rice
1)1oC. - Pernhi¡s fppnar-Êrirô!¿! v teuPçL4LUtç.
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FIGURE 26. Drying Rate of Lake i^Iild Rice
149oC - Parching Ternperature.
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4.2.2 Effects of Parching and Curing Systems on
Percent Total RÍce yield.

when the conditions under which wild rice is cured and parched are

well controlled, these variables appear to have líttle ínfluence on

total rice yÍeld (Tab1e 10, 11 and Figs. 27-44). For example, paddy

r'¡ild rice yield averaged L5-20"/" on Ì,let basÍs for 4 curÍng anð. 2 parching

systems while the Lake ríce yíeld average ranged very slightly for Lac

la Ronge, Shallow Lake (with one exceptíon) ancl Eileen Lake rice rypes.

0n the other hand, Harrop Lake wild rice yield ranged from 40 to 50%

which suggests that this source of rice will have a curing-parching

system interaction. Thís interaction is not fully understood at this
time' It is of interest to note that the mature fraction of Crowduck

Lake r¿ild rice averageð. 50"/., Lhe mixed fraction averaged 451^ anð. the

immature fraction averaged 12% (Table I2). Also the mature fraction of
Paddy wild rice averaged 302, the mixed fraction averaged 20% anð, the

immature fraction averaged 12 (Figs . 43, 44). These support the obser-

vation that \^/ell controlled curing and parching systems wíll not affect

percent total yie1d, or that optimum yield will be obtaíned when these

systems are utilized.

4.2.3 The Effect of Storage Tíme (curing) and parching
Systems on Percent Total Rice yie1d.

Maximum yíeld of wild rice (percent) was obtained shortlv after

curing started for all curÍng systems and then gradually decreasecl

throughout storage (Figs. 27-44). Thís \,,ras true for all rice types

with the exception of crowduck Lake rice (Frg. 4L,42) which remaíned

constant throughout that particular study. If the basis for determiníne

the opLimum curing time was on yield alone, then short curing periods

would be selected. However, other qualÍty factors, such as color and
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TABLE 10. Relarionship
of Wild Rice

Between Final Moisture
(Eíleen Lake).

Content and Yield

Parching Init Ía1
MN

Final
M1.Temp.

Eileen Lake (3'C Curíng)

10. B

79.

Q1

1a

'7 '.)

1. ')

% Yie]-d

47 .0

47 .5

47 .0

45 .0

4L.5

39. 0

39.0

52 .0

48. 0

46 .0

44 ,0

4L,5

39, 0

37.0

% tr^Ihole
Grain

o'l q.

öJ.¿

QO /,

Rq?

82.L

Qt 1

qa <

ql l

01 1

9s .4

75.L

71 a

65

1A

93

r07

I2L

135

1/,O

46

46

47

4B

4B

4B

4B

Eí1een Lake (15oC Curing)

65

79

93

L07

L2T

r35

L49

49

/,o

4B

4B

48

4B

47

10. 9

q5

.eo

7.8

7<

7.7

q?
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TABLE 11. Relationship Between Final Moisture Content and Head Yield
of i^lild Rice (Shallow Lake).

P: rnhi no Final
Mr-

Z YíeLdInitial
MN

Z l^Ihole
GrainTemp.

Shallow Lake (3'C Curing)

Shallow Lake (15'C Curing)

65

79

93

707

L2L

r35

r49

4B

48

JJ

53

54

53

55

Rq

o1

7.3

Q')

qo

?q

1n q

Qq

QO

-7!.

1\

7.7

40. 0

39. 0

39. 5

36.5

40. 0

36.0

41. 0

40. 0

?7 q

36. 0

38. 0

36. 0

34.0

82.5

74.3

82.4

93 .2

q? 5

88. 9

85. 7

86 .6

81.3

84. 0

94.4

89. s

86. I

BB.2

65

79

JJ

r07

I2I

135

L49

50

56

56

53

53

5l

51
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FIGURE 27. Percent yield of Wild Rice Cured
and 95"/" Relarive Humidiry.
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FIGURE 33.
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FÌGURN 37.
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F'TCTÍPF ? A Effects of Parching Temperature on Wild
at 3"C and 95'Á ReÌative Hr:midiry.
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FIGURE 41. Percenr
and 7 57"

Yield of Crowduck Lake Ri.ce Cured ac l0.CRelative Humiditv.
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FIGURE 43. Percent Yietd of
and 75i( RelarÍve

Paddy Wild Rice Cured ar 10"C
Hunidity.
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TABLE 12 Comparison of Average Total y
Cured and Parched l¡Iild Rice.

ield (percenr by weight) of

'1 Yi ø1 ,1 (l-, -,^.i ^L+ r\ uJ wçrärrL,,,

Parching Systems
a^¿ 3 to 9

Rice Type

Lac la Ronge

Harrop Lake

Paddy Rice

Shallow Lake

Eileen Lake

Crowduck Lake
(a) Mature
(b) Míxed
(") Immature

Paddy Rice
(a) Mature
(b) Mixed
(c) Immature

A

rì

A

D

vu! ¡rró

Svs tem

A

B

C

D

A

l]

C

D

50

50

40

50

4B

4B

20

15

20

20

45

45

18

15

20

18

3838

35

4B

A

D

JÕ

45

45

F.I'
ll

1l

ll

'tì.F
tl

tl

lr

50
45
L¿

30
20
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flavor also are involved in this decision making process.

The parchíng temperature rvas found to have a signifícant effe:ct on

total yield (Fig. 39,40). The percent yield of rice was found to decrease

as the parching temperature \¡/as íncreased. The selecf ion of the optimurn

temperature for parching is based, however, on other factors such as

kernel fragílity, color and flavor besídes total yie1d. These païa-

maters will be discussed later.

4.2.4 Tire Interactíon Between the Wild Rice Type
and the Curing and Parching Systems on Percent

Toral Yield.

As pointed out in Section 4.2.2 tlne yíeld of Harrop Lake wild ríce

Iras affected by the curing and parching system that was used, In additÍon,

the average percent total yield of each ríce type (Figs. 27-44) was sig-

nificantly different. All lake rice types consistently outyielded Paddy

rice (Table 12). Among the Lake rice, Lac la Ronge and Crowduck Lake ríce

had the highest yíelds (507,) for the curing and parchíng sysrems under

t¿hich they were tested. Harrop Lake rice yielded abott 482, Eileen Lake

rice abouL 46"/" and Shallow Lake rice about 357". 0n the other hand. Paddv

wíld ríce yíelded approximately L5-207".

The low yield in Paddy ríce could be attributed to its gross immatur-

ity at harvest and its inability to "finish" ripening in storage. ThÍs

may also be due to the physÍologically poor state of the Paddy rice variety

used in thís study, Perhaps a higher yield of rÍce would be obtained íf

the Paddy variety had been well developed (ie matured enough in the paddy)

in order to produce kernels that would mature and develop acceptal¡le char-

acteristics in storage. The difference Ín yield among Lake rice types

could be associated with the different source and hence. different envír-

onmental- ínfluences, as well as variation in rice genotypes. No comment



73

can be made on these varíab1es since they were not controlled durÍng these

studÍes.

Prolonged curing at very row temperatures (ie systems A and B, Figs.
27r 28,29,31) appeared to cause slight losses in percent total yierd

for all rice types towards the end of storage (Íe after 6 weeks). This

r¿ou1d not be a significant factor since the optimum curing time comes before

the yÍelds start to decrease (3-5 weeks).

4.2.5 Evaluatlon of Percent Inlhole Grain
(kernel) Yield of WÍld Rice.

In grading, in this study, all rice grains 1.0 cm

ered whole kernels and any grain measuring less than l.
ered broken. Percent (by weight) yíe1d of whole grain

Figs. 30, 32, 34, 36, and 45 to 54 inclusive.

or longer were consid-

0 cm long vras consid-

rice are presented in

The curing system affected the yield of v¡hole grain rice for certain
rice types (Harrop, Paddy and Shallow) but did not for others (Lac la Ronge

and Eileen), (Table l3a, Figs. 45-54), rn general 1ow temperature curing

appears to produce less fragíIe kernels (the rice samples have a higher

percent of whole kernels) than do high temperature curing processes. For

example, the average percent yield of whole grain of Shallow Lake rice cured

at 5oc was 85-B9z and at 38oc was 68-72"Á. on the other hand, the storage

time appeared to have no signifícant effect on percent yield of whole grain.
Percent yield of r^¡hole kernels appeared to be affected by the parching

temperature. The highest Percent yíeld was attained by usíng 107.c (Fig. 49,

50). Shallow and Eileen Lake rice yíelded 93 and 95i( respecrively at rhis
temperature. These dropped to 827" (shallow Lake) anð. go% (Eileen Lake) ar

65oc, whíle at !49oc, rhe yields r^rere B5z (shallow Lake) and, BZ% (Eileen

Lake).
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Table 13a

r\ruç fyPs Cr¡rino

Comparison of Average Percent
tr^Ihole Grain Yield of Cured and

(by weight)
Parched i^Iild Rice.

% Yield (by weight)
Sys tem

A

ñ

D

A

C

D

D

D

n

Parchin Svstems

3to9
Lac la Ronge

Harrop Lake

Pqdãrz Ri no

Shallow Lake

EÍleen Lake

90

97

90

84

85

60

66

73

92

90

90

B2

B5

5B

69

70

B5

B5

68

89

72

B7

B7

B4
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FIGURI 45: Percenc
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Yield of l^iild Rice
Rel-ative Humidity.

Cured at 3oC
(High Temperarure parching)

z.
a
E
(9

t¡J
Jo
:E

=
I!

ñ

ffi... Lo Ronse ! ,o,.rop Lob ffi 
poddy Rice

345(
WEEKS OF CURING

z
æ.
(9

td
Jo
=Þ

;
trJ

F
ðe

r ruu.t(L 4b. yercent
and 957.

WEEKS OF

Yield of l.lild Rice
Relative Humidiry.

CUR ING

Cured aË 3"C
(Lorv Temperature parching)



76

t-r r(Jut(r + / Percent Yield of
and 957" Relative

cured at I)-Li
Itl'í oh Tcmnar:l- rrro P:rr.hi nøl
\.!¡rÞ¡¡Èerv.¡+--ol

Wild Rice

z
æ.
(9

LdJo

ã
Õ
J
kJ

ñ

z
æ.
(D

tùJJo
:tr
5

aJ
Lrl
>
ñ

t?34
WEEKS OF CURING

t234
WEEKS OF CURING

Percent Yíeld of l^Iild Rice Cured at 15'C
and 957" Relative liurnidity. (Lor^¡ Temperature Parching)

ffi 
,ooo, ,,..

