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ABSTRACT

Color, cleanliness and degree of breakage are the main quality criteria
for acceptable wild rice. These characteristics can change drastically be-
cause of wide variations in processing procedures. Processing has not been
standardized, and uniform quality standards do not exist for the industry.
This study was designed to improve upon the existing processing methods
and aimed at standardizing 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 investigated using 18 characteristics.

Results indicated that good quality wild rice was obtained when low
temperature curing,controlled humidity and controlled high temperature parch-
ing during processing were used. As curing progressed, color development
increased under favorable conditions. Well controlled parching and curing
systems will not affect total yield and thus ensure optimum yields.

The consumer survey conducted indicated that dark colored, whole and
clean wild rice was more acceptable. However, present high prices generally
limit the use of wild rice to gourmet cooking only.

Results from the flavor analysis showed that wild rice with dark brown
color, straight and split kernels, bland aroma, grainy taste and slight

chewiness was of good quality and was considered to be highly acceptable.

(1)
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INTRODUCTION

Wild rice, (Zizania aquatica) has long been the staple food crop of

the Indians in the Northern Great Lakes Region. This crop was not cultivated
but allowed to grow naturally and then harvested in large quantities from its
habitat in the shallow lakes and streams of the area. Today, due to its limited
supply and unique flavor and color characteristics, wild rice is considered a
delicacy by most North Americans. Even with its high price, $6.00/1b in 1972
(41) as compared to 10¢/1b in 1918 (37), there appears to be a growing demand
for this grain. This demand has encouraged cultivation 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 dramatic, espec-—
ially in the United States. For instance, in Minnesota, it increased forty
fold in five years (12, 15, 41). However in Canada, natural stand harvest
Supplies the lérgest quantity of rice with the production from paddies being
very limited.

When 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 wild rice indicates that it contains 14.10g protein, 6.2mg
niacin and 353 calories per 100g of raw parched product. Other researchers
have stated that it is also rich in the B vitamins, especially thiamine,
riboflavin and nicotinic acid, while being low in Vitamin A and some minerals.

Today, wild rice, although no longer used as a staple food by most of
the Indians, still remains as a major supplementary food and a source of much
needed income for the native people (38, 41). Due to the high price, most
consumers cannot afford to use it as often as they would like to. Yet, de-
spite the high cost, the white man has introduced successful, numerous recipes
for the preparation of wild rice. Now it is used in game-bird stuffings,

desserts and in various other ways. The basic method of preparationof wild



TABLE lw. Composition of Wild Rice and Comparisons With Other Grains.

Calories
Fuel Value
Grain Water Protein Fat Carbon Ash per 1b
Wild Rice
Whole Grain 9.5 12.9 1.0 75.2 1.4 1,625
Ground 13.0 10.9 0.8 74.0 1.3 1,740
Parched Whole Grain 11.2 14.6 0.7 72.3 1.2 1,620
Parched & Ground 9.5 11.5 0.8 76.9 1.3 1,800
Rice, polished 12.3 8.0 0.3 79.0 0.4 1,630
Barley, pearled 11.5 8.5 1.1 77.8 1.1 1,650
Wheat, ¢racked 10.1 11.1 1.7 75.5 1.6 1,685
Oats, rolled 7.7 16.7 7.3 66.2 2.1 1,850
Cornmeal, unbolted 11.6 8.4 4.7 74.0 1.3 1,730
Hominy 11.8 8.3 0.6 79.0 0.3 1,650
Kafir Corn 16.8 6.6 3.8 70.6 2.2 1,595
Buckwheat Flour 13.6 6.4 1.2 77.9 0.9 1,620

*Adapted from - "Wild Rice" - Indian Food and a Modern Delicacy", by Taylor
A. Steeves, Economic Botany. 1952.



rice is by boiling it in water until the rice becomes tender to one's taste.
At the present time, quality standards have not been established for the final
product. Consumers have therefore had to contend with whatever is available
in the market regardless of its quality.

The major problems in the processing of wild rice are 1) ~ the industry
has not become equipped for large scale operations and 2) - much of the under-
standing of the processing operations is based on art and not on scientific
technology. This study was 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) time. 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 REVIEW

Wild rice has served the Indians both as food and revenue for many
Vears. However, no information was ever written concerning their processing
techniques until 3-5 hundred years ago (6, 7, 18, 38). Such information
became available only after the white man migrated to the wild rice regions
in the 18th century (19, 38). At that time, the white man was dependent
on this grain as a staple and winter food. The Indians harvested the rice,
processed it by hand and sold it to the white man until recent years when
he began to manage the production of this grain.

Rapid growth of this new industry has resulted in the need for improved
cultivation and processing techniques. The first commercial paddies were
developed in Minnesota in 1964, and since then, (tables 2 & 3), commercial
wild rice production and processing has expanded rapidly into Wisconsin,

Manitoba, Northwestern Ontario, Saskatchewan, Alberta, and Michigan.

2.1 The Wild Rice Plant

The wild rice plant that grows in the upper Great Lakes region is

known scientifically as Zizania aquatica. It is found throughout the

eastern and northern United States and southern Canada (19, 38). It is
also known by several other names such as Indian rice, menomen, water oats
and marsh oats (8, 19, 38).

Wild rice is an annual aquatic grass. It matures indeterminately,
shatters and therefore the seed has to be harvested in the immature green

stage (8, 19, 25, 38).

2.2 The Wild Rice Kernel

A kernel of wild rice will range from 1-3 cm long and 2-4 mm in
diameter. It is almost cylindrical with a slight indentation along

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



TABLE 2. The Production of Wild Rice in Minnesota from 1973-75.

Year Acres Unprocessed Grain (1b)
Natural Stands

1973 - 1,000,000

1974 - 550,000
1975 - 100,000

Cultivated Fields (Paddy)

1973 18,000 3,000,000
1974 13,000 2,700,000
1975 13,000 3,200,000

Courtesy of University of Minnesota, Department of Agronomy and Plant
Genetics. April, 1976.




g)

.43

.20

.41

.65

.54

.99

.99

TABLE 3%. The Price and Supply of Green Wild Rice in Manitoba from 1966-74.
Green Rice Approximate price

Year Natural Stand (kg) to Harvestor (kg)
(1) (ke) (1b) (k

1966 (119,126) 54,036 $.(1.10) 2

1967 (593,000) 268,984 (1.45) 3

1968 (230,000) 104,328 ( .64) 1

1969 (160,000) 72,576 .75 1

1970 (145,000) 65,772 ( .70) 1

1971 (470,000) 213,192 ( .45)

1972 (678,000) 307,540 ( .45)

1973 (624,000) 283,046 ( .50) 1

1974 (est.) (102,000) 46,267 -

*Adapted from Wild Rice Production in Manitoba by D. Punter et. al. No. 527.

.10

1975.



coat of the kernmel is a thin, pigmented layer known as the pericarp

(Figure 1). Covering the whole kernel is a thin outer
sheath called the hull. One end of the hull tapers to a bristly hair-

like point called the beard which is usually about as long as the kernel.
The hull clings tightly to the kernel but must be removed during processing.
Freshly harvested grain contains about 35-40% moisture (22, 41, 42) and

has a pliable kernel that is dark-brown to black in color when fully mature.
After processing, the kernel contains 7-11% moisture and the endosperm is

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
in processing wild rice has been reviewed thoroughly by Chung, 1975 (10).
The traditional harvesting method involved two individuals in a canoe,
one maneuvering the canoe through the rice stand and the other bending wild
rice stalks over the canoe and striking them with a stick, causing the
mature seeds to fall into the canoe (8, 19, 38, 41). This technique is still
in use today by native people but is gradually being replaced (15, 33, 41).
After harvesting rice was cured (dried) by one of three methods: (1)
- rice was spread in a thin layer and exposed to the sun for several days:
(2) - rice was placed on grass mats hung 3 to 4 feet above a slow-burning
smokey fire for 1 to 3 days: (3) - a few pounds of rice was put into a
kettle and heated at a high temperature for 15-30 minutes with constant
stirring (8, 19, 28, 41). The latter method was called "parching'" and
produced rice with the best flavor (3, 8, 19, 38, 41). Often times rice
was sun—-dried for a few days and then parched.
After curing, rice kernels became hard and hulls were brittle. This
permitted the hulls to be removed by a rubbing action, which was accomplished

in one of three ways: (a) - putting the rice into a shallow hole and having



FIGURE 1. The Wild Rice Kernel.




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

it with a pole; or (c) - putting rice in a bag or on a blanket and beating
it with sticks. After dehulling, chaff and kernels were separated by
winnowing (19, 38). Following this operation, rice was ready for storage

or to be cooked and consumed.

2.4 Modern Processing Methods

Modern wild rice processing accomplishes the same purposes as tradi-
tional methods but involves a higher degree of mechanization. Processing
techniques and equipment designs vary among processes although they are
similar in all respects. The basic steps of processing are: harvesting,
storage (curing), parching, hulling, winnowing (cleaning), grading (size
separation) and packaging (8, 10, 13, 38, 41, 42). Special machines called
speedheads have been adapted to harvest natural stand wild rice (Figure 2),
(13, 38). Paddy rice is harvested by rice combines after draining of the
paddies (41, 42). The harvested rice is packed into cloth or plastic bags
and transported by truck to the processing plant (41, 42).

The rice is usually stored (cured) from 1-5 weeks either outdoors
or in sheds. The purpose for this is twofold: (a) - to mature the green
rice and (b) - for storage since the equipment used in the subsequent
steps is not of a size 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 12-14 weeks. Even under these conditions the plant and equipment lie
idle for the rest of the year (8, 13, 14, 32, 38, 41, 42).

During curing, the green rice is spread out on the ground and piled
up to a height of 1-3 feet (15). The rice is stirred and turned over
every day and then watered when necessary, throughout the curing period

(10, 15, 41). The purpose of this practice is to prevent any excess heat
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accumulation in the rice pile, dissipate moisture, and retard mycelial
growth (15, 20). Under these conditions of storage, a combined enzymatic
and microbial fermentation occurs, resulting in several important changes
in the rice, namely: (a) - development of a darker color in the kernels;
(b) ~ development of acceptable flavor; (c) - easy removal of the hull
after parching; and (d) - a decrease in the final yield of finished rice
(10, 15, 41). These factors will be discussed in more detail in the next
Section.

Parching is generally carried out in mechanically rotated, horizontal
steel cylinders that are heated by gas. Inside these drums are steel
paddles for stirring the rice to prevent scorching (15, 22). Parching
may also be done in stationary barrels with paddles rotated mechanically to
mix the rice. This method does not dry or prevent scorching of rice as
efficiently as does the rotating drum method (15, 22).

After wild rice is dried to contain about 10% moisture, it is hulled,
usually in a rice huller equipped with two rollers that rotate at different
speeds (7, 15, 35, 38). The hull is stripped from the kernel when the
rice grain passes between the rollers. This is a critical processing
phase due to the fact that the kernels' long thin shape makes them easily
susceptible to breakage. How successfully and efficiently rice is hulled
depends largely on the uniformity of the grain, storage and curing treat-
ment and parching conditions (10, 15, 35).

Modern cleaning (winnowing) of wild rice is accomplished by using
commercial seed-cleaning aspirators (15, 22). After cleaning, the wild
rice is size-graded into whole, cracked and unhulled fractions using
gravity tables or sizing screens (15, 22, 41). The finished rice is

packaged and stored in a similar manner as done for other dried grains.
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2.5 Curing (Fermentation) of Green Wild 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 high cost of processing equipment (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 daily for a period of 2-6
weeks while the kernels mature, i.e., develop a darker color (10). The
immature kernels that must change color are those which have a green to
light brown pericarp at the time of harvest. During the curing process,
this green to light-brown color changes to dark brown or black if curing
conditions are favorable (10, 15, 20, 22). The curing process is thus
necessary to ensure a more uniform dark colored product, since after
harvesting, 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 completion
of the ripening process during curing (10, 15, 22, 41, 42)., However, if
the harvested kernel is not near maturity, ripening enzymes are not yet
present and the color change does not occur (10, 15).

The ease of hulling is also regarded as an important factor in 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 efficient operation, results in less breakage and hence,
better yield (10, 15, 41, 42). The increase in hulling efficiency, at
the present time can only be attributed to cellulolytic enzyme action
in the hull during the curing period (23).

The development of acceptable flavor in wild rice is also achieved
during the curing process (10, 41, 42). Uncured wild rice normally has

a bland grassy unacceptable flavor (10, 15, 22, 41, 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 "gamey" flavor
characteristics (15). Microorganisms could be important in the develop-
ment of wild rice flavor, since curing conditions are generally conducive
to their growth (15, 20). Molds could also be important in the develop-
ment of the fermented flavor of wild rice since they thrive during curing
(35).

Unfortunately, the presence of mold mycelia in curing wild rice has
been associated with and attributed to undesirable and unacceptable moldy
flavors in the finished rice plus possible development of aflotoxins (10,
15, 23).

Another result of curing is a decrease in rice solids towards:the
end of a lengthy curing period (10, 15, 41, 42). This is caused primarily
by respiration activities in the grains and partly by the growth of micro-
organisms (15). The significance of microorganisms in causing a loss in

rice yield was reported in Logan's M.Sc. thesis research.

2.6 Cooking Studies and Kernel Fragility

Consumer acceptance and preference, with respect to eating and cooking
qualities are important in 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 conformation and remain separate after
cooking. Others prefer rice that cooks moist and chewy with the grains
tending to cling together (37). Since different groups of people prefer
various cooked textures, there is a demand for all types in the market (37).
Taste panel works conducted by Chung (1975) and University of Wisconsin (40,
41) have indicated that processing techniques affect the cooking properties

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

parching temperatures on the quality of cooked wild rice.

2.7 Sensory Evaluation

Every food processor is 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 wild rice. At
the present time, numerous processing methods produce finished rice with
great variations in appearance and taste (41, 42).

Pfaffmann (1961) has noted that the senses of taste and smell have one
unique property: they can and do instigate strong acceptance or rejection
responses (1, 30, 31). Hence the evaluation of wild rice by means of these
attributes is undoubtedly appropriate. Wild rice flavor is one of the
major factors in judging the quality of the finished product (41, 42).

The first flavor profile for wild rice was through taste panel studies
in 1970 by the University of Wisconsin. This group reported that the flavor
of wild rice included the following characteristics: bland, grassy, tea-like,
moldy, earthy, swampy, bitter, toasted, raw, starchy, grainy and uncooked.
In 1975 Chung developed the second wild rice profile. This was modeled after
the Wisconsin system, and consisted of 24 parameters. Both the Wisconsin
group and Chung have reported that, acceptable flavor in finished wild rice
is affected by processing techniques; especially curing time and tempera-
ture, as well as parching temperatures. These studies also indicated
that mature wild rice kernels have a more acceptable flavor than immature
kernels.

Therefore, the objective of this sensory evaluation was to determine
a final and precise flavor profile that best describes good quality finished

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

One of the first needs of a developing industry is to determine
Consumers preference for quality and grade. With such knowledge, it will
be possible to control production and processing to adapt the desired
product to market demands.

Consumer reactions are difficult to measure (18, 29) but the neces-—
sity for such studies will continue to grow as competition for the con-
sumer food dollar increases. Consumer reactions may be measured in two
ways: (a) - by consumer preference studies and (b) - by consumer practice
studies. This is because, those who prefer may not be those who buy (1).
Preference studies are designed to determine consumer's subjective reac-
tions to external phenomena, and their reasons for having them. Practice
studies are designed to determine 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 living 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, "status value", snobbery etc.

Many complex factors combine to influence the public's acceptance
and selection of food (1, 40) (Table 4). The major factors however, are
appearance, flavor and cost.

Appearance probably has the greatest initial influence since visual
properties significantly control selection of the item from many others
that may be displayed (1).

Flavor is mentioned by a large number of consumers as the reason for
overall preference and continued use of a product. Oncethe food has been

tasted, color and texture become secondary to flavor (1).




TABLE 4%, Factors Influencing Acceptance and Preference.

Attributes of the Food Product

1. Availability

2. Utility

3. Convenience

4. Price

5. TUniformity and dependability

6. Stability, storage requirements

7. Safety and nutritional value

8. Sensory properties

(a) Appearance

(b) Aroma and taste

(c) Texture, consistency
(d) Temperature

(e) Pain

*Adapted from "Principles of Sensory Evaluation of Food" by Amerine et. al.

Attributes of the Consumer

Regional preferences
Nationality, race

Age and sex

Religion

Education, socio-economics
Psychological motivation

(a) Symbolism of food
(b) Advertising

Physiological motivation

(a) Thirst

(b) Hunger

(¢) Deficiencies

(d) Pathological conditions

1965.
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Price is an important limitation to the freedom with which the con-
sumer selects foods. Consumer buying behavior for a canned product in-
dicated that 68% of 179 families selected a certain brand on the basis
of flavor, whereas 59% of the 128 families who selected a minor brand did
so on the basis of a lower price (1, 17, 29, 31). The price of wild rice
in 1972 was $6.00/1b (41) as opposed to $2.54/5 1bs of polished white
rice in the same year. Whether 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 influencing consumer reactions to foods are: interest,
motivation, discrimination, regional preferences, age, sex, ''status value"
etc. (1, 31).

At the present time no information or standards exist with respect
to consumer preference of wild rice. Hence, this survey was conducted

to determine consumer preferences and practices for finished wild rice.
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3. Materials and Methods

The department purchased 91.0 kg lots of green lake rice from each
of the following lakes: Eileen, Harrop, Shallow and Lac la Ronge; and
91.0 kg of green paddy rice from Sprague in September, 1974. These lots
were put in frozen storage at -40°C, and processed in early 1975. 1In
September, 1975 the Department purchased another 45.5 kg of green rice
from Crowduck Lake; 22.8 kg from Booster Lake and 91.0 kg green paddy
rice frbm Sprague. This lot of rice was also processed after three
months storage at -40°C.

Two controlled environment cabinets (P.M. Industries, ENCON. Division,
Wpg.), a two-burner coffee roaster (Jabez Burns), and a small huller util-

ized in this study have been previously described by Chung (1975). The

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

and temperature control and permitted 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 g of
cured rice. The units were heated by manually controlled gas jets; rotated
at a speed of 55 rpm and were powered by a 1/6 hp electric motor (Figure 4).

The single roller huller (Figure 5) (designed by the Plant Science De-
partment, University of Manitoba) was powered by a 1/6 hp electric motor.
This unit consisted of a steel roller covered with rubber which rolled
against a firm wall also covered with rubber. The gap between the roller
and the wall could be spring adjusted according to the size of the product
being hulled. The abrasive action encountered by the rice passing through
the gap was sufficient to remove the hull. After passing the gap the rice
kernels and the hulls encountered an air stream generated by a fan which

was sufficient to separate the two fractioms.,



19

A R

B A—

The Controlled Environment Cabinet.

FIGURE 3.
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3.1 Curing and Parching Studies

These experiments were designed to determine the optimum and most
efficient systems for processing wild rice. Chung found that low curing
temperatures were the most ideal for producing high quality rice. He
also reported that parching temperature affected especially, yield and
overall quality of finished wild rice. However, Chung did not study the
interaction between curing temperature and humidity. His research also
failed to establish an optimum parching condition (temperature) for wild
rice. Therefore, the purpose of this research was to establish those
conditions of curing and parching wild rice that would produce high quality
finished rice.