FIGURE 48.



77
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FIGURX 51. Percent
^á, / \"/él1g I J /õ

Yield of Crowduck Lake Ríce Cured at IO"C
Relative HumÍdity.
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FIGURE 53. Percent
and 752

Yíeld of Paddy l^lild Rice Cured at lOoc
Relative Hunidity.
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The Crorvduck Lake and Paddy wíld rice separated into mature and. ímmature

fractions and cured under 55 and 75"/" reLative humidity had a higher content

of broken kernels lmixed freefi^n) than did the other rice types (Table 13b).

These were harvested ín L975 and the other types had been harvested ín L974.

The hrlmidi fw nf f hp nrrrino ¡lrcml,ay ,1i,1 ñ^+ ñññ^^rrru rru'lrqt LJ u! LrrE Lur rrrB cllaluucr Lr-Lu Lru L appear to af f ect kernel f ragility

(curing systems E versus F). The mature fraction (Crowduck and paddy) yielded

more whole grains than either the míxed or immature fraction.
Tn qrrmmcr-' it can be said that v/e11 cont¡61 1 ori nrrri no orzcÈrrr uur¡urrarJ t rL (:dlr De SaIo tnaE V/eI1 COnCIO*,- LLL6 ÐJ ouêIIIS dO nOt

affect the yield of whole grain wild rice. However, intermediate parchÍng

temperatures vüere found to produce optimum yields of whole grain wild rÍce.

4.2-6 The Effects of parching on other QualÍty Factors

Wíld rice parched by systems 2, B and 9 showed. hollow centers and/or

popping in the kernels (Appendix 9) . These undesirable f actors l,/ere caused.

as a result of the rapid impact of high temperature to the kernels. Thereby

resulting in the center portion of the kernels shrinking rapidly and becoming

hollow; or in causing the kernels to become more fragile and hence, results in
reduced yÍeld. Such high temperatuïes also caused a burnt or scorched flavor
Ín the dried product. "InIhíte centersr', also consÍdered. as an undesj-rable

factor in finíshed rice, \.üas observed in Crowduck Lake rice. Thís defect,

however, is known to be related to the moísture content of the rice before

parching rather than an effect of parching temperature (as noted in Section

4.2.r) 
"

In summary, there appears to be no interaction between the curins en-

víronment and the parching temperature on finished rice quality. But there is
an interaction between the storage tíme and parchíng temperature on these

criteria. Extremely high parching temperatures are undesirable in processing

wild rice sínce Ëhey reduce yield and cause excessive popping and burnt flavor
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Table 13b. Comparison
I^Ihole Grain

of Average Percent
Yleld of Cured and

(by weight)
Parched l^Iild Rice.

% Yíel.d (by weight)
Parching Sysrems

Ri ¡a Trzno-J Y' Curíng
System

Crowduck Lake

(i) Mature

(ii) Mixed

(iií) Immature

Paddy Ríce

(i) Mature

(ii) Mixed

/..,\
\ 1r-4, rmmaEure

E&F
rl

E&F
tl

ll

tl

67

59

<1.0

75

69

59

B1

70

62

66

6L
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ín the finished product. I,Iild rice of different genotypes is affected to

varying degrees by curing systems and times and by parching temperatures.

In general Lake rice kernels were larger and longer than Paddy rice

grains. Among the Lake rice types, Lac Ia Ronge rice had the longest whole

(íntact) kernels (average length, 2.5 cm). Thís was followed by Crowduck

Lake (2.2 cm), Sirallow Lake (2.0 cm), Harrop Lake (1.5 cm), Eileen Lake

(1.5 cm) and Paddy ríce, (1.0 cm).

4.3 Color Evaluation of L{ild Rice

The quality of wild rÍce is so closely related to its color that the

"art" of developing the acceptable color has become a guarded secret in the

industry. Hence, wild rice color is considered a crítical factor in the

acceptabílity of the finished product.

The color of finished ríce obtained in this study, trüas measured by the

HunLer Lab Color Difference Meter Model D25. The âE values r¡/ere calculated

and are graphically presented i-n Figures 55 to 68.

4.3.I Effects of Curing Systems on l^Iild Ríce Color

Data obtaíned for rice cured by System A indícated that color changes

rüere very slow and mínimal in all rice types. For example, with Lac la Ronge

ri no ^^'l ^- l^-,^1 ^ññôñÊ ¡1i 11 nar -^-^L ¡l-,^ .^^^^r¡k1 n 1 ^.,^ 1 nÍr or ^-i ^1-+ ,,^^l-^!fver Lv!uf, uËvsruPlrrclrL uru rruL Lsdull Ltlg duucPLdurc fcvcr d!Lcf ËrérrL wceñS

storage (Fig. 55). i^lith Paddy rice, acceptable color was produced by high

temperature parching after 3 weeks curÍng and lasted only for a perÍod of

2 r¡eel<s: nf ter whích the color faded to below aceentahl e I evel c /r'"'^ (Á'\
r 4! Le! sLuLy \r 16. Jv,t .

Harrop Lake rice treated similarly, also had acceptable color after 3 weeks

storage, and no decline ín color intensity r,,üas observed at the end of the 9

weeks curing period (Fig. 57).
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FIGURE 57. The Col-or Changes of Harrop Lake Rice Cured at 3oC
and 957, Relarive Humidiry.
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FTGURE 6L, The Color Changes of Shallot¡ Lake Rice Cured
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FIGURE 63. The Color Changes of Lac La Ronge Rice Cured
arrd 95"/" Rel-aLive Hurnidity.
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FIGURE 65. The trffocÈc nF
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FfGURE 67. The Color Changes of Crowduck Lake Rice Cured at l0'C.

74

73

r--@-* 55 7" Relotive Humidity
X---rX 757" Relative Humidity

=-@-

72

7lAr

70

69

6B
4567
WEEKS OF CURING

Ar

74

73

72

TI

70

69

68 34
WE EKS

of Paddy Wild

5678
OF CURING

Ri-ce Cured at l0oC.FIGURE 68. The Color Chanses



90

For Shallor¿ Lake rice cured by System B, acceptable color was developed.

after 2 weeks storage and began to fade after 6 weeks of curing (Fig. 59).

The development of acceptable color in Paddy I,IÍ1d rice cured by this

system (B) was evident after 4 weeks storage when high temperature parching

was used. The color then began fading after 5 weeks of curing (Fig. 60).

Inlhen utilízíng curing System C, Shallow Lake rice developed acceptable

color r¡ithín 1 day of storage and remained acceptable to the end of the

curing period. The Paddy rice cured by this system failed to develop any

acceptable color throughout the entire curíng period.

l'lhen curing System D was utilized, Harrop Lake rice appeared to have

had acceptable color príor to and throughout the curing period (FÍg. 5g).

The color of Lac la Ronge rice reached acceptable level in 2 weeks (with

high temperature parchíng) and faded to below acceptability level in week 3

of curing (Fig 63). 0n the other hand, Paddy rice color \das acceptable after

1 week storage and for 2 weeks (with hígh temperatuïe parching) then the color

faded to below the acceptable level towards the end. of the curing period

(Fie. 64).

For Eileen Lake and Shallow Lake rice cured by Systems A and D, (Figs. 65,

66), acceptable color was developed in all samples. However, this color faded

when extremely high parching ternperature was used.

Under curÍng Systems E and F, the color of Crowduck Lake rice was accept-

able throughout both curing systems (with the exceptíon of rice cured for 4

weeks by System F) (Fig. 67). These samples v/ere parched at LO7"C. paddy

rice color \^las acceptable duríng week 1 and 4 of curing and unacceptable

between 2 arrd 3 weeks of storage (Fig. 68).
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4.3.2 Effects of Parching Systems on Color

For all rice types cured by Systems A and B, the color of rice appeared

to have been improved when parchÍng System 2 was used, as opposed to parchíng

System I (Figs. 55, 56, 51).

Rice cured by Systems C and D showed similar trends (behaviour) in color

improvements under parching Systems I and 2, for all rice types.

The color of rice parched by Systems 3 to 9 were acceptable (ie above

a @E value of 72) in all samples for Shallow Lake. However, Eileen Lake

rice color rüas not acceptable when systems 8 and 9 were utilized.

The wild rice cured by Systems E and F vrere parched by System 6.

The color of Crowduck treated by these systems r¡Ias acceptable throughout

the curíng period (wíth the exception of rice cured for 4 weeks by System F,

Fig. 67). The color of the Paddy rice used in this system was barely affected

by the parching system.

In general, comparísons of data indicated that Lake rice developed or

had more acceptable color than Paddy rice in all curing environments (Fig.

55-68). However, Lac la Ronge rice, like the Paddy rice, failed to develop

an acceptable color wíth any processing system. In all rice types, the rate

of color change was found to be dírectly proportíonal to the curing environ-

monf ia tlro lriohor fha crrrino fêmrìêl^aaIrt1'ø- tho F^^r^- +L^ l^--^'l^nmênl- nf nnlnrIrlurrL ru Lttu rrfórr- --ItrPs!aLUret Lr¡ç !éùLCI LIIE UçVgfvyrllçIrL U! LvIv!.

However, the quality of color development differed wíth respect to the varíous

rice types.

Curing time also affected color development. In all rice types and

sneei f ie errríns ^--^*^*^ +L^ ^^1or dpr¡e'l ônmenr reached a maximum and thenoI/LLrrru uu!!116 ÞyÞLçlllÞ t LIIE çv!v! uuvurvyrrrurrL r

faded towards the end of the storage period.

Parching temperatures sígnificantly affected the color of all rice

types. It was found that the hígh temperature systems tended to improve

the color of all rice types used in these studies (Figs. 55-68). However,
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extremely high parching systems could

ín these systems tended to pop and the

lighter co1or.

adversely affect co1or. Ríce parched

popped fragments would produce a

4.4 Cookíng Srudy and Kernel Fragility

The appearance of cooked wild rice ís an important factor in the

acceptability of the finished product. rt was observed Ín chungrs (rgr5)
study that some whole graÍn ríce broke up into small fragments upon cooking.
This behavior in the cooked rice produced a very unattractive, mushy looking
product' Consequently some of the rice obtained in this study was examined

for stress points which were 1ikely to break when the rice was cooked.

4. 4.L i(ernel Fragility

A summary of results obtained from stress point analysis are presented

in Table 14 and Figs. 69 & 70.

The results indícated that 1ow parching temperatures produce a greater
number of stress points than high parching temperatures. The data showed

that Eileen t,ake rice is not as susceptible to the production of stress, poínts
as ís shallow Lake rice. The curÍ.ng system appeared to have a variable effect
on the productíon of stress points. However, both rice types seemed to have

been affected simiJ.atl-y (with regard to number of stress points) under curing
system D and parching system 3: (both rice types showed highest number of
stress points under these conditions (fa¡te 14).

4.4.2 Cooking Srudy

Data obtained from this study lizere anaLyzed. statistically by the random-

ized blocks design, and are presented. in Figs. jl_jg.

The results illustrated that 1ow temperature parching systems (65.-120.c)



'J
FIGURE 69.

80

70

60

50

40

30

?o

ro

o

7A

60

5Q

4o

30

2Q

to

o

FIGIIRE 70. The
in

The
in

Effects of Parching Tenperature
t{ild Rice Cured ar 3oC.

on Kernel Breakaee

65.o 79.O 93.O tozo tzt.o t35.o t49.o
PARCHING TEMPERATURE "C

,x
\

Shollow Loke
Eileen Lcke

Ø
þ
¿.
õ
0-

Ø
(n
l¿J
E
þ(n

ñ

U''
þ
4;o
0*
(n
Ul
l¿I
æ
þ
U)

s

CI
65.0 79.O 93"O tO70 tzt"o t35.o t49.O

PARCHIruG TEfu1PERATURE " CEffects of parching TemperaÈure on Kerrìel Breakagel^iild Rice Cured at 15oC.



o/,

TABLE 14 Stress Poínt Analysis of
Lake Idild Rice.

Cured and Parched Eileen and Shallow

llrrri ns Pqrclri no Number of Stress Points
Ríce Type System System (Z)

LfIEEII LdNE

Shallor¡ Lake

h - hi ohpqi. I - lowest

c

7

3

6r9

35

t0

52

10

h

1

h

I

3

10

3

8

75

9

o¿.

10

h

1

h
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produced rice which retained their conformation d.uring cooking and that high

parching temperatures (135' - 150'C) produced ríce that curled excessively

(hence' unattractive) when cooked (Figs. 7L-78). This phenomenon \,ras true

for both rice types (Eíleen and Shallow Lake). It was anticípated that rice

contaíning a high percentage of kernels with stress points would break up

more r+hen cooked and hence produce a softer textured product. However, thÍs

\.ì7as not the case in this study. None of the cooked rice appeared mushy or

broken up after cooking. In fact, the percentage of kernels that remained

whole and intact (ie not split) was higher among the rice samples found. to

contain kernels wíth a high percentage of stress poÍnts. This may indícate

that these (fissures) stress points are not susceptíble to breakage duríng

cookíng. The ríce genotype could also have contributed to this Dhenomenon.

There \,ìIere no siønifir-¡nf d-ífforgnses between curing SyStemS A and D with

respect to the cookíng properties of the rice types used in this study.

4.5 Appearance, Flavor and Texture of Fínished Wild Rice

A major factor in wild rice quality is its

toasted flavor was found to be acceptable, but

r,ri f- 1r c cr¡r'-.' --ri : e1 i ohf l r¡ pqrrl-,-, €'l ..,^- .,^^wrLrr o 6LdrLLJ drr_ * _** Ltly IIaVOf \.¡/aS

The primary objectíves of thís study were: (l)

curing and parching systems on the appearance,

processed wild rice. A second objective \,/as to

f 'l avor nrof í I e f or cood crrn 1 j rv wild rice.

flavor. In some cases a plain

usually thís flavor coupled

preferable (Chung, I975),

to evaluate the effects of

flavor and texture of the

improve and fínalize Lhe

The data obtained from the sensory studies were analyzed statistically

by means of the randomized blocks deslgn and a computer "stat 13" program

developed by the Computer Center, University of Manitoba. Duncants Multiple

Range test rá/as also applied to compare the experímental means obtaÍned for

each curing and parching system.
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FIGURE 73. The Effects of ParchÍng TemperaEure on Ehe Cooking Propertíes
of Wild Rice Cured at 3oC.
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4.5.I The Effects of Curing Systems on the
Flavor QualÍty of Wild Rice

The curing environment had a more sjønificant effect on the flavor of

the final product than did the parching systems (Figs.7g-g2). In al1 systems.

the flavor \,ras generally not acceptable during the first week of curing, but

became more and more acceptable as curing progressed and then deteriorated

towards the end of the curing period. Generally, low temperature cured rice

had better flavor than high temperature cured rice. For instance. rvhen wild

rice was cured for 7 weeks at 5oC, the flavor \^ras acceptable throughout storage

(Fig. 83). tr^Ihen thís rice was cured at 38"C, the flavor deteriorated after

2 days storage (Fig. 85). This trend was true for all rice types. The hu-

nidity of the curíng environment also appeared to have influenced the flavor

of the finished rice (Fig. 9I & 92). These figures indicate that hieh hrrmjdjrv

environments (75"Á - 95"/") have a more positíve effect on the acceptability of

flavor of finíshed wild rice than lor¿ humidity environments (55"Á).

4.5.2 The Effects of Parching Systems on the
Flavor Quality of i'lild Ríce

According to the judgement of the panelÍsts, 1ow parching temperature

systems produced rÍce with more acceptable flavor than extremely high parching

temperatures (F1g. 79-92). For example, rice parched at 65oc to 121.c had

acceptable flavor rvhereas that parched at over 130"C was ranked unacceptable

(Fig- 89 & 90). These effects of parching systems on the flavor of wild rice

\.dere common to all ríce types used in this study.

4.5.3 Flavor Acceptability of RÍce Types

There \,üas a common pattern of flavor acceptability for all rice types

processed by the dífferent curing and parching systems. Horvever, the extent
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FIGURE 85. Acceptability Scale of Shallor.¡ Lake Rice Cured at 38'C
and 957" Relative Huuiiditv.
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FIGURE 87. Acceptabi_1ity Scale of Lac
and 951l Relative Hurnidiry.
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FIGURE 9I. Acceprabilírv Scale of Crowduck Lake Rice at 10"C.
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of these processing effects on flavor differed for each rice
Lac 1a Ronge ríce parchecl by System 2 had. a more acceptable

it was parched by system 1. rn general, flavor deteriorated
of the curing period for all rice rypes (Figs . 7g_g2).

Lake rice tyPes had more acceptable flavor than pad.dy rice. However, the
degree of acceptability of flavor differed among the lake rice rypes, probably
due to the fact that these lots of ríce were obtaÍned from different souïces
and therefore were of varying genotypes. The level of flavor acceptability of
Lake rice r'{ere: shallow Lake, Eileen Lake, crowduck Lake, liarrop Lake and Lac

la Ronge rice in descending order. Hence, the acceptability of flavor of fin-
ished wild rÍce is also affected by the source or origin of the rice.

In summary, it can be said that the overall- acceptance of the flavor
of fÍnished wild rice is most dependent on the aroma, taste and after*taste.
The major factors describing a good quality and acceptable wild rice was one

with the fo11owÍng flavor characteristics:

(a) - Appearance - dark brown to black, straight and sp1ít along tÌre major

axís of the kernel and not mushy.

(b) - Aroma - grainy and slighrly roasred.

(c) - Tasre - grainy, slightly roasred. and slightly earrl-iy.

(d) - Texture - slightly hard and chewy.

(e) - After-taste - pleasant ie not objectÍonable.

conversely, wí1d rice with a green, curled and mushy appearance; sv/ampy

odor; moldy, burnt, extremely earthy and bitter raste; extremely soft and co-
hesive texture and an objectionable after-taste was consi-derecl highly unaccept-
able' Both the curing and parching systems had significant effects on the
flavor of finíshed wÍ1d rice. Lo\,/ temperature curing (5-10.c) and parching
(108"-121'c) environments produce finished rice lrith the most acceptable flavor.
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type. For instance

flavor than when

towards the end



4.6 Consumer Survey

The characteristics of respondents obtained Ín
in Appendix 3, whÍch íllustrates rhe distrÍbution of

It was found that although long

this factor v¡as overruled by co1or.

ríce regardless of its size (Appendíx

chaff and other foreign materials.

ment, education, agê and family size.

The data obtained in thís study were analyzeð. sta.istically
domízed blocks design and chi square relationships between rice
dimensions (eg color, size) as judged by the consumer.

r09

thj-s study are presented

participants by employ-

by the ran-

types and

4. 6.I Consumer practÍces

All the respondents in this survey stated that the price of wí1d rice is
the major limiting factor in the use of tiris grain. However, ín general, con_
sumers judged wird rice primarily by color and secondly by size (Appendix 30,
31)' The darker the color of rice, the better respondents liked it. Rice
color I¡Ias associated with its final flavor whereas size was attributed to
immaturity' rt was also found that consumers purchase wild rice on the basís
of its "good name" and that most of the respondents íntervièwed had very 1ittle
knowledge of the actual nutrient content of this graín. At the present time,
cons'-imers use wild rice mainly as fowl stuffing, in puddings and special gourmet
dishes ' cooking information is generally obtained from magazines, cookbooks.
fríends and relatives.

4.6.2 Consumer preferences

and plump rice kernels were preferred,

Respondents would select a dark colored

31) and as long as the rice was free of

Consumers, also would prefer

see the grain before purchasing it

packaging systems that r,7i11

. This wíll permít them to

enable them to

check the co1or,
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size and cleanliness and ensure that they are getting theír moneyts worth.

Perhaps, as the popularity of wild ríce increases, more of it will be avail-

able to the consumer at a reasonably low price in order that the lower income

group may also enjoy this uníque flavored grain.

T- ¡,,mnnvrr ^^ñqÌrmorq irrrioo r¡i1rì riae cluâ1ir" --{*^--'-l" L.'ifs color- fhe.nIû SUmma.fyr - J*-o rLJ Prrrrtalr¿J wJ t Lrrerr

size and cleanliness. Present hígh príces limit the use of wild rice to gourmet

cooking mostly. It is anticipated that increased productíon will subsequently

decrease Che príce and will result in more frequent use by consumers.
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5. Summary and Conclusion

Lake and Paddy Wild rice used ín these studíes were obtained by the Food

Science l)en¡rfment ín L974 and L975. All the rice was nlaced in frozen storâse-orv!46ç

(-40'C) upon arrival at the department and \,/as processed approximately four

months later. The rice was washedprior to processing. The washed rice was

cured, parched, hulled, cleaned, size graded and quality evaluated. The cri-

teria for quality evaluation were based on Lotal percent yield, percent rtrhole

grain (kernels), color, cooking properties, sensory analyses and consumer pref-

erence tests.