The wild rice cured utilizing systems A, B, and C were parched by
1 and 2. The Lac la Ronge, Harrop Lake and paddy wild rice cured with
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 were parched by system 6.

The purpose of using two different temperatures for parching
was to facilitate comparison of results with the previous work carried
out by Chung. The low temperature used was just above gelatinization tem-
perature of wild rice and the high temperature was just below the maximum
recommended parching temperature (41, 42). 1In addition, a series of tem-
peratures, ranging from below the gelatinization temperature of wild rice
to above the recommended maximum parching temperatures, were investigated

in order to select the optimum parching temperature for wild rice.
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3.1.1 Curing Studies

The variables studied in these experiments included temperature,
humidity, storage time, and type of wild rice and were designed as

follows:

System A. Temperature 3°C
Relative Humidity 95%

Rice Type - Paddy wild rice, Lake wild rice from Eileen,
Harrop, and Shallow Lakes and Lac la Ronge.

Storage Time - 9 weeks.

System B. Temperature 5°C
Relative Humidity 95%
Rice Type -~ Paddy wild rice and Shallow Lake wild rice.

Storage Time - 7 weeks.

System C. Temperature 38°C
Relative Humidity 95%
Rice Type - Paddy wild rice and Shallow Lake wild rice.

Storage Time - 6 days.

System D. Temperature 15°C
Relative Humidity 957

Rice Type — Paddy wild rice and Lake wild rice from
Eileen, Harrop and Shallow Lakes and Lac la Ronge.

Storage Time - 4 weeks.

System E. Temperature 10°¢C
Relative Humidity 75%
Rice Type - Paddy wild rice and Crowduck Lake wild rice.

Storage Time -~ 4 weeks.

System F. Temperature 10°C
Relative Humidity 55%
Rice Type - Paddy wild rice and Crowduck Lake wild rice

Storage Time ~ 4 weeks.
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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 were selected because they represented the range
encountered by wild rice processors (15° - 38°C and variable relative
humidity) or were recommended by previous researchers (3, 5 and 10°C

and high relative humidities) (10, 15, 41).

3.1.2 Parching Studies

Parching temperature, time, curing environment and the type of rice
were the variables studies in these tests. The various parching systems

were designed as follows:

System 1. Low Temperature Parching -
Rice at room temperature was gradually raised to 79°C

and parched for 50 minutes in the coffee roaster.

System 2. High Temperature Parching -
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 65°C

and parched for 70 minutes.

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

and :parched for 55 minutes.

System 5. Rice at room temperature was gradually raised to 93°C

and parched for 45 minutes.

System 6. Rice at room temperature was gradually raised to 107°C

and parched for 40 minutes.
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System 7. Rice at room temperature was gradually raised to 121°C

and parched for 30 minutes.

System §. Rice at room temperature was gradually raised to 135°C

and parched for 25 minutes.

System 9. Rice at room temperature was gradually raised to 149°C

and parched for 20 minutes.

3.2 Experimental Procedure

The wild rice purchased for these studies has been previously de-
scribed in Section 3. When specificsamples of rice were required, these
were removed from frozen storage and thawed at room temperature, (usually
about 10-24 hours) then thoroughly washed in cold water to remove gravel,

worms, insects and plant debris.

3.2.1 Experimental Design for Curing

For specific trials, 24.0 kilograms (kg) of wild rice (for each rice
type) were subdivided into 3 lots of 8.0 kg and placed into cylindrical
metal containers (61.0 cm X 30.5 cm) to a depth of approximately 30.5 cm.
The cylinders were perforated on the bottom with 16, 0.32 cm holes.

All rice samples cured by systems A, B, C, and D were treated as above.
Rice samples cured by systems E and F were handled as follows: each rice
type was divided into two sub-samples. One sample was the unwashed control
(mixed fraction), the other was washed in a cold water system in order

to separate the rice into two fractions. (This research was part of Leung's
M.Sc. thesis program (44). The heavier rice (mature fraction) sank
while the lighter (immature) fraction floated and was removed. The weights

of these fractions were recorded and will be utilized in Leung's thesis.
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The unwashed control, mature and immature fractions were cured as

described in Section 3.1.1 by Systems E and F.

3.2.2 Experimental Design for Parching

For the purpose of determining the optimum curing time, samples
were removed from the curing enviromment as described below and were
parched as outlined in Section 3.1.2.

The parching study started at 0 time 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 to the end of storage. Samples were removed every second day,
starting at O time for System C. For System D, an optimum storage time
was selected and the remaining types were parched at that one time.
There was not sufficient sample for the immature fraction from Systems
E and F to have continuous parching, This was parched at 0 time and at
the end of storage while the mature and mixed fractions(unwashed control)
were parched as described for Systems A and B. For each parching study the
rice. types were replicated as follows: rice was removed at random from the

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

3.3 Curing and Parching Techniques

Wild rice should be turned (stirred) and watered periodically to
prevent heat build~up in the rice pile and to ensure even distribution
of moisture in the rice pile (10, 15, 22, 41, 42). These are also tech-

niques used in the industry.

3.3.1 Curing Techniques

The rice had uniform moisture distribution as a result of washing

and therefore was watered only when it appeared to be dry. The rice
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cured under Systems A and B were turned every second day for the purpose
of increasing aeration, reducing bed temperature and helping to prevent
mold growth. The rice cured with systems C, D, E and F systems were
turned every day. The moisture content of the rice was determined at

the beginning and at the end of curing. The temperature of the wild rice
bed was monitored throughout all curing studies as follows: glass mercury
thermometers were inserted into the center of the rice bed of each con-
tainer and left until a constant reading was attained. This temperature
was then recorded. The desired temperatures and humidities were set by
control in the cabinets one week prior to use in order to equilibrate

conditions and were monitored daily after the experiments were started.

3.3.2 Parching Technique

The temperature of the rice bed for each unit of the coffee roaster
was monitored throughout the entire period of parching. Thermocouples,
composed of copper and constantan were positioned in the center of the
rotating unit and were coupled with a thermoelectric multipoint recorder.
This system was standardized by means of a Thermoelectric Minimite with
reference to a thermocouple temperature — millivolt table prior to ex-

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

1. The moisture content was determined by the vacuum oven method (2).
2. The samples were weighed prior to and after hulling.

3. 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
were used were 0.31 cm X 1.875 cm (8/64 din. X 3/4 in.) and a No. 8
mesh for Lake rice while a 0.113 cm X 1.25 cm (1/22 in. X 1/2 in.)

was used for paddy rice.
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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 Hulling Studies

All hulling was carried out within twenty four hours after parching.
This is necessary with respect to ease of hulling and reduced kernel
breakage (10, 22, 41).

The effect of the various curing and parching systems on the ease
of hulling was evaluated by qualitative means. After cleaning (Section
3.3.2) the yield of rice for each treatment was calculated as follows:

Percent yield of finished rice = weight of hulled rice*
weight of cured rice¥**

X 100

*Weight of hulled rice was the combined weight of broken and whole kernels.

**This was always 250 g.

3.5 Color Analysis

In the wild rice industry, suitable color development has been des~
ignated as one of the primary quality factors which determine the market
value of wild rice (22, 24, 41, 42). However, there is no standard
method yet established for wild rice color measurement. The Hunter Lab
Model D25 Color Difference Meter has been widely used for the measurement
of color of grains. It has been used to measure the color of polished
domestic rice in the rice industry (37), and has also been used for the
determination of wheat class and grade (24, 34). A detailed description

of color measurement has been presented in Chan and Gerbasi's theses (9, 16).

3.5.1 Procedure for Color Analysis

For color measurement of the wild rice in this study, three color

values were used to calculate the total color difference of each rice
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sample compared to a color standard. The overall (total) color difference
(4E) indicates the difference in color between the specimen and the color
standard. The larger the AE value, the larger is the color difference

between the sample and the color standard.

3.5.2 Experimental Design for Color Analysis

A good finished wild rice should have a dark-brown to black color.
Consequently, a white color standard plate was chosen as the reference,

with the following value:

L = 93.8
al, = -1.1
bL = 2.3

The difference of each color component has a value of AL, Aal and 4bL

and4 E is calculated from these values by means of the following equation:

8t = Vian)? + wan)? + (o) 2.

3.5.3 Techniques for Color Analysis

All samples obtained from all processing systems in this study were
analyzed for color as follows:

(a) Approximately 40.0 g of clean finished wild rice, from each
sample, was placed in a clear glass container (especially designed for
the Color Difference Meter).

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

(c) The AE value was then calculated, for each sample, from the

data obtained from (b) above.

3.6 Cooking Study and Kernel Fragility

The cooking properties of finished wild rice are important in the overall
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acceptance of this grain. This study was conducted to determine which
parching temperatures produce acceptable cooked rice. The effects of

parching temperatures on kernel fragility were also investigated.

3.6.1 Cooking Study Procedure

All wild rice samples used in this study were 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. Eileen Lake and Shallow Lake (1974) wild rice
were selected as the ricée types to be used. Following curing, parching
and hulling, whole kernels were separated out from the whole samples

and were treated as outlined below.

3.6.2 Experimental Design for Cooking

For each parching system, there were 3 replicates for each rice type
and each curing system. The 3 replicates were mixed and then 2 sub-samples
composed of 100 whole kernels each were drawn and weighed. Water amounting
to 7 times the weight of each sub-sample was added and then the mixture
was cooked (40). All sub-samples were cooked for 45 minutes (same cooking

time as used for taste panel work).

3.6.3 Cooking Techniques

The sub-samples were cooked in a Corning gourmet double boiler as
follows:

(a) Each sub-sample was washed three times with clean tap water.

(b) The amount of water required for each sub~sample was placed in
the boiler and brought to a boil before the rice was added.