All curing systems produced finished wild rice with highly acceptable color

^-l ç1^-.^- 1-,,+d'u rrdvv!, uuL the 1ow temperature (3oC, 5oC, 10'C) systems were judged to be

superíor. These systems produced consistently higher yields, more acceptable

flavor and the curing could be extended to 5-7 weeks. Rice curing at temper-

atures of 15oC and 3BoC developed acceptable color, but did not have acceptable

flavor. At 15oC curing, the rice had to be parched within 2 weeks and that

cured at 38oC had to be parched after 2 days. All the low temperature curing

systems produced acceptable color in all rice types i¿ith the exception of Lac

La Ronge and Paddy (1974) wild rice r¿hich failed to develop acceptable color in

the environments that \,/ere tested.
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Hov¡ever, the rate of color development r¡/as directly proportional to the

rêmñêrâl-rrro nr the curíng environment. The higher this temperature the faster

the color devejopment. This color change was also dependent on the rice type,

ie the rate and qualÍty of color changes differed with respect to the origin

or source of rice, and of rice genotype. The percent total yield of wild rice

\¡7as not affected by the curing environment when this was well controlled. Onlv

Harrop Lake rice showed a reaction to the various curing systems. In all curing

systems, total yíe1d tended to decrease (insÍgnificantly) slightly, towards

the end of the storage period. Percent whole graín yield of rice was also not

affected by the curing systems when they were well controlled. It was found

+L^È ,,-^l^- ^l1LiIaL, unoer a.L-r the curing systens ínvestigated, Lake rice outyielded Paddy

wild rice; and that the yield of rice, among Lake rice types, differed signif-

icantly.

Comparison of the parching systems utílized in this study indicated that.

in general, 1ow parching temperatures (65'C - 120"C) produced higher yields

of rice with acceptable flavor. VJhereas l-righ temperature parchíng sysrems

(13S'C - 150"C) produced rice with undesirably burnt flavor and fragile

kernels and hence less yield. In all rice types, intermediate temperarure

(100'C - L?L'C) parching rüas seen to have improved the color of the fínished

rice. However, extremely high parching temperatures (135'c - 150"c) produced

rice with unacceptable color and flavor characterj-stícs.

Taste panel results demonstrated that wild rice which had the desÍrable

dark color did not necessarily have rvell-developed flavor (although dark

color contributed favorably to the acceptability of the overall flavor of the

finished rice). Color and flavor of wild rice did not develop concurrently.

The initial state of rice at harvest, ie rice genotype and maturity seemed to

be the major factor governing the devel-opment of color in wild rice. CurÍng

temperature' aeratíon during curing as well as parching temperatllre r,/ere
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ç^^+^-^..L-'^L ^-rdLLUrÞ wrrrLrr dpparently governed the flavor development of lvild r1ce. A

good quality wild rice, according to the concensus of the taste panel, rras

rice that had acceptable dark color and acceptable flavor. Acceptable flavor

in cooked rice was defined as follows: dark-brown to black, straíght and split

^-r -^+ *..^L-- ^1;^L+1V çreinw nnd fa\ñôi^l . ^1_io.[¡l.]r¡ aarÈhr¡alru rrv L uruÞrrJ dypedL dLruc , t,IIBTIL*/ *.^* _Jas Lgc. aroma; s-L1Þ-^_,

^-^j.." --J t^^¡ted (not burnt) taste; slightly cher';.y texture and a pleasant6LaLLLJ, drru L94ì

after-taste. Sensory characteristics, such as green color, sT¡/ampy odor,

moldy and extremely earthy taste, mushy and soft texture and objectionable

after-taste vüere those índícating unacceptable finished wild rice.

I^Iild rice wíth very dark color, plump and long kernels and very few

]--^t.^.. ^-^ i -^ --^DroKen gral-ns were judged as top quality rice by consumers. In general, cori-

sumers judged wild rice prínarily by color and secondly by size. The darker

the color of rice, the better consumers liked it. Rice color !7as associatecl

with its final flavor, whereas size was attributed to immaturítv. It ruas

also found that consumers purchase wíld rice on the basis of its "good name"

and that most of the respondents ínterviewed had very líttle knowledge of the

actual nutrient content of this graÍn. At present, wild rÍce is used mainly

^^ ç^,-1 ^Þ..8 .:^-as ror¡r,L sEurrl-ng, in puddings and special gourmet dishes. Owing to its high

price, wild rice is consid.ered a r'luxury" item in the food. market today. It
-i^ L^^^l +L^+rÞ rrupcu LrrdL, as the popularity of thís grain increases, more of it will be

avaílab1e to the consumer at a reasonably low price so that the lower income

ô?^rrñmnr¡nlona¡jnr¡|hicl¡nialtaF1oltnra,1
ó!vuy r¡ldJ d!ùu slrJvJ Lr¡lo urrryue IIdVUI-gLI Ë.L¿lIII.

Most problems associated wíth the quality of finished wild rice were

reviewed ín this study. Problems such as decreased yield, srdampy odor, broken

kernels, and mushy texture were found to be controllable.
rFL^ ^-^L1^-rne ProD-Lem of color development is sti1l the major problem in the processing

of wild rice. This problem was found to be primarily dependent on the rice ge-

notype, ie degree of maturíty at time of harvest. No correlation seems apparent
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between color development ín wíld rice during curing and flavor development

of the finished product. Further research work is required in this area.

The production of Paddy wild rice in }fanitoba requires improvement in thís

variety by a sound breeding program. Due to the various aspects of research

in this study, and to the limited tÍme involved, some of the results are not

Positively confirmed. However, most of the informatíon contained. here. con-

cerning the processing of wild rice are reliable and available for commercial

use or as guidelines for future research.

5.1 Recommendations

This section will indicate the area where further research on the processing

of wíld rice appears to be required. It will also indicate those conclusions

that the industry may utilize to thej-r advantage.

5.2. Lìecommendations f or Further Research

The commercíal wild rice processor handles lots of rice with varying degrees

nf merrrritr¡ rnmature rice is found to produce finished rice which gives a

lower yield wíth poor qualit.y. Maturity, for this grain, is not well defined

but primarily based on darkness in color of kernels at tíme of irarvest. Thís

should be more specifically defined to enable gro\¡/ers to select one "proper"

tÍme to harvest the crop. Ileanwhíle, new ríce varieties should be developed

hrz f1¡a n-l¡nJ- È'rauJ Lrrs yrdrrL urceders especÍally since the existing Paddy rice variety needs

improvements desperately. ThÍs would have the potentíal of giving uníform

maturation and hence uniform color to the finished product.

This study has revealed that it ís beneficial to thoroughly wash the

harvested rice prÍor to curing in oïder to decrease spoílage problems during

curing; by removing sand, plant debris, ergot bodies and eliminatíng the rice

!,/orm from the curing pi1e. Thís washing operatíon has not yet been adapted
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to the industry. Perhaps a washíng system, as used Ín the sugar beet industry

could be adapted for wild rice prior to curÍng. Further research is necessary

here to confirm the economical feasÍbilíty of such a system.

Further research is required to more precisely verify the effects of

^,,--t^ã ^-l -^-^l-i F^ñ^ ^ñ +^r^1 -.i ^11 ^-l ^n1nr dar¡ol ñnmênt Of Vaf iOUSLU!IrIË 4IrU y4fLIIMË ÞyÞLçtuÞ Vr! LVLdL jrç!U dlru LUrV! UsVErUyrrerrL

rice types.

5.3 Recommendations for Application by the Industry

The transportation systen for harvested ríce from the field to the pro-

cessing plant is still very ineffícient and hence needs improvement. This

tüi1l ensure that the rice is handled properly, thus mínimízíng losses and

helping to reduce costs. There is also a great deal of í-mprovement required

in fiarvestins teehninres- Tt is a fact that ín Manítoba most of the natural

(Lake) stand rice is harvested by the ancient method. This method is rather

inefficipnt- resu'ltins in Door harvesfins lvie.ld\ .-^- ^^-^ Li^L losses ofr !uouf L¿ rrs! vLrLM6 \Jrelu/ ys! 4Lrç, rrróIl

grain and improper handling prior to curing.

The curing píle of rice must be well controlled to ensure optimum quality

of the finished rice. Rice bed temperatures must not be allor,.¡ed to exceed

lO"C to 15'C of the curinq environment. The moisture content of the rice

durins crrrins is exfremalv imnortant and must never be allor.^¡ed to fall below

40 percent in order to prevent aflatoxin development and white centers in the

finished rice. Inlherever possible, ie economícally feasible, a controlled

environment system r¡i1l be the best type of system to use for this stage in

the processing of wild rice.

Parchins or rìrvins ean l're. carried out ín anv tvDê of hof ei- Å---^-
^ .-- -.-^--Þ J 1116 Lqrr uu e4! ! IeU VUL LLI ALLJ LJ yç vL lrv L aI! ur J s! ÞJ Þ Lertl.

This study has illustrated tirat consuners prefer finished wild rice with a

slightly toasted flavor. Thís qualíty factor was found to be successfully

achj-eved r¡hen íntermediale parching temperatures \.{ere utilized. It was also
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found Ín this study that the production of hígh qualíty wild rice can be

achieved by the following processing systems:

Curing: low temperature (5-10'C) and high humidity (75-95i1) environmenr

for 3 to 5 weeks.

Parching: temperature range of 107oc to Lzr"c for z0 to 30 minutes.

These systems would produce ríce wÍLh acceptable color, flavor and optimum

yíeld.

The hulling process in also very critical as it removes the hull and

polishes the final product. Hence, great care must be taken to prevent or min-

ímize breakage of the rice. It is recommended that the parched ríce should

be hu11ed within 24 hours after parching to ensure maximum yield of whole

graíns. A series of Japanese Kyowa (spring) adjustable hullers can be used

qrra.êcêfrr'l 1r¡ f nr ¡l-'r'c nnav¡+-i n-Lr¡rù vyçf,4LfuII .

The flavor of wild rice was described under 22 dífferent characteristics.

Various specific characteristics and processing systems were identified as

contrÍbutíng to undesírab1e and unacceptable flavored wild rice, such as

moldiness, slrrampiness, hÍgh temperature curing and prolonged storage in curing

as well as extremely high parching temperatures. These systems must be avoided

by the processors. Consumers were found to prefer fínished rice v¿ith bland

to slightly toasted taste and an overall "gamey" flavor. Consumers associate

dark color and size with final flavor and hence commercial processors should

endeavor to produce wild rice that best accords to these preferences.
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APPENDIX I.

Ins tructions

l. You will be served four samÞles al1 at once.

2. ?lease examine each one separately and use one ballot sheet per sample.

3. Examine each sample carefully and Índicate your opiníon in the areas
specified ín the questíonnaire.

4. IL is advisable to rínse mouth well between samples.

5. Please use empty contalners provídedfor expectoration.
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APPENDIX 2.

( qmn-l a .

APPEARANCE

Scale I

Scale III

Name:

All ! t t t t t ,411 Green¿ , t t , | , Dark
straignt ffi/ä"rr.¿ 

Brown

Scale II

Scale IV

AlttrtttrrAllMushy,ttt,,,Not -__-__1_ffit___.Split t t t t t t 'Intact t t t I I t 'Mushy

Scale V

Appear. | , t , ,Appear.
atceptalr" ffil Unacceptable

BlandtttrttrToastedAromatrtttt,Aroma
ffi' a.ccepto ffi/Un".."pt.

AROMA

Scale I Scal-e II

Blandtrtttt,GrainyBlandtt,Swampv
mt- ffil"

bca-Le lrr Scale IV

TASTE

Scale I Scale II

Scale III Scale IV

Bland t t t t t t ,Ext. Bland I t t I t t ,Ext.ffi/Burnt ffi/moldv-like

Bland I t t I t t ,Ext. Bland I t t t t t ,Earthinessr---r-----T----1----T----T--lo-rinrz_1 jl¡a ffil



APPENDIX 2 (Contin)

Scale V

TEXTURE

Scale I

uLa¡ç ItI

1ô1r¿J

Bland 
#rBirrer Bland 

W sweer

Þcal-e vIl

Trcfa 'F^ ^ | ^t I I I I | /rdÞLË
Acceptable t t Unaccept.

ò ca-Le v I

Scale II

Scale IV

No t t Texture
Chewiness t t'---#l 

^^ôônr #/Texture unaccept.

AFTERTASTE

Scale I

Obj ectionable 
#rNor Obj ecrionable

ThissampleisAcceprabl" 
t f / / / /,Unacceprable
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APPENDIX 3.

Characteristics

Exmplor¡ment : Professional

tr^lhíte Col1ar

Blue Co1lar

S tudent

Total

Educatíoni ¿-Hígh School

High School

:z High School

Total

Àoa. 230

1.t -/, 
q

46-50

760

Total

Number of Persons
Per Household

Characteristics of Respondents (1)

Number

45

15

6

4

7o

Percent

04. J

2L,4

8.6

100. 0

r-2

5-7

Total

0

6

64

7o

10

49

q

2

7o

I2

4L

I7

70

0

8.6

19 .4

100. 0

L4.3

70. 0

L2.B

)o

r00. 0

11 1

58. 6

r00. 0
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APPENDIX 4.

CONSUMER OUESTIONNAIRE

Hello, I am from the University oflfanitobaand am doing a study on the
use of wild ríce. Your help would be most appreciated.

l. Fírst of all, who in your household does most of the grocery shopping?

a) you alone ( )
b) spouse alone (
c) both (
d) other (

^^^^-'4;-.ÞPçU!r rJ

Now, I am looking for people with certain characteristics.

2. Are you employed outsíde your home? yes ( ) No ( )

3, trr]haL is the occupation of the main wage earner in your home? Specífy.

4. How often do you serve wild rice Ín your home?

Not at Once a 2 or 3 More than Once a month More than
all year times/year 3 timesfyear once/month

() () () () () ()

If wild rÍce Ís not served at least once a year, thankyou, and indicate
completÍon of intervíer¿. Complete ( )

5. Do you ever buy wild rice in bulk? yes ( ) No ( )

6. How often do you buy retaÍI, or receive wild rice?

Not at Once a 2 ox 3 More than Once a month More than
all year times/year 3 timeslyear once/month

() () () () () ()

7, Do you buy them prepackaged or from the grocer?

B. I,Jhat is the most important characteristíc you look for when you
hrrr¡ lnr raceí rzpì r^ri 1 à ri e o?
""J\vl

C0L0R a) Black ( )
b) Dark Brown ( )
c) Light Brown( )
d) Green ( )

9. How is r¡i1d rice prepared ín your home?

a) casserole
1^\ n--^ l.,i -ã áraqqi nsD) Ë41[C UM Uleourr¡b
n\ f rrrl¿orz or nhi nLan rireqsí ng f )vJ Lu! NeJ /

d) plain síde dish
e) meat loaf
C) other (specifY)

STZE a) Long (

b) Short (

c) Plump/fat (
d) Small/skinny (

()
()

()
()



L26

QI-IESTIONNARIE ( contin)

10. How do you cook your wild rice?

a) time
b) temperature

PROBE c) excess \,rater
d) soak overnight
e) degree doneness
f) other (specify)

11. tr^lhere do you obtain your informatíon on cooking rvild rice?

a) trial and error ( )
h\ mnl-'nar fnmi'lr¡ frianrìq / 'l
u) r lqrrrrfJ \ /

c) cookbooks, magazines ( )
d\ çnrzihino elqp lenecifv)v'99+.J/

SHOI^] SAI-ÍPLES - LET RESPOIIDENT CHOOSE ONE

L2" a) trnlhat color would you say is the rice you chose?
b) I^lhat does color mean to you?
c) tr{hat color of ríce would yoil avoid?
d) inlhat would that color Índicate to you?

13. a) I would like you to rank the three other rice on display.
inlhich would be your second, third and fourth choÍce?

2nd 3rd 4rln

b) i^ihy díd you select rice as your last choíce?

Fínally, just a few background questions and this will complete the interview.

L4. I^lhere T,^¡ere you brought up? a) city ( )
b) country ( )
c) other ( )

15. llow long have you knol,¡n about and eaten wild rice?

16. How many people in your household? a) L - 2 ( )
b) 3-4 ( )
c) 5-7 ( )

17. I{hich age group do you fal1 into?

a) under 30 (

b) 3L-4s (

c) 46-60 (

d) 60-over ( )

Thank you for partÍcipating in our survey.



APPENDIX 5. Increase in Moisture Content of l^lild Rice Cured at 3oC.

% l'loisture Content Before Parching

[^Taal¡c nf f-rrri no

L27

0134579
Rice Type
(Variety)

Paddy 63.4 63.2 66.5 68.9 70.5 70-4 70.5

Shallow Lake 4B.z 54.L

Harrop Lake 45 .I 47 .3 52 .4 52 .6 52 .9 55 . 6 59 .6

Lac la Ronge 45 .3 53. 3 5 3. I 53.9 55 . B 58 . 7

Eileen Lake 45.9 48.2

APPENDIX 6. Increase in Moisture Content of Wild RÍce Cured at 5oC.

% Moísture Content Before Parching

i^leeks of CurÍng

Rice Tvpe

Paddy 63.8 68.2 69.5 69,5 70.2

Shallor¡ Lake 48.9 52.7 52.8 52.5 56.4
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APPENDIX 7 Increase in MoistuTe Content of Wild Rice at 15"C.

% l4oisture Content Before Parching

I^ieol¡q nf l}rri nq

0 I 4Rice T

Paddy

Shallow

1l - -r^^r!d! !uy

Eileen

Lac la

Lake

Lake

LdNE

Ronge

Á." o

48. r

46.3

46.4

45. B

69.9

50. I

49.7

47 .8

74.4

65 .3

48. I

s6 .4

APPENDIX B. Increase in Moisture Content of l^li1d Ríce Cured at 38'C.

% lloisture Content Before Parching

n--.^ ^ç (1,,-i ^¡u4JÞ ur vulrlró

Rice Tvpe

Paddy

Shallow Lake

63.4

4s.L

66.3

45.8

66.2



Appendix 9

Parching
Temp.

Pnrnhi ns
Time

Initíal
11. c.

%

Relationship Between Initial Moísture Content, Parching
Temperature, Parching Tíme and Proportion of Parched 'v^líld
Rice Kernels rvith Hollow Centers andfor Popped Grains.

L29

% of l^lhole l^lÍld Rice Kernels
Popped andfor with Hollow Centers

Eileen 3oC

% Popped Kernels

0

0

0

0

2

38

/,4

0

0

0

0

0

20

9

I(ernels with
ìJn11nr.r aôñrô?c (7\It\rJ.¿uw vcItLsLÞ \/o/

0

0

0

0

3

B1

93

0

0

0

2

t6

B9

65

79

93

107

72L

135

749

70

55

45

40

30

25

20

46

46

47

4B

48

48

48

Shallow Lal<e 3oC

65

-1 0

93

L07

I2I

135

1/,O

70

55

40

30

25

20

4B

48

55

53

q/,

s3

55



APPENDIX 10. Comparison of
by Systems A

^ ^ ^^^Ê ^Li l -' !--ðLLcP LdUf _LI Ly

and 1.

130

Score of Lac La Ronge Ríce processed

CharacterÍstics

S traíght
Dark Brown
Split
Mushy
Appearance Acceptable

GraÍny (odor)
Swampy
Toasted
Âva'.- 

^^^^^+^L1 
-f\r ullrd f\cceP LaDJ_e'

Burnt
I'io1dy
Grainy (taste)
Earthy
Bit ter
Sweet
Taste Acceptable

Hard
Cohesive
Chewy
Texture Acceptable

After Taste
^l^;^^+-'^--Ll ^vuJ çL Lrvltdulc

Sample
Acceptable

CuringSystemA-3"C,
ParchingSysteml-Low
Storage Time in rveeks

Experimental
Mean

2.4
1.8
2.I
4.4
?q

J.O
.). )
))
J.J

1.5
)\

2.2
2"I
a1L. T

4.L

'). ,)

?R

a1
J..L

4.7

4.3

o(o/ Þ H

Tomnorafrrra /7Oon\¿vnll/e!qLure \t J w)

Duncan's }lu1tip1e
Range TesL

B

F. Value

3.6
6.1
1^
0.2
l,

2.2
Q1

1.1
6.2

1.1
11. 6

2.L
2.r
)9
)e

1.0
2.r

6.6

AA

4
A

A

D

D

A

q

A

Experimental Mean -

I
3
(

7

Extremely Acceptable
Extremely Unaccep table

A-
B_
C-
D-

1-
7-



APPENDIX 11. Comparíson
by Systems

Characterístics

Straight
Dark Brown
Splít
Mushy
Appearance Acceptable

Crqinrz /n.lnr\

Swampy
Toasted
Aroma Acceptable

Burnt
Moldy
Graíny (taste)
Earthy
Bitter
Sweet
Tô^+^ 

^^^^^f ^L'l ^r4ÞLç dLUgPLdUr€

Hard
Cohes íve
Chewy
Texture Acceptable

After Taste
0bj ectionable

Sample
Annenl- qlrl a

Curíng System A
Parching System
Storage Time in

Experimental Mean -

i.4
4.2
10

?a
))
4.3
erì

3.¿
t1

a'1
)o
-to

a1

2.7

qq

3.4

- 3oC, 152 R.H.
2 - Hi.gln Temperature (135"C)
weeks- A-1

of Acceptability
A and 2.