(c) During cooking, the water temperature was maintained just at

boiling point.
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(d) After 45 minutes of cooking time, any excess water was drained
off by means of sieves.
(e) The cooked kernels were than grouped according to the following
categories:
(1) whole and intact
(ii) whole and split
(iii) straight
(iv) curled

and then counted. These counts were then recorded.

3.6.4 Procedure for Kernmel Fragility Study

All wild 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 randomly selected from the combined
triplicate samples (as in Section 3.6.2) for each rice type. All sub-

samples were then handled in the following 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 were vertical fissures in the kernel
that were liable to break apart upon hulling or cooking. The number of
kernels containing stress points were counted and recorded for each sub-

sample.
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3.7 Sensory Evaluation

The main objective of this study was to improve upon and finalize the
characterization of the appearance, aroma, texture and flavor of (cooked)
wild rice. This profile was used to evaluate the quality of finished wild
rice that was obtained from the processing studies. It was anticipated
that this profile would be a standard guideline for wild rice processors
and consumers. A group of 8 trained panel members were asked to evaluate

the rice samples according to the established profile guidelines.

3.7.1 Experimental Procedure and Panel Training

A total of 330 replicates were obtained from all rice types used in
all the processing systems, and it was not possible to test all of these
in the sensory studies. Of these, 87 replicates were used in the sensory
evaluations and were selected on the basis of previous studies carried
out on the flavor and acceptability of wild rice. These studies conducted
by Chung (1975) and the University of Wisconsin (1973) indicated, for ex-
ample, that wild rice cured at high temperatures eg 38°C, were highly
unacceptable after an extended curing period. 1In addition, many replicates
were considered to have received very similar treatments and therefore, a
representative replicate was selected.

Eight students and staff from the Food Science Department who were
trained in 1974 (for Chung's research) were retrained to identify the
flavor characteristics of wild rice. 1In 1974, panel training sessions
were held twice a week for 4 months. The panelists held a discussion

period after each training session during which the various sensory

characteristics were identified and discussed. Twenty-four descriptive

words derived from these training sessions were utilized as the basis



33

for the format of the ballot used in the 1975 study 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)
was constructed and represented the sensory characteristics of wild rice
as established by the panel. These scales were classified under five
categories, namely: appearance, aroma, taste, texture and after—taste.
The overall acceptance of a wild rice sample was based on the evaluation

of these categories.

3.7.2 Sampling Design and Techniques for Sensory Evaluation

The replicates selected for the sensory evaluations are presented
in Table 5. There were three replicates for each curing time, each
parching system and each rice type except for paddy rice which had only
two replicates because of the very low yield of whole grain rice. Rep-
licates were randomly selected and were prepared as follows:

1. TFour samples of 40.0 g each were weighed out for each taste
panel session.

2. TFor 40.0 g of rice, 280.0 ml of water were used for cooking (40).

3. Each sample was washed thoroughly with clean tap water before
cooking.

4. The 280.0 ml of water was measured into a Corning gourmet dduble
boiler and brought to a boil before the rice was added.

5. During cooking, the temperature of the water was maintained
just at the boiling point.

6. After 45 minutes of cooking time, any excess water was drained

off by means of sieves.



TABLE 5. Samples Used for Sensory Evaluation of Finished Wild Rice.
(These were common for both Lake and Paddy rice and for
parching systems 1 and 2.

Curing Length of Curing Period in Weeks
Temperature °C
3° g o 2 3 6 71 & 9
5° b © 2 B « B 6 [
10° ol W 2 B K
15° o o 2 3 [4
Length of Curing Period in Days.
38° ol 1 R 3 & 5 [g
Parching Systems
30 3] s A B 9
15° ] /5] Z Bl M

[] Samples used in the taste panel work.
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7. A tablespoonful of cooked rice from each sample was placed in
a 60ml 1ily cup and was served immediately to ensure that the rice was
still warm while being tasted.

8. One 240 ml cup of water was provided for each panelist for the
purpose of rinsing his/her mouth between and after samples,

For tasting, 4 samples were presented at the same time to each judge
for evaluation at each taste panel session. Panelists were required to
follow directions as described in Appendix 1 and evaluate each sample
according to the descriptions on the ballot (Appendix 2).

Eight judges were used throughout the sensory evaluation panels
and 6 were utilized at each session. All the panel results were anal-
yzed statistically by the randomized block design (1) and computer

analysis.

3.8 Consumer Survey

To date, wild rice processors have relied on the "good name" of
wild rice, (as being a good grain with unique flavor for special gourmet
dishes) in selling their products. As a result, no attention has yet
been paid to consumer preferences and/or practices for wild rice. 1In
view of the fact that no information and data exists now on consumer
reactions to wild rice, this survey was conducted to a) determine
how often wild rice is used by those who purchase it, b) how the rice

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

3.8.1 Procedure for Survey

All respondents were chosen from the city of Winnipeg, because it
was anticipated that since Manitoba has one of the largest wild rice

producing areas in North America, the people in this province would be
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more knowledgeable in the use of this grain. All respondents were con-
tacted by telephone and were told that this was a survey, (on the use
of wild rice), conducted by a graduate student from the University of
Manitoba. Those respondents who were willing to participate were asked
a series of questions to ensure that they met at least 2 of the following
criteria:
1. that the respondent did most of the shopping for wild rice 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 70 respondents were obtained this way and interviewed.
The characteristics of respondents are described in Appendix 3 and illus-—
trates the distribution of participants by employment, education, age

and family size.

3.8.2 Design for Consumer Survey

A 17 point questionnaire was used to determine consumer purchasing
habits for wild rice (Appendix 4). The questionnaire was designed also
to obtain information on cooking habits, frequency of use and general
knowledge of the grain.

The first 4 questions were designed to select respondents. The next
section dealt with the description of wild rice shopping habits, namely
frequency of purchasing and criteria for selection; cooking methods and
source of information on cooking wild rice was also investigated. The
next section dealt with preferences with respect to color, cleanlinesé,
and general knowledge of good grain wild rice. The last part of the

questionnaire dealt with the biodemographics of the respondents,
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3.8.3 Techniques Employed for Consumer Survey

All dinterviews were conducted by 1 person, over a period of 4 weeks
(between the months of Jan. and Feb. 1976). Each inteview required
approximately 1 hour (ie including the telephone conversation). All
respondents were shown samples of finished wild rice (processed in this
study) at one point in the interview. Hence it was necessary to meet
each respondent in person, usually in their home, in order to obtain the
required information. One paddy rice and three lake rice samples were
used for all interviews. All answers given by respondents were noted
down by the interviewer. All the interview data were analyzed by counting
the various descriptive characteristics of the population under investi-
gation. For the consumer preference study, statistical analyses consisted
of finding a Chi Square relationship between rice types and the dimensions

(ie color, size etc) in question as judged by the consumer.
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4. Results and Discussion

The studies on the processing of wild rice were carried out between
Jan. 1974 and Feb. 1976. The main objectives of this research, as stated
before, were to investigate the effects of curing systems on wild rice
quality by varying: 1. temperature, 2. humidity, and 3. storage time.
The effects of parching systems on wild rice quality were also investigated.
The quality of the finished product was then evaluated by yield analysis,
color analysis, sensory evaluation and consumer preference tests. It
was also possible to compare the effects of the various processing systems

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

4.1 Observations of the Curing 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 systems A and B, curing
was a success. The physical appearance and odor were acceptable to the
end of seven weeks curing although color changes were slow and minimal
in all rice types. Germination was observed in both lake and paddy wild
rice at the end of 7 weeks curing period. This phenomenon indicated that
both the lake and paddy rice were still physiologically active at the
later stages of curing.

Wild rice cured by system C showed rapid color and odor changes.
Physical deterioration apparently was 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 was no detectable odor
at the end of the curing period, whereas a strong objectionable odor was

evident within three days of curing by system C.
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Wild rice cured by systems E and F also showed no detectable un—
pleasant odor throughout storage. The physical appearance and color
were acceptable throughout the curing period. No sprouting was ob-
served but molds were 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 weeks curing.

The development of acceptable color in all rice types was as follows:
Shallow Lake, Eileen Lake, Harrop Lake, Crowduck Lake, Lac la Ronge and
Paddy rice, 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; whereas the Lac la Ronge and
Paddy rice appeared very green initially.

Factors which caused the termination of a curing study for all rice
types were noted as follows: soft milky kernels (ie physical deterioration
of kernels), color fading, sprouting or germination and reduced volume (vield)
of rice. These factors were evident at the end of 9 weeks and 7 weeks of
curing by systems A and B respectively. Slimy texture, dirty appearance
and strong swampy odor were the undesirable factors that caused termination
of curing by System C. Mold growth in the rice pile was the determining factor
for terminating curing by systems D, E and F. Reduced volume (yield) although
insignificant was noted in all rice types towards the end of all curing

periods (except lake rice cured by systems E and F).

4.1.1 Rice Bed Temperature

The bed temperature of the rice cured by systems A and B showed very
little fluctuation from the control temperatures throughout the entire
curing period (Figs. 6-10). The temperature rose to 14°C for lake rice

(Figs. 6, 8, 10) and 16°C for Paddy rice (Figs. 7 and 9) in the first



FIGURE 6.
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FIGURE 7.

Rice Bed Temperature of Lake Wild Rice Cured at 3°C
and 957 Relative Humidity (Lac La Ronge).
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FIGURE 9.

Rice Bed Temperature of Lake Rice Cured at 5°C
and 95% Relative Humidity (Shallow Lake).
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FIGURE 10. Rice Bed Temperature of Lake Wild Rice Cured at 3°C
and 95% Relative Humidity (Harrop Lake).
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FIGURE 11. Rice Bed Temperature of Lake Wild Rice Cured at 15°C

and 95% Relative Humidity (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 period.