û-..-^-i-^-È^1!^Pçr rtLtgllLél

Mean

B-3
c-5
D-7

'l 
- tr'vf remo'l r¡ Ânnan'l. ¡h1 o

7 - Extremely Unacceptable

131

Score of Lac La Ronge Rice Processed

F. Value

1.5
r.4
0.6
2.7
n5

o.l
4.7
4.8

11. 6

?)
L4 .5

1a

2.7
0.8

U.J
0.3
0.7
7.4

6.6

Duncanr s Mul tiol e
Range Test

A

A

A

A



APPENDIX 12. Comparíson
by Systems

CharacterÍstícs

Straight
Dark Brown
Sp1Ít
Mushy
Appearance Acceptable

rr- ^ -í -,, / ^l ^*\ur drrry \ wuw r /
Swampy
Toasted
Aroma Acceptable

Burnt
Moldy
n-^-:--. /+^^¡^\u! éf lrJ \ L4Þ Lç,,'

Earthy
Bítter
Sweet
rn^^+^ 

^^^^-+^L'I ^IOÞLç ôUçePL4UIg

Hard
Cohesive
Chewy
Texture Acceptable

After Taste
wuJ cgLIUrlduf,g

Sample
Ânnon'l- alr-l a

Curing SystemA- 3oC,
ParchingSysteml-Low
Sfor¡pe Time in weeks -

Experimental Mean -

nf Âncanf el'i I i tr¡

A and l.

F.vnerimonf ¡ 1

Mean F. Value

L.6
?\

1.0
J.¿

1.5
1.1
6.2
z.J

10. 4
0.6
0.7
1.1
))
10

4.0

rìo

2.0
?R

4.4

L32

Score of Harroo Lake Ríce Processed

Duncanrs Multiple
Range Test

3.2
5.4

4.4
2A

2.7

aa
J. t

)2
)a
?'l
?o
2.7
2.r
4.2

4.r
a/,
4.4
?5

4.6

4.2

o(o/ D Lr
tJ/ô L\. LL.

Tamnor¡frrro lTqoClguu!9 
\, /

A-1
B-3
c-5
D-7
E-9

I - F'vl-ramalrz Ànnanf¡lr'la

7 - ExLremely Unacceptable

4

AB

A

A

A
A

AB



APPENDIX 13. Comparison of
Ì¡rz Sr¡qiomc Â

Ânnonl- ¡hi'ì i frz

and 2.
Sccre of Harrop

133

Lake Rice Processed

Characteristics

S traight
Dark Brown
Split
Mushy
Appearance Acceptable

îv^:ñ-a /^,1^-\u! arrrJ \ uuv! ,f

Swampy
Toasted
Aroma Acceptable

Burnt
Moldy
rì-^-i-*, /+-^+^\u! alrrj/ \ LoÞ Lsl

Earthy
Bitter
Sweet
Taa+n 

^^^^-È-1-l ^IdùLç ðLUePLAUTç

Hard
Cohesive
Chewy
Texture Acceptable

After Taste
vuJ guL!vrrdu!e

Sample
Accpnt¡h1 a

Experimental Mean -

Experimental
Mean

?o
qo
)R
5.4
)o

?5
'), l
)o
?o

)'l

)^
?n

)'7
-io

4.4
/,o

4.8

4.4

4.8

F. Value

2.7
na
2.7
I.7
L.4

U. t¡
L.4
ôq

¿.()

0.4
L.1
1.0
1.1
10
l. t
0.2

3.0

0.7
1,2

1(

2.8

T)nneenrs Mrltinle
Range Test

AB
AB

B¡
A
A

C

A

Curing System A - 3oC, 952 R.H.
Parching System 2 - High Temperature (135'C)
Storage Time ín weeks - A - I

B-3
^trU-J
D-7

I - I'vf ramol r¡ Ânnpnl- rlrl a
7 - F'vlrømalr¡ lTnn^nanra}'la/ LÀL! srrrslJ ur¡4LLçy L@uIç



APPENDIX 14. ComParison
by SYstems

nf Àn¡anl-¡Ìr'ílitr¡v ! ¿¡L ver

A and 1.

tr'vnarimani-¡1

Mean

)a
</

4.5
?5

3.4
4.0
2.4
/,)

r.7
3.6
10
29.
^ôJ.L
11.
tr^J.V

?Q

^,J.+
4.L
3.7

/, ')

5t

oqo/ p Tl

Tomnarnfrrrê l7q"C)rçIrryL!quuLv \' / v)

^^Â-u
B-1
c-3
D- )
11 - I

Score of Paddy Rice Processed

L34

Duncanr s Multiple
Rrnoe tlaqt

AB

Charac teristics

Straight
Dark Brorvn
Split
Mushy
Ànne¡ rnn c e

n- ^ -i *,, I ^Å ^-\u!drr¿y \uuv! /
Swampy
Toasted
Aroma Acceptable

Burnt
Moldy
Grainy (taste)
Earthy
Bítter
S\nIeet
Taste Acceptable

Hard
Cohesive
Chewy
Te-ztrrrc Aeeenfnble

After Taste
Acceptable

Sample
Acceptable

CuringSystemA-3"C,
ParchingSysteml-Low
Srorâse Tíme in T¡ieeks -

F. Value

'lR

4.2
2.8

0.3

4.8

4.L

)\
L.4
0.3
no
1n

1Q

1.3
12

0.4

4.5

A

;B
4
A

A

^

D

A

A

A

Þ

Experimental Mean - 1 - Extremely AccePtable
7 - Extremely UnaccePtable



APPENDIX 15. Comparison
by Systems

Characteristics

S traight
Dark Brown
Split
Mushy
Appearance Acceptable

f]rrinr¡ lndarì

Swampy
Toas ted
Aroma Acceptable

Burnt
Moldy
n-^;'.-. /+-^+^\u!4f rrJ \ L4Þ Lç,'

Earthy
Bitter
Sweet
Taste Acceptable

Hard
Cohes ive
Chewy
Texture Acceptable

After Taste
Obj ectionable

Sample Acceptable

Curíng System A
Parching System
Storage Tíme in

Experimental lulean -

nf Ácnon|-nhiiitw
A, and 2.

tr'vnorimanl-ç I

Mean

Qnnra nf Pqd¡lr¡ Ríce Processed

135

Duncants Multiple
Renoa Tpqf

2A
4.7
?q
4.8

3.8
2.7
3.8

3.4
2.4

2)
3.4
2.0
4.3

4.7
an
3.8
?Q

4.3

4.7

- 3"C,952 R.H.
2 - Hígh Temperature (135"C)
vreeks- A-0

F. Values

0.4
5.6
0.6
L.2
L.7

1,)

8.3
0.2

5.6
0.4
0.4
0.7
(?

0.7
L.4

1.0
0.2
0.1
0.2

rìo

2.0

A
A

A

A

A
A
A

D

D

B-l
^at-J
ñ<

E-7
-l 

- Fvt- ramal rz A¡centnhl aerrrvrJ

J - ExLremely Unacceptable
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Score of Eíleen Lake Rice CuredAPPENDIX 16. ComParison
by SYstem

Characteris tics

Straight
Dark Brown
Sp lit
Mushy
Appearance AccePtable

^--+--, /^,i^-\u! érrrJ \ vuv ! /

Swampy
Toasted
Aroma Acceptable

Burnt
Moldy
Grainy (taste)
Earthy
Bitter
Sweet
Taste Acceptable

Hard
Cohesíve
Chewy
Texture AccePtable

After Taste
Obj ectionable

Sample
Acceptable

Experimental Mean -

of Acceptability
A.

E-.^^--i*a-r-'l!ÀP çr lllLç!r L a!

Mean
Duncanr s Mulciple

Range Test

Curlng System A - 3oC, 952 R.H.
Parching Systems - A - 3 - 65"C

B - 4 - 79"C
c-5-93'C
D - 6 -107'C
E _ 7 -L?I"C
F - B -135'C
G - 9 -149'C

4.L
4.6
tq
?(

4.5

3.7
10

3.6

?'t
L.7
?n
1A
3.4
t^

4.3

?a

4.4

4.7

1 - I'vfroma'1 rz Annenfnhle

7 - Extremely UnaccePtable

F. Value

29 .5
2L.6

+.J
7.6

^1
L.6

ll. 6

2.3
1.1
1.1

L.6
6.1

13. 5

0.7
1? O

3.2

6.0

8.0

D

A

A

!
D



APPENDIX 17. Comparison of Acceptabilíty
Cured by System A.