When systems C and D were used a higher bed temperature was recorded
for both Lake and Paddy wild rice (Figs. 11-15). Under system C, bed
temperature ranged from 17°C to 45°C for Lake rice (Fig. 12) and 19°C
to 50°C for Paddy rice (Fig. 13). TFor system D, the temperature ranged
from 14°C to 19°C for Lake rice (Fig. 11) and 17°C to 20°C for Paddy rice
(Fig. 15).

The bed temperature of rice cured by systems E and F (Fig. 16-19)
showed no significant fluctuation from the control temperature during
curing, although a slight increase in bed temperature was observed during
the last week of curing. The temperature ranged from 9° to 13°C for Lake
rice (Figs. 16 and 17) and 9°C to 15°C for Paddy rice (Figs. 18 and 19).
It appeared that the mature fraqtion for both Lake and Paddy rice main-
tained a slightly higher bed temperature than the mixed and immature

fractions (Fig. 16, 17, 18, 19).

4.1.2 Effects of Relative Humidity

The relative humidities evaluated in this study were 95% (Chung 1975),
75% and 55%, while the temperature was kept constant at 10°C. Changes in
bed temperature when rice was held at 10°C and 95% relative humidity
(Chung 1975) appeared similar to those observed in rice cured at 5°C
and 95% relative humidity (System B) for all rice types. While under 95%
relative humidity, undesirable factors such as slimy texture, dirty appear-—
ance, soft milky kernels, decreased volume (yield) and swampy odor were
detected in the last stages of storage; none of these factors were observed
when 75% and 55% relative humidity were utilized. As mentioned before,

termination of curing at the lower humidity levels was caused by the



FIGURE 12. Rice Bed Temperature of Lake Rice Cured at 38°C
and 95% Relative Humidity (Shallow Lake).
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FIGURE l4. Rice Bed Temperature of Lake Rice Cured at 15°C
and 95% Relative Humidity (Lac La Ronge).
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FIGURE 16: Rice Bed Temperature of Lake Rice Cured at 10°C
and 75% Relative Humidity (Crowduck Lake).
IS
&)
)
LL’ S
5
7
= 10
< [
o \ v yq‘\ﬁ %\ I’
L Y ¥ beod L)
o -
o
| 5k
]
uJ
m
L
O
E ool 1 1 1 1
O 10 20 30
DAYS OF CURING
o 5
o
L
& -
Ez I? ?
&' & ¥ 4
= I10F ' v A e
L Lool” ¢
% | X3eg
L
—
o 5 ’ :
L) e-—-o Mature Fraction
" *¥—=X Mixed Fraction
Q o——o |mmature Fraction
=) ¥ S N N S B
0 0] 20 30
DAYS OF CURING
FIGURE 17: Rice Bed Temperature of Lake Wild Rice Cured at 10°C

and 55% Relative Humidity (Crowduck Lake).

46



FIGURE 18: Rice Bed Temperature of Paddy Wild Rice Cured at 10°C
and 757 Relative Humidity.
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FIGURE 19. Rice Bed Temperature of Paddy Wild Rice Cured at 10°C
and 55% Relative Humidity.

47



48

detection of mold growth in the rice piles. Also very high moisture content
was observed in rice types cured by 95% humidity. On the other hand, mois-
ture content of rice remained fairly constant in Lake rice when 75% and

55% were used (Tables 6 & 7). The moisture content of Paddy rice cured

by 75% and 55% humidity decreased by approximately 6% as curing progressed.
The moisture content of Crowduck Lake rice cured at 55% remained less than
40% (38.6%) throughout storage and as such caused '"white centers'" in this
batch of rice. The factors causing white centers will be discussed later.

Wild rice must be well handled during curing to give a good quality
finished product. Rice bed temperature was an important indication of
good control during the curing period. The primary factors that contrib-
uted to changes in bed temperature included: 1. type of rice, ie Lake,
Paddy; 2. specific genotype of rice, "maturity of rice, kernel size;

3. curing enviromment: method of handling during curing, ie turning and
watering. Some of these factors were not controlled in some of the studies,
are not controlled by commercial processors and were therefore accepted

as part of the experimental error.

The curing environment appeared to play a major role in developing the
temperature in the curing bed of rice. It was apparent that the lower the
temperature of the curing environment, the easier it was to control the
temperature of the rice bed (Figs. 6-19). Typical changes observed in
rice bed temperature, odor and color were common for all Lake rice types
except Lac la Ronge rice. This rice together with Paddy wild rice showed
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 (Figs. 6-19). This might have been due to the
fact that Paddy rice was smaller with less air spaces between the grains,

thus resulting in more heat accumulation in the rice pile. In addition,



TABLE 6. Increase in Moisture Content of Wild Rice Cured at 10°C

and 757 RH.
% Moisture Content Before Parching
Weeks of Curing
Rice Type 0 1 3 4
Paddy 66.3 61.5 59.1 60.1
Crowduck 38.6 41.1 41.2 41.5

TABLE 7. 1Increase in Moisture Content of Wild Rice Cured at 10°C
and 557 RH.

% Moisture Content Before Parching

Weeks of Curing

Rice Type 0 1 3 4

Paddy 66.3 60.3 60.1 60.4

Crowduck 38.6 38.8 38.7 38.8

49
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respiration activity may contribute to the higher temperatures observed
in curing Paddy rice as compared to curing Lake rice. The Lake rice was
already dark brown and well matured at time of receiving, whereas the
Paddy rice was immature and very green. Lac la Ronge rice was green
(like Paddy rice) although the kernels appeared much larger and longer
in size. There were no significant differences in bed temperature among
the various Lake rice types.

In summary, rice was easier to handle when cured at low temperatures
and utilizing relative humidities of 75% and above (eg curing systems A,

B, D and E).

4.2 Parching Study

Parching (drying) in wild rice processing is a major deciding factor
with regard to the quality of the finished product. Parching of wild
rice serves several purposes: 1. it conditions the rice for hulling;
2. it reduces the moisture content of rice 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 parching process may adversely affect the quality of the finished

rice.

4.2.1 Effects of Moisture Content on Parching

The initial moisture content of wild rice is a contributing factor
to the quality of the final product. Extensive investigations by the
University of Wisconsin have shown that "white centers', an undesirable
defect in finished wild rice, occur in wild rice when the moisture content

of rice prior to parching is less than 407% (Table 8). (White centers
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TABLE 8. *Relationship Between Initial Moisture Content and Proportion
of Parched Wild Rice Kernels With White Centers.

Initial Percentage of Whole Wild Rice Kernels With
Moisture White Centers When Dried at 121°C
Content

% wb. %

5 41

25 28

30 3

35 2

*Adapted from "Drying and Hulling Characteristics of Wild Rice", University
of Wisconsin, March 1975. Vol. 20, No. 3.

TABLE 9. Relationship Between Initial Moisture Content and Proportion of
Parched Rice Kernels With White Centers.
% Kernels of

Curing Rice With
Rice Storage Curing Relative Initial Moisture White Centers
Type Time Temperature °C  Humidity (2) Content (%) When Dried
Weeks at 107°C
Crowduck L. 0 - - 38.6 17
(1975)
4 10° 75 41.5 0
4 10° 55 38.8 14
Paddy (1975) 0 - - 66.3 0
4 10° 75 60.1 0
4 10° 55 60.4 0
Paddy (1974) 0 < - 63.4 0
4 3° 95 68.9 0
Shallow L. 0 - - 48.2 0
(1974)
4 3° 95 54.1 0
Eileen 1, 0 - - 45.9 0
(1974)

4 3° 95 48.2 0
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indicate the presence of ungelatinized starch granules, and both the high
temperature and moisture are necessary for gelatinizing the starch).

Our results {ndicate the lower the moisture content of rice before

parching the higher the percentage of rice kernels with white centers (Table 9).

The data obtained in this study (Appendicesg 5-8) indicated that the
moisture content of rice prior to parching ranged from 38~59% for Lake
rice and 55-70% for Paddy rice. When curing system A was used, the ini-
tial moisture content of rice before parching ranged from 45% at the
beginning of curing to 59% at the end of 9 weeks curing for Lake rice.
During the same period and under the same curing conditions the moisture
content ranged from 63% at start to 70% at the end of storage of Paddy
rice. Thus all rice types showed significant increases in moisture content
at the end of curing by system A. TFor instance, increase in moisture
content during storage was 147 for Harrop Lake rice, 13% for Lac la Ronge
rice, 6% for Shallow Lake, 2% for Eileen Lake, and 7% for Paddy rice
(Appendices 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 low
percent gain of moisture in rice before parching.

For curing system B, the increase in moisture content of rice prior
to parching was 8% for Shallow Lake rice (48% to 56%) and 7% for Paddy
rice (637 to 70%) at the end of storage (Appendix 5). There was little
difference in moisture uptake by all rice types when cured by system A
as compared to system B.

As a result of the very high moisture content before parching, none
of the rice cured by systems A and B were seen to have contained any
kernels with white centers. Lake and Paddy rice cured under System C

increased in moisture content also, thus no kermels with white centers

were detected after parching.
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Similar observations were made in rice cured by System D (Appendix 7 & 8).

In System E, it was found that the moisture content of Paddy rice
decreased as curing progressed, (66% at start to 60% at end of storage)
(Appendix 6 & 7). This was not the case with the Crowduck Lake rice in
which a slight increase in moisture content was observed (Appendix 6).
(38.6% at start to 42% at end of storage). As a result of the very low
moisture content of the Lake rice before curing started, white centers
were also detected in rice parched at this point (Table 9). White centers
were no longer detected in this rice after 1 week of curing when the mois-
ture content rose to 41% (Appendix 6). White centers were also detected
in Lake rice cured by System F (ie the 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
rice throughout the curing period. The Paddy rice did lose moisture but the
initial moisture content was much higher (60%). Hence, no occurrence of
white centers was detected at any time.