Characteristics
Experimental

Mean

Score of Shallow Lake Ríce

L37

T\,,-^^-^ I ^ rÁ.,1+-'..1uuncan s lvlul-El_p.Le
r\4r¡6s reÞL

S traight
Dark Brov¡n
Split
Mushy
Appearance Acceptable

GraÍny (odor)
Swampy
Toasted
Aroma Acceptable

Burnt
Ifoldy
fì- ^ -i *-, / ¡ ^ ^ + ^ \ur dlrrj/ \ LdÞ Lcl

Earthy
Bít ter
Sweet
Trc'i-e Âncanfahl a

Hard
Cohesive
Chewy
Texture Acceptable

After Taste
Obj ectionable

S ample
Acceptable

1a
4.4
3.4

3.9
)1
?q

J.¿

2.4
)9.
1R
4.4

eo

4.3
J.O

56

4.r

.t¡Tl

Aqo î

1oo I

1^1 o1

1 a1 o ^L¿L U

135'C
749" C

F. Value

').'). /,

1)

L.6
ao

L.4

1' 1

24.3
2.L
1.1
1.5
qo
)a
2.6

^1.0.4
\)
1\

no

)9.

n
4B
AB
A
A

G

G

A

n

D

G

Curing System A -
Parching Systems

Experimental- Mean -

?oa 1<ø/
J vt

- A-3-
B-4-
U_J-

D-6-
E-7-
F-8-
c-9-

-l 
- I'vframalr¡ Âncanfqlr'lo

7 - Extremely Unacceptable



APPENDIX 18. Comparison
by Systems

Characteristícs

Straight
Dark Brown
Sp 1it
Mushy
Appearance Acceptable

rr-^-r--. /^J^-\ur drrrj \wuvr /l

Swampy
Toasted
Aroma Acceptable

Burnt
Moldy
a-^i'^-. /¡-^+^\ur érrrJ \ LdÞ Lçl

Earthy
Bitter
Sweet
Taste Acceptable

Hard
Cohesíve
Chewy
Texture Acceptable

After Taste
Ohi anl-i nn:hl c

Sample
Acceptable

Curing System B -
Parching - I -
Experimental Mean

nf Annanl-rlri-1 i tr¡

B and l.

F-.^ ^--í -^- + ^ 1L^lJç! rtltç!rLd!

Mean F. Value

18. 6
?R
7.3
2.4
0.5

1ô

iR
0.8
L.4

1.1
10
0.6
1.1
nq
0.5

]? 5

0.1
10.4
0.9

4.6

??

138

Seore cf Shallor¿ Lake Rice Processed

Duncanr s Multiple
Range Test

qq
,) .)

3.9
J.¿

4.3
tq
2.8
2.7

r.Õ
'to

tq
2.4
al

4.L
J.L

4.4
'). /,

D

4
A

D

DA

D

nA

DDU
B¡

A
A
A

A

5oC,95% R.H.
Low Temperature (79"C)

I - I'vl- romo'l r¡ Ännantqhl a:¡vvvr

7 - Extremely Unacceptable

Çiaraoa Timo in .-^ ^l-- ^u Lv!@óe r!¡rru rrr WeCKÞ - å

B
(.

D

E

-0
-l
-3
-5
-7



APPENDIX 19. Comparison
by Systems

Characteris tics

S traight
Dark Brown
Splít
Mushy
Appearance Acceptable

(\-^.: ^-. /^l^-\u!drrrJ \vuvr /
Swampy
Toasted
Aroma Acceptable

Burnt
Moldy
f]r¡inrz ltqqte'l

Earthy
Bitter
Sweet
Tewfrrre Aeeenrehle

Hard
Cohesive
Chewy
Texture Acceptable

After Taste
^L-! ^^Èi ^-^L1^vuJ çuLrurrdufç

Sample
Acceptable

^Ç Â^^^n¡^l--i-l .'+.or AccePL¿lDrl-rLy
B and 2.

tr'vnpr'í mant ¡ I

Mean

r39

Score of Shallow Lake Rice Processed

F. Value

L7 .L
2.2
tq

3r.2
1q

0.1
n<
qq
1.8

2.2
0.7

n<
0.9
L.2
'lÂ

8.8
L.2
OQ

0.1

0.1

0.9

Duncanr s Multiple
Range Test

.D

B

C

C

D

D

6.4
a.)

?R

4.0
r.7
4.2
') -Ì

1q
?\
11
1q
1')
11

4.6

4.7

A
A
A

D

A

q
A

A
A

Curing System B - 5oC, 152 R.H.
Parclring System 2 - Hígh Temperature (135"C)
Experimental Mean 1 - Extremely Acceptable

7 - I'vl- ra¡6117 lT- ¡al,'l ¡I L^L!cr¡rerJ u!¡4LLçP L4Ufç

Sfnr:oe Time in weeks - A - I
B-3
c-5
D-7
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Score of Paddy Rice ProcessedAPPENDIX 20. Comparison
by Systems

Characterístics

Straight
Dark Brown
Sp 1it
Mushy
Appearance Acceptable

Gr¡i nr¡ t'nJnr\

Swampy
Toasted
Aroma Acceptable

Burnt
Moldy
n-^-i*-. /+-^¡^\u! drrrJ \ LdÞ LËrf

Earthy
BÍtter
Sweet
Taste Acceptable

Hard
Cohesive
Chewy
Texture Acceptable

After Taste
0bj ectíonable

Sample
Acceptable

Curing System B -
Parchinp Svstem I
Experimental Mean

Stnr¡oo Tíma i ñ --^ ^1-^ ^I IIIIS III Wg ËK¡, _ 
¿T

P.

(-

D
n

^ç ^^^^-È-L-'1i 
Êor ¿\ccePraDl_Iaty

B and 1.

F..*^--''-^-!^lL^Psr lurç!tLdI

l"Iean

3.0

51
3.7

?q
1^

?o

1-7

3.6
,)
2.6
)1

4.r

4.3

/,o
3.4

5n

4.L

çoa oqo/ Þ ïfJ vt

- Low Temperature (79'C)
I - F'vframa-lrz Án^^-r-l-.-l^f L^L!sIrçrJ õL9çPLdUIç

/ - Extremely Unacceptable

F. Value
n,,-^-* I ^ lr,,t *;^1uurrcan s I'luJ_E.t_p-Le

Range Test

6.8
10.1

4.L
2.4

11

5.8

)9,

1.1
0.4
r.4
L.2
u. -)
no

2.4

0.3
n?

0.8

L.7

õ
4B
AB

A
A

1)AB
AB

AB
AB

A

A

-0
-1
-3
-5
-7



APPENDIX 21. Comparison
by Systems

Characteristics

S traight
Dark Brov¡n
Split
Mushy
Appearance Acceptable

êr¡inw lorìorl
Swampy
Toasted
Aroma Acceptable

Burnt
Þloldy
Crrinw lr:etpl
Earthy
tsitter
Sweet
Trqta AnnonJ-¡hl p

Hard
Cohesive
Chewy
r^--¡..+^ 

^^^^.-È^LleIÇÀLU!s ðLUSIJLdU

After Taste
0bj ectionable

Sample
Accep table

Storâse Time in weeks - A
B
I

D

E

of Accpnirhi I i t.-"- --- -v
B and 2.

F'.vnarimpn l-r'l

Mean

Score of Paddy Rice Processed

141

ñtuuncan s r'lurt1pre
Range Test

", 
-7

4.7
J. J

4.5
1Q

J" ¿

)a

4.2

t'7
?n

3.4
2.0
4.8

4"5

4.6
6.2

4.8

5.0

F. Value

L7 .B
5.0
nq
)\
?5

3.4
1q

II.4

13. 1
6.7
0.7
r.7

r.4
2.1

LL.2
0.8
6.7
1.1

1Q

72

A

D

A;
n

ð
B

A
A

A
A

4B

Curing System B - 5oC, 95 % R.Il.
Parching System 2 - High Temperature (135'C)
Experimental Mean I - Extremely Acceptable

7 - Extremely Unacceptable

-0
-l
-3

tr
-J

-7



APPENDIX 22. Comparison
by Systems

Characteristics

S traight
Dark Brown
Sp lit
Mushy
Appearance AccePtable

n-^l-^,. /'^l^-\uf érrry \vuu! /
Swampy
Toasted
Aroma Acceptable

Burnt
Moldy
Grainy (taste)
Earthy
Bitter
Sweet
Taste Acceptable

Hard
Cohesíve
Chewy
Texture Acceptable

After Taste
^Li^^¡-'^'^^L1^vuJ gL L.|lduf,ç

SampIe
Ân n on I qlr'l o

of Acceptability
C and I.

tr'vnarimon'i- r I

Mean

2.3
5.8
10
4.6
?1

2.r
4.1

2.0
?q
3.6
)o
3.1
1R
5?

?R
4.0
4.2
4.L

2.8

trf

r42

Score of Shallow Lake Ríce Processed

F. Value

r.4
rìo
2.r
10
n\

2.6
q?
)9,
5t

2.4
4.2

0.6
0.9
0.7
4.8

'l?

0.9
1R
0.7

4.8

4.2

n,,'-^^*t ^ r{,,1È-i-1uuncan s r'lur L rP re
Rçnsc Teql.

4Þ
AB

4B
AB
AB
4B
AÞ
4q
AB

A

4B

A

4B

4B

Curing System C - 3BoC, 952 R.H.
Parching System 1 - Low Temperature (79'C)
Experimental l"tean 1 - Extremely Acceptable

7 - Extremely UnaccePtable

Storage Time in days - A - 2

B-6



APPENDIX 23. Comparison
by SYstems

Charac t er is t ic s

S traight
Dark Brown
Spli t
Mushy
Appearance Acceptable

Grainy (odor)
Swampy
Toasted
Aroma Acceptable

Burnt
Moldy
f]rçinrz lteetol

Earthy
Bitter
Sweet
Taste Acceptable

Hard
Cohesive
Chewy
Texture Acceptable

After Taste
0bj ectionable

Sample
Accep table

of Acceptabílity
C and 1.

tr'vnarimoni¡ l

Mean

t(
3.0
J.L

4.5
"^
3.4
4.0
2.4

11

J.O
)q
,,Q

5.0

?R
3.4
4.L
3.5

/, ')

q?

Qnnra nf Pqrìrìrrvr ! ssvJ Rice Processed

I4J

Duncan's }fultiple
Range TestF. Value

r.8
4.2
)R
¿.o
0.3

4.8
to
4.L

3.4
)\
L.4
0.3
no
1.0
4.3

1.8

1?
0.4

/, tr,

3.6

AB
AB
4B
AB

4_B
AB
AB
4B
AB
AB
4B
AB
AD

AB

AB

AB

Curing System C - 3BoC, 95% R.H.
Parching System 1 - Low Temperature (79'C)

Experimental Mean - I - Extremely Acceptable
7 - ExtremelY UnaccePtable

Sforase Time in days - A - 2

B-6



APPENDIX 24. Comparison of Acceptability
Ìrrz Qrzqfom Tl

Score of Eil-een Lake Rice Cured

L44

Duncan's Multiple
Range TestCharacter Íst ícs

S t raÍght
Dark Brown
Split
Mushy
Appearance Acceptable

uf darrJ \ uuur ,f

Swampy
Toasted
^-^-- ^^^^^È^L1 ^n! urlrd ðLLeP Ldule

Burnt
Moldy
Graíny (taste)
Earthy
Bitter
Sweet
Taste Acceptable

Hard
Cohesive
Chewy
Texture Acceptable

After Taste
Obj ectionable

Sample
Accep table

Experimental
Mean

4.2
1.8
?q
4.3

?q
10

?q

a1

') 'l

2<
11

1Q

4.6

?1

4.0

4.1

4.7

F. Value

o(

Q7

6.6

rìa

Q]

tÁ q

1e
0.6
r.4
?R

^7tq

a)
arQ

6.6

D

DA

A

A

D

4
A
Â

Curing System D -
ParchÍng Systems

Experimental Mean - 1
7

15oC, 95"Á R.H.
.-O^A-J_OfU

B - 4 - 790C
c-5- 93'C
D-6-107'C

I 11 O 
^-t-t-LLLV

F-B-135'C
c-g-L49"C

Extremely Acceptable
Extremely Unaccep table
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APPENDIX 25. Comparison of Acceptability
bY SYsten D.