In general, Paddy rice had a higher initial moisture content in
all curing systems than the Lake rice types and no white centers were
detected in Paddy rice. Among the Lake rice types the level of increase
in moisture content were Harrop Lake, Lac la Ronge, Shallow Lake, Eileen
Lake and Crowduck Lake in descending order.

The low initial moisture content of the Lake rice cured by System
F, could be attributed to the low humidity enviromment level (55%). Rice
cured under higher humidity levels (75% to 95%) did not show any kernels
with white centers after equilibration.

The Wisconsin study also indicated that white centers were quite
evident when rice with low moisture content (@Z40%) was parched at tem-

peratures below the gelatinization temperature of wild rice (60°C to 65°C).
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This phenomenon was not evident in any of the rice parched by Systems
1 and 3 in this study. This was because the initial moisture content of
rice before parching was well over 40% in all rice 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
407% and parching temperature of more than 65°C are essential in order to
prevent white centers. Furthermore, an initial moisture content of less
than 30% in the rice was found to induce excessive mold growth, thereby
producing an undesirable moldy flavor in the finished rice (4, 15, 22).

Chung reported in 1975 that the moisture content of the parched
rice, if maintained above 11% resulted in difficulties in hulling; and
that rice with final moisture content below 7% was fragile and suscepti-
ble to breakage during hulling. Consequently all parching was timed such
that the finished product would contain a moisture level of 7-11%.

The parching studies undertaken here (data presented in Figs. 20-26)
indicated that the lower the parching temperature, the longer it took to
reduce the moisture content to the required level of 7-11%. Also the higher
the initial moisture content, the longer it took to reduce it to 7-11%.
For instance, at a parching temperature of 65°C (System 3) it required
70 minutes to reach the moisture range of 7-11% (Fig. 20). Whereas, at
149°C only 15 minutes were needed to reach the same moisture level (Fig. 26).

In general, Paddy rice required longer parching times than lake rice
since Paddy rice generally had a higher initial moisture content in all
curing systems. When parching Systems 3 to 9 were used, Eileen Lake rice
tended to dry faster than Shallow Lake rice due to the differences in

initial moisture content (Figs. 20-26).
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FIGURE 22. Drying Rate of Lake Wild Rice
93°C - Parching Temperature.

60

50 |\ e-—--—e Shallow Lake
NS x—x—=x Eileen Lake

40 —

30 -

% MOISTURE CONTENT

-
-
~

I I |
0 5 10 15 20 25 30 35 40 45 50

PARCHING TIME IN MINUTES

o

% MOISTURE CONTENT

0 I l | I l | l l | J
O 5 10 I5 20 25 30 35 40 45 50

PARCHING TIME IN MINUTES

FIGURE 23. Drying Rate of Lake Wild Rice
107°C - Parching Temperature.



FIGURE 24.

% MOISTURE CONTENT

Y% MOISTURE CONTENT

FIGURE 25.

57

Drying Rate of Lake Wild Rice
121°C - Parching Temperature.

60

50

40

30

20

b
&

SN e----e-—o Shagllow Lake

\ —x%—= Eileen Lake

-
S
-

] ! |

O 5 0 5 20 25 30 35 40 45 50

PARCHING TIME IN MINUTES

| l I l 1 |

O 5 10 15 20 25 30 35 40 45 50

PARCHING TIME IN MINUTES

Drying Rate of Lake Wild Rice
135°C - Parching Temperature.



58

FIGURE 26. Drying Rate of Lake Wild Rice
149°C - Parching Temperature.
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4.2.2 Effects of Parching and Curing Systems on
Percent Total Rice Yield.

When the conditions under which wild rice is cured and parched are
well controlled, these variables appear to have little influence on
total rice yield (Table 10, 11 and Figs. 27-44) . For example, Paddy
wild rice yield averaged 15-20% on wet basis for & curing and 2 parching
systems while the Lake rice yield average ranged very slightly for Lac
la Ronge, Shallow Lake (with one exception) and Eileen Lake rice types.
On 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. This interaction is not fully understood at this
time. It is of interest to note that the mature fraction of Crowduck
Lake wild rice averaged 50%, the mixed fraction averaged 45% and the
immature fraction averaged 127 (Table 12). Also the mature fraction of
Paddy wild rice averaged 30%, the mixed fraction averaged 207 and the
immature fraction averaged 1% (Figs. 43, 44). These support the obser-
vation that well controlled curing and parching systems will not affect
percent total yield, or that optimum yield will be obtained when these
systems are utilized.

4.2.3 The Effect of Storage Time (curing) and Parching
Systems on Percent Total Rice Yield.

Maximum yield of wild rice (percent) was obtained shortly after
curing started for all curing systems and then gradually decreased
throughout storage (Figs. 27-44). This was true for all rice types
with the exception of Crowduck Lake rice (Fig. 41, 42) which remained
Constant throughout that particular study. If the basis for determining
the optimum curing time was on yield alone, then short curing periods

would be selected. However, other quality factors, such as color and
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TABLE 10. Relationship Between Final Moisture Content and Yield
of Wild Rice (Eileen Lake).

Parching Initial Final % Whole
Temp. M.C. % M.C. % 7% Yield Grain

Eileen Lake (3°C Curing)

65 46 10.8 47.0 91.5
79 46 7.8 47.5 83.2
93 47 9.7 47.0 89.4
107 48 7.2 45.0 93.3
121 48 7.2 41.5 89.2
135 48 3.2 39.0 82.1
149 48 3.2 39.0 82.1

Eileen Lake (15°C Curing)

65 49 10.9 52.0 88.5
79 49 9.5 48.0 91.7
93 48 8.9 46.0 91.3
107 48 7.8 44,0 95.4
121 48 7.5 41.5 75.1
135 48 7.7 39.0 71.8

149 47 5.3 37.0 75.7



TABLE 11. Relationship Between Final Moisture Content and Head Yield
of Wild Rice (Shallow Lake).
Parching Initial Final %Z Yield % Whole
Temp . M.C. 7 M.C. Grain
Shallow Lake (3°C Curing)

65 48 8. 40. 82.

79 48 9. 39. 74.

93 55 9. 39. 82.
107 53 7. 36. 93.
121 54 8. 40. 92.

- 135 53 5. 36. 88.
149 55 3. 35. 85.
Shallow Lake (15°C Curing)

65 50 10. 41. 86.

79 56 9. 40, 81.

93 56 8. 37. 84.
107 53 7. 36. 94.
121 53 7. 38. 89.
135 51 7. 36. 86.
149 51 5. 34, 88.
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FIGURE 29. Percent Yield of Lake Wild Rice Cured at 5°C
and 95% Relative Humidity. (Shallow Lake)
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FIGURE 33. Percent Yield of Paddy Wild Rice Cured at 38°C
and 95% Relative Humidity.
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FIGURE 35. Percent Yield of Lake Rice Cured at 38°¢
and 95% Relative Humidity (Shallow Lake).
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FIGURE 37. Percent Yield of Wild Rice Cured at 15°C
and 957 Relative Humidity.
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FIGURE 41. Percent Yield of Crowduck Lake Rice Cured at 10°C
and 75% Relative Humidity.
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TABLE 12. Comparison of Average Total Yield (percent by weight) of
Cured and Parched Wild Rice.
% Yield (by weight)
Parching Systems
Rice Type Curing 1 2 3 to 9 6
System

Lac la Ronge A 50 48

D 50 48
Harrop Lake A 40 45

D 50 45
Paddy Rice A 20 18

B 15 15

C 20 20

D 20 18
Shallow Lake A 38 38

B 35 35

C 48 35

D 38
Eileen Lake A 45

D 45
Crowduck Lake E;F
(a) Mature " 50
(b) Mixed " 45
(¢) Immature " 12
Paddy Rice E;F
(a) Mature " 30
(b) Mixed " 20
(c) Immature " 1
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flavor also are involved in this decision making process.

The parching temperature was found to have a significant effect on
total yield (Fig. 39, 40). The percent yield of rice was found to decrease
as the parching temperature was increased. The selection of the optimum

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

kernel fragility, color and flavor besides total yield. These para-
maters will be discussed later.
4.2.4 The Interaction Between the Wild Rice Type
and the Curing and Parching Systems on Percent
Total Yield.

As pointed out in Section 4.2.2 the yield of Harrop Lake wild rice
was affected by the curing and parching system that was used. In addition,
the average percent total yield of each rice 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 rice
had the highest yields (50%) for the curing and parching systems under
which they were tested. Harrop Lake rice yielded about 48%, Eileen Lake
rice about 467% and Shallow Lake rice about 35%. On the other hand, Paddy
wild rice yielded approximately 15-20%.

The low yield in Paddy rice could be attributed to its gross immatur-—
ity at harvest and its inability to "finish" ripening in storage. This
may also be due to the physiologically poor state of the Paddy rice variety
used in this study. Perhaps a higher yield of rice would be obtained if

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

in order to produce kernels that would mature and develop acceptable char-
acteristics in storage. The difference in yield among Lake rice types
could be associated with the different source and hence, different envir—

onmental influences, as well as variation in rice genotypes. WNo comment
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can be made on these variables since they were not controlled during these
studies.

Prolonged curing at very low temperatures (ie systems A and B, Figs.
27, 28, 29, 31) appeared to cause slight losses in percent total yvield
for all rice types towards the end of storage (ie after 6 weeks). This
would not be a significant factor since the optimum curing time comes before
the yields start to decrease (3-5 weeks).

4.2.5 Evaluation of Percent Whole Grain
(kernel) Yield of Wild Rice.

In grading, in this study, all rice grains 1.0 cm or longer were consid-
ered whole kernels and any grain measuring less than 1.0 cm long was consid-
ered broken. Percent (by weight) yield of whole grain rice are presented in
Figs. 30, 32, 34, 36, and 45 to 54 inclusive.

The curing system affected the yield of whole grain rice for certain
rice types (Harrop, Paddy and Shallow) but did not for others (Lac la Ronge
and Eileen), (Table 13a, Figs. 45-54). 1In general low temperature curing
appears to produce less fragile 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 5°C was 85-89% and at 38°C was 68-72%. On the other hand, the storage
time appeared to have no significant effect on percent yield of whole grain.

Percent yield of whole kernels appeared to be affected by the parching
temperature. The highest percent yield was attained by using 107°C (Fig. 49,
50). Shallow and Eileen Lake rice yielded 93 and 957 respectively at this
temperature. These dropped to 82% (Shallow Lake) and 90% (Eileen Lake) at
65°C, while at 149°C, the yields were 85% (Shallow Lake) and 82% (Eileen

Lake).
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Table 13a. Comparison of Average Percent (by weight)
Whole Grain Yield of Cured and Parched Wild Rice.
Rice Type Curing % Yield (by weight)
System Parching Systems
1 2 3 to9
Lac la Ronge A 90 92
D 91 90
Harrop Lake A 90 90
D 84 82
Paddy Rice A 85 85
B 60 58
C 66 69
D 73 70
Shallow Lake A 85
B 85 89
C 68 72
D 87
Eileen Lake A 87
D 84
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FIGURE 47.

% YIELD (WHOLE GRAIN)

% YIELD (WHOLE GRAIN)

FIGURE 48.

76

Percent Yield of Wild Rice Cured at 15°C
and 95% Relative Humidity. (High Temperature Parching)

100

80

8OHIl £

SO M Lac La Ronge
il
n .
—
b F
g 8 Harrop Lake
7OHI 1 B
& S rE S o
s . “ o m
o v [ [0 N
N v 5 5 ‘ fraseery
5 ) R i " fat
i a': 'T 1:}‘ . :': !)'; .
; o 5 i s | Paddy Rice
| o o 4 Y
o " ) v - Lxi)
. 5 1 - B
soH L W E B R E
b . - pr ‘.
B N 3 M 7
* 3 A ‘-'~ -
- i s - :
- ™1 g .
o 5({ A ..'o N
o & ™ B g
Lo .1 ?
. I3 ‘ *a "
| WA WE

30

IOOF-

90

80

70

S0

40

30

Perc
and

I
oY
=

l 2 3 4
WEEKS OF CURING

-
o
g
7
S
ey
KA X
[ * 3,
- l7¢
b
> .7
3 “
b (A1
I o o0
i . o
1 [
ko, L
= f 5
5 - !
o .y 1%
" 4 -’ o
- »f Y
31 2 !
8 £ 3
) R :
4 M »
o P e >
4 3oy N wii
: 4 1! 4
. 44 - L
B /.1 v [
. A o4
N W4 N o
2,74 Y A
1y L a !
I y X
i o o -
J . N m
i H -
-4 i 3 B
4 . 3] )
- s e [
by X b
ei I v i
: o
2 it w5 o
Ex ] o o
L] 4 v 4

| 2 3 4
WEEKS OF CURING

ent Yield of Wild Rice Cured at 15°C
95% Relative Humidity. (Low Temperature Parching)



77

FIGURE 49. The Effects of Parching Temperature on Wild Rice Yield Curing
at 3°C and 95% Relative Humidity.

100 IMShaHowLake [Eileen Lake
- | il
- 90 B ”_
< . -
€ so- [ ]
4 | {
O 70r
T
=
~ 80k
a
o :
= 50— 
*
40
30 5 79 93 107 12] 135 149
PARCHING TEMPERATURE °C
100
il
. 90F 1
= []
= 8ok m | m
%) i .
¥ .
s 70
=
~ 60—-
o)
-
W 50+
>—
30 |

65 79 93 107 121 135 49

PARCHING TEMPERATURE °C

FIGURE 50. Effects of Parching Temperature on Wild Rice Yield Curing at 15°C
and 95% Relative Humidity.



FIGURE 51.

% YIELD (WHOLE GRAIN)

% YIELD (WHOLE GRAIN )
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FIGURE 53. Percent Yield of Paddy Wild Rice Cured at 10°C
and 75% Relative Humidity.
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The Crowduck Lake and Paddy wild rice separated into mature and immature
fractions and cured under 55 and 75% relative humidity had a higher content
of broken kernels (mixed fraction) than did the other rice types (Table 13b).
These were harvested in 1975 and the other types had been harvested in 1974.
The humidity of the curing chamber did not appear to affect kernel fragility
(curing systems E versus F). The mature fraction (Crowduck and Paddy) yielded
more whole grains than either the mixed or immature fraction.

In summary, it can be said that well controlled curing systems do not
affect the yield of whole grain wild rice. However, intermediate parching

temperatures were found to produce optimum yields of whole grain wild rice.
4.2.6 The Effects of Parching on Other Quality Factors

Wild rice parched by systems 2, 8 and 9 showed hollow centers and/or
popping in the kernels (Appendix 9). These undesirable factors were caused
as a result of the rapid impact of high temperature tp 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 yield. Such high temperatures also caused a burnt or scorched flavor
in the dried product. "White centers", also considered as an undesirable
factor in finished rice, was observed in Crowduck Lake rice. This defect,
however, is known to be related to the moisture content of the rice before
parching rather than an effect of parching temperature (as noted in Section
4.2.1).

In summary, there appears to be no interaction between the curing en-
vironment and the parching temperature on finished rice quality. But there is
an interaction between the storage time and parching temperature on these
criteria. Extremely high parching temperatures are undesirable in processing

wild rice since they reduce yield and cause excessive popping and burnt flavor
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Table 13b. Comparison of Average Percent (by weight)
Whole Grain Yield of Cured and Parched Wild Rice.
Rice Type Curing 7% Yield (by weight)
System Parching Systems
6 6
Crowduck Lake E &F
(i) Mature " 81 75
(ii) Mixed 70 69
(iii) Immature 62 59
Paddy Rice E &F
(i) Mature " 67 66
(ii) Mixed " 59 61
(iii) Immature " <l.0
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in the finished product. Wild 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 la Ronge rice had the longest whole
(intact) kernels (average length, 2.5 cm). This was followed by Crowduck
Lake (2.2 cm), Shallow Lake (2.0 cm), Harrop Lake (1.5 cm), Eileen Lake

(1.5 cm) and Paddy rice, (1.0 cm).
4.3 Color Evaluation of Wild Rice

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

" "

art' of developing the acceptable color has become a guarded sécret in the
industry. Hence, wild rice color is considered a critical factor in the
acceptability of the finished product.

The color of finished rice obtained in this study, was measured by the

Hunter Lab Color Difference Meter Model D25. The AFE values were calculated

and are graphically presented in Figures 55 to 68.
4.3.1 Effects of Curing Systems on Wild Rice Color

Data obtained for rice cured by System A indicated that color changes
were very slow and minimal in all rice types. For example, with Lac la Ronge
rice, color development did not reach the acceptable level after eight weeks
storage (Fig. 55). With Paddy rice, acceptable color was produced by high
temperature parching after 3 weeks curing and lasted only for a period of
2 weeks; after which the color faded to below acceptable levels (Fig. 56).
Harrop Lake rice treated similarly, also had acceptable color after 3 weeks
storage, and no decline in color intensity was observed at the end of the 9

weeks curing period (Fig. 57).



FIGURE 55, The Color Changes of Lac La Ronge Rice Cured at 3°C
and 95 7% Relative Humidity.
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FIGURE 57. The Color Changes of Harrop Lake Rice Cured at 3°C
and 95% Relative Humidity.
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FIGURE 59. The Color Changes of Shallow Lake Rice Cured at 5°¢C
and 95% Relative Humidity.
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FIGURE 61. The Color ~ Changes of Shallow Lake Rice Cured at 38°C
and 95% Relative Humidity.
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FIGURE 63. The Color. Changes of Lac La Ronge Rice Cured at 15°C
and 957 Relative Humidity.
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FIGURE 65. The Effects of Parching Temperature on the Color of Wild Rice
Cured at 3°C and 95% Relative Humidity.
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FIGURE 67. The Color Changes of Crowduck Lake Rice Cured at 10°C.
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For Shallow 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 Wild 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).

When utilizing curing System C, Shallow Lake rice developed acceptable
color within 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 curing period.

When curing System D was utilized, Harrop Lake rice appeared to have
had acceptable color prior to and throughout the curing period (Fig. 58).
The color of Lac la Ronge rice reached acceptable level in 2 weeks (with
high temperature parching) and faded to below acceptability level in week 3
of curing (Fig 63). On the other hand, Paddy rice color was acceptable after
1 week storage and for 2 weeks (with high temperature parching) then the color
faded to below the acceptable level towards the end of the curing period

(Fig. 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 temperature was used.
Under curing Systems E and F, the color of Crowduck Lake rice was accept-
able throughout both curing systems (with the exception of rice cured for 4
weeks by System F) (Fig. 67). These samples were parched at 107°C. Paddy
Tice color was acceptable during week 1 and 4 of curing and unacceptable

between 2 and 3 weeks of storage (Fig. 68).
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4.3.2 Effects of Parching Systems on Colox

For all rice types cured by Systems A and B, the color of rice appeared
to have been improved when parching System 2 was used, as opposed to parching
System 1 (Figs. 55, 56, 57). ’

Rice cured by Systems C and D showed similar trends (behaviour) in color
improvements under parching Systems 1 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 was not acceptable when systems 8 and 9 were utilized.

The wild rice cured by Systems E and F were parched by System 6.