Characteristics
Experimental

Mean

Score of Shallow Lake Rice Cured

F. Value

33. 4
0.8
)^
2.0
4.3

0.8

10. 9
1q

L2.3
1q
,1
0.8
2.r
0.6
4.7

4.5
0.7
?5
)\

1.1

?t

Duncan's Multiple
Range Test

S traight
Dark Brown
Sp1ít
Mushy
Appearance Acceptable

Grainy (odor)
Swampy
Toasted
Aroma Acceptable

Burnt
l'loldy
êrqinrz t'tnetol

Earthy
Bitter
Sweet
Taste Acceptable

Hard
Cohesive
Chewy
Texture AccePtable

After Taste
Obj ectionable

Sample
Acceptable

Curing System D

ParchÍng System

5.7
1.8
4.5
J.4

4.2
L.4
'). )

a1

a1

?n
1A
4.3

3.6
?Q

4.r
1, '7

q5

4.L

15oC, 952 R.H.
/-O^A-J_ OJU

B - 4 - 79"C
^^o^U - ] _ YJ V

D-6-1070C
tr - I - 1)10C.
F-8-135'C
c - 9 - r49"C

;
n

A

F

A

A

D

Experimental Mean - I - Extremely Acceptable
7 - Extremely UnaccePtable



APPENDIX 26. Comparison
by Systems

CharacteristÍcs

S traíght
Dark Brown
Split
Mushy
Appearance Acceptable

Graíny (odor)
Swampy
Toasted
Aroma Acceptable

Burnt
Moldy
Graíny (taste)
Earthy
Bitter
Sweet
Trq't-a An¡onÊal'1 a

Hard
Cohesive
Chewy
Texture Acceptable

After Taste
Obj ectionable

Sample
Acceptable

Curing System D -
Parching System -
Experimental Means

A - Harrop
B - La Ronge
C - Paddy

nf A¡nonf ¡hi-l-i t-*-*** -v
D and 1.

tr'vnorimonf ¡ 1

Mean

Score of trr]ild Rice Processed

146

n,,-^-- | ^ r,r,,l *;^l.rJLrrrcalr s rrru.Lcl_pIe
D--*^ T^^+r\arr6ç IgÞ LF. Value

1-7

?R

11
çn
1a

qn

L.6
4.7
,')
') ')

3.7
')^
5.6

4.0
?q
4.2
3.6

qq

3.2
1) q

nq
L.2

L.O

L4.5
0.3
4.2

0.1
13. B

0.8
1.1
nq
4.7

tq
0.8
0.7
1.0

)9.

+. J

A

A
A

A

Tó

A

A

4

ð

15oc,95Z R.H.
1 - Lor¡ Temperature (79"C)

- I - É..vtromol r¡ Ännanf ¡hl a

7 - Extremely Unacceptable



APPENDIX 27. Comparison
by Systems

Characteris tics

S traight
Dark Brown
Sp lit
Mushy
Appearance Acceptable

fì-^-i --, /'^J^-\u!arrrJ \vuv! /

Swampy
Toasted
Aroma Acceptable

Burnt
Moldy
l]r¡inrz t't¡cta)

Earthy
Bitter
Sweet
Taste Acceptable

Hard
CohesÍve
Chewy
Texture Acceptable

After Taste
^L 

: ^ ^ | i ^- ^L 1 ^vuJ cu L!urldure

Sample
Acceptable

of Acceptabiliry
D and 2.

F.vnprimpnfel

Mean

1Q

4.2
t<
4.3

?q
4.5
1Q
/,4

)')
4.3
?n

'1 0

4.8

4.2
3.4
4.L
4.0

Score of l^lild Rice Processed

r47

Duncan's Multiple
Range TestF. Value

1')

no
4.5
1.1

.\Q

1)
1.0
1-7

14.8
'1 t

^o4.3
0.3
?q

nq
15
1.0
nq

10

A
A

Ã

A

C

C

AB
AB

A

A

Curing System D - 15"C, 957" R.H.
Parching Temperature System 2 - High Temperature (135"C)
Experimental Mean - I - Extremely Acceptable

7 - Extremelv UnaccePtable

A - Ilarrop
B - La Ronge
C - Paddy
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Score of Crowduck Lake Rice ProcessedAPPENDIX 28. Comparison
by System

Characteríst ics

Straíght
Dark Brown
Split
Mushy
Appearance Acceptable

s!4rlly \uuwr /
Swampy
Toasted
Aroma Acceptable

Burnt
Moldy
1-^.î^,, /+^^+^\ur 4rrr)/ \ LéÞ Lcr,

Earthy
B it ter
Sweet
T-^+^ 

^^^^^+-L_l ^rdÞLs öLLePLdufE

Hard
Cohesíve
Chewy
Texture Acceptable

After Taste
vuJ sLLrurrduf ç

Sample
Ànnonfql'la

nf Ännontehilit'-*--*^ *v
E, F, and 6.

tr'vnerimanfe'1

Mean F. Value
Duncanrs Multiple

Range TesL

552 R.H. 75% R.H.

Curíng System E

Curing System F
Parching System

q1
1A
4.2
11

)')
11
a1

1-7
)')

2.0
2.2
2A

4.0
3.0

?q

10"c, 75"Á R.H.
10oc,55% R.H.
- (107'C)

4.6
nq
r.2
2.7
3.0

0. B

0.8
U.J
1.0

tq
tq

0.7
1.0
1.0
L.2
0.8

L.2
0.7

0.7

2.0

A

-q
t

AB
AB

(-

v
AB
ÃB

Â

A

A

A

A

AA

o

Storase Time in weeks - A - 1
B-3
^f.

Experimental Mean - I
7

Extremely Acceptable
Extremely Unaccep table



L49

Paddy Rice ProcessedAPPENDIX 29. Comparison of AcceptabilÍty
by Systems E, F and 6.

CharacterístÍcs
Experímental

Mean

Score of. 75

Tlrrnnrn?q M,rll-inla

R¡noo "loqt

Straight
Dark Brovm
Spl it
Mushy
Appearance Acceptable

Crr í nrz ln¡lar\

Swampy
Toasted
Aroma Acceptable

Burnt
Moldy
Crqinr¡ ltqqtaì

Earthy
Bitter
Sweet
Trql-o Annonf rhl a

Hard
Cohesive
Chewy
Texture AccepLable

After Taste
vuJ sL Lrvrrdu!e

Sample

^^^^-+^L 
l ^óLLeP L4UIç

J.I

3.6

4.3

J. U

tq
?5

r.6
io
)A

)^
))
3.4

3.8

4.2
3.7

/,4

3.8

10oc, 75% R.H.
10oc,55% R.H.
- (107"C)

F. Value

0.4
'lR

)R
0.5

0.4
3.2
1q
6.7

u.o
6.4
0.4
1.1
2.0
0.2
4.r

L.2
ato
0.8
?a

/,o

)1

55% R.H. 75% R.H.

A

4B C

AB C

AB C

AB C

A

A
R

A
ð

A

Curing System E

Curíng System F
Parching System o

Storase Time in weeks - A - 1

B-3
c-4

Experimental Mean - 1

7

Extremely Acceptable
Extremely Unacceptable
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APPENDIX 30. i^lild Rice
(S amP les

Selection by Color Preference
Selected as Flrst Choice on the Basis of Color)

Rice Type

Shallow Lake

Harrop Lake

Lac La Ronge

Paddy

Note: Rice color in
Lake, Lac La

Number of
ResPondents

45

I7

o

2

70

descending order of darkness
Ronge and Paddy.

rvas Shallow

Percent

64 .3

24.3

8.6
)A

100. 0

Lake, Harrop

APPENDIX 31. Wild Ríce Selection hw Si ze Pre.f erencevj

Rice
Type

Lac La Ronge

Shallow Lake

Harrop Lake

Paddy

Average Lengtl-r
I(ernels ín cm.

tn

15

1.0

of Number of
ResPondents

29

23

15

a

70

Percent

4L.4

2L.4

100. 0

N.B. Díameter (width) of rice kernels approximately 0 '2 cm'



APPENDIX 32. Characteristics of Respondents (Z)

Number of Persons Per Household

(3-4)

Number Percent

151

(s - 7)

Number Percent

7 6.5
ta q

L] 100. 00

Characteristics

Professionals
White Collar
Blue Collar
S tudent

Totals

Cl-raracteristics

Professionals
Inlhite Collar
Blue Collar
Student

Totals

Number of Tímes
\^líld Rice is
Served at Home

Once/month
Once/year
2-3 Times lyeax
> 4 Times lyear
Totals

Once/month

No. "/"

7 70

t:o

No.

2

2

5

^nna 
I vøer

vlrue/ t vs!

No. Z-

880
??o

2-3 timesfyear

No. Z-

L4 q? R

More than 4

times/year

No. Z-

(1 .=

Number

2)

Percent

E)
4
I
2

n

4L.1

8.3
L6.7

68. 3
L4.6
2L.2

2B

6
\
2

-LJ

100. 0 ¿+ -L r00. 00

Number of Times tr'lild RÍce is Served at Home

/ ¿o.Y
. 1T (
J II.J
.1QL l.o

L6
3

J

2

66.7

L2.5
8.3

l0 r00.0 10 100.0 26 100.0 24 r00. 0

Number of Persons Per Household

(.L - 2) (3-4) (s - 7)

No.

5

J
tr
J

L2 100. 0 4L 100. 0 L] 100. 0

%

L6.7
L6.7
25 .0
4L.6

No.

4
4

rB
15

%

OR
OQ

43 .9
?Á5

%

29.4
L7 .7
29.4