The color of Crowduck treated by these systems was: acceptable throughout

the curing period (with 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, comparisons 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 with any processing system. In all rice types, the rate
of color change was found to be directly proportional to the curing environ-
ment ie the higher the curing temperature, the faster the development of color.
However, the quality of color development differed with respect to the various
rice types.

Curing time also affected color development. 1In all rice types and
specific curing systems, the color development reached a maximum and then
faded towards the end of the storage period.

Parching temperatures significantly affected the color of all rice
types. It was found that the high 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 adversely affect color. Rice parched
in these systems tended to pop and the popped fragments would produce a

lighter color.

4.4 Cooking Study and Kernel Fragility

The appearance of cooked wild rice is an important factor in the
acceptability of the finished product. It was observed in Chung's (1975)
Study that some whole grain rice 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 likely to break when the rice was cooked.

4.4.1 Kernel Fragility

A summary of results obtained from stress point analysis are presented
in Table 14 and Figs. 69 & 70.

The results indicated that low parching temperatures produce a greater
number of stress points than high parching temperatures. The data showed
that Eileen Lake rice is not as susceptible to the production of stress. points
as is Shallow Lake rice. The curing system appeared to have a variable effect
on the production of stress points. However, both rice types seemed to have
been affected similarly (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 (Table 14).

4.4.2 Cooking Study

Data obtained from this study were analyzed statistically by the random-
ized blocks design, and are presented in Figs. 71-78.

The results illustrated that low temperature parching systems (65°-120°C)



FIGURE 69. The Effects of Parching Temperature on Kernel Breakage
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TABLE 14. Stress Point Analysis of Cured and Parched Eileen and Shallow
Lake Wild Rice.

Curing Parching Number of Stress Points
Rice Type System System (%)
Eileen Lake A 4 35 h
7 10 1
D 3 52 h
6,9 10 1
Shallow Lake A 3 75 h
10 9 1
D 3 62 h
8 10 1

h - highest; 1 - lowest
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produced rice which retained their conformation during cooking and that high
parching temperatures (135° - 150°C) produced rice that curled excessively
(hence, unattractive) when cooked (Figs. 71-78). This phenomenon was true
for both rice types (Eileen and Shallow Lake). It was anticipated that rice
containing a high percentage of kernels with stress points would break up
more when cooked and hence produce a softer textured product. However, this
was 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 with a high percentage of stress points. This may indicate
that these (fissures) stress points are not susceptible to breakage during
Cooking. The rice genotype could also have contributed to this phenomenon.
There were no significant differences between curing systems A and D with

respect to the cooking properties of the rice types used in this study.

4.5 Appearance, Flavor and Texture of Finished Wild Rice

A major factor in wild rice quality is its flavor. In some cases a plain
toasted flavor was found to be acceptable, but usually this flavor coupled
with a grainy and a slightly earthy flavor was preferable (Chung, 1975).

The primary objectives of this study were: (1) to evaluate the effects of
curing and parching systems on the appearance, flavor and texture of the
processed wild rice. A second objective was to improve and finalize the
flavor profile for good quality wild rice.

The data obtained from the sensory studies were analyzed statistically
by means of the randomized blocks design and a computer "stat 13" program
developed by the Computer Center, University of Manitoba. Duncan's Multiple
Range test was also applied to compare the experimental means obtained for

each curing and parching system.



FIGURE 71.

% STRAIGHT

% STRAIGHT

FIGURE 72.

96

The Effects of Parching Temperature on the Cooking Properties
of Wild Rice Cured at 3°C.

100
90

-\J
O
I

*——X Eileen Lake

30
e-—e—-e Shdllow Lake
l l l [ l l [ [ |
65 79 93 107 121 135 149 163 |77
PARCHING TEMPERATURE °C

100

S0

-~
O

I N N R RS A R

65 79 93 107 121 135 149 163 |77
PARCHING TEMPERATURE °C

The Effects of Parching Temperature on the Cooking Properties
of Wild Rice Cured at 15°¢C.




FIGURE 73.

% WHOLE AND SPLIT

% WHOLE AND SPLIT

FIGURE 74.

The Effects of Parching Temperature on the Cooking Properties

of Wild Rice Cured at 3°C.

100
S0 /

———@ o B

80
70
60
504 —x—% Eileen Lake

e--e—-e Shallow Lake
40
30

20

| l L l [ L1 l |
85 79 93 107 121 135 149 163 177

PARCHING TEMPERATURE °C

100
S0
80

60
50
40

20—

! l I l | I l ! I

65 79 93 107 121 135 149 163 177
PARCHING TEMPERATURE °C

of Wild Rice Cured at 15°C.

The Effects of Parching Temperatures on the Curing Properties

97



98

FIGURE 75. The Effects of Parching Temperature on the Cooking Properties
of Wild Rice Cared at 3°C.
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4.5.1 The Effects of Curing Systems on the
Flavor Quality of Wild Rice

The curing environment had a more significant effect on the flavor of
the final product than did the parching systems (Figs. 79-92). 1In all systems,
the flavor was 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, when wild
rice was cured for 7 weeks at 5°C, the flavor was acceptable throughout storage
(Fig. 83). When this 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-
midity of the curing environment also appeared to have influenced the flavor
of the finished rice (Fig. 91 & 92). These figures indicate that high humidity
environments (75% - 95%) have a more positive effect on the acceptability of
flavor of finished wild rice than low humidity environments (55%).

4.5.2 The Effects of Parching Systems on the
Flavor Quality of Wild Rice
According to the judgement of the panelists, low parching temperature

systems produced rice with more acceptable flavor than extremely high parching
temperatures (Fig. 79-92). For example, rice parched at 65°C to 121°C had
acceptable flavor whereas that parched at over 130°C was ranked unacceptable
(Fig. 89 & 90). These effects of parching systems on the flavor of wild rice

were common to all rice types used in this study.
4.5.3 Flavor Acceptability of Rice Types

There was a common pattern of flavor acceptability for all rice types

processed by the different curing and parching systems. However, the extent



FIGURE 79. Acceptability Scale of Lac La Ronge Rice Cured at 3°C
and 957 Relative Humidity.
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FIGURE 81.
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FIGURE 83.

FIGURE 84.

Acceptability Scale of Shallow Lake Rice Cured at 5°C
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FIGURE 85.
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FIGURE 87. Acceptability Scale of Lac La Ronge Cured at 15°C
and 957 Relative Humidity.
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FIGURE 89.
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FIGURE 91. Acceptability Scale of Crowduck Lake Rice at 10°C.
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of these processing effects on flavor differed for each rice type. For instance,
Lac la Ronge rice parched by System 2 had a more acceptable flavor than when

it was parched by System 1. 1In general, flavor deteriorated towards the end

of the curing period for all rice types (Figs. 79-92).

Lake rice types had more acceptable flavor than Paddy rice. However, the
degree of acceptability of flavor differed among the lake rice types, probably
due to the fact that these lots of rice were obtained from different sources
and therefore were of varying genotypes. The level of flavor acceptability of
Lake rice were: Shallow Lake, Eileen Lake, Crowduck Lake, Harrop Lake and Lac
la Ronge rice in descending order. Hence, the acceptability of flavor of fin-
ished wild rice 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 finished 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 following flavor characteristics:

(a) - Appearance - dark brown to black, straight and split along the major
axis of the kernel and not mushy.

(b) - Aroma - grainy and slightly toasted.

(c) - Taste - grainy, slightly toasted and slightly earthy.

(d) - Texture - slightly hard and chewy.

(e) - After-taste - pleasant ie not objectionable.

Conversely, wild rice with a green, curled and mushy appearance; swampy
odor; moldy, burnt, extremely earthy and bitter taste; extremely soft and co-
hesive texture and an objectionable after-taste was considered highly unaccept~
able. Both the curing and parching systems had significant effects on the
flavor of finished wild rice. Low temperature curing (5-10°C) and parching

(108°-121°C) environments produce finished rice with the most acceptable flavor.
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4.6 Consumer Survey

The characteristics of respondents obtained in this study are presented
in Appendix 3, which illustrates the distribution of participants by employ-
ment, education, age and family size.

The data obtained in this study were analyzed statistically by the ran-
domized blocks design and Chi square relationships between rice types and

dimensions (eg color, size) as judged by the consumer.

4.6.1 Consumer Practices

All the respondents in this survey stated that the price of wild rice is
the major limiting factor in the use of this grain. However, in general, con-
sumers judged wild rice primarily by color and secondly by size (Appendix 30,
31). The darker the color of rice, the better respondents liked it. Rice
color was associated with its final flavor whereas size was attributed to
immaturity. It was also found that consumers purchase wild rice on the basis
of its "good name" and that most of the respondents interviewed had very little
knowledge of the actual nutrient content of this grain. At the present time,
consumers use wild rice mainly as fowl stuffing, in puddings and special gourmet
dishes. Cooking information is generally obtained from magazines, cookbooks,

friends and relatives.

4.6.2 Consumer Preferences

It was found that although long and plump rice kernels were preferred,
this factor was overruled by color. Respondents would select a dark colored
rice regardless of its size (Appendix 31) and as long as the rice was free of
chaff and other foreign materials.

Consumers, also would prefer packaging systems that will enable them to

see the grain before purchasing it. This will permit them to check the color,
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size and cleanliness and ensure that they are getting their money's worth.
Perhaps, as the popularity of wild rice 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 unique flavored grain.

In summary, consumers judge wild rice quality primarily by its color, then
size and cleanliness. Present high prices limit the use of wild rice to gourmet
cooking mostly. It is anticipated that increased production will subsequently

decrease the price and will result in more frequent use by consumers.
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5. Summary and Conclusion

Lake and Paddy Wild rice used in these studies were obtained by the Food
Science Department in 1974 and 1975. All the rice was placed in frozen storage
(-40°C) upon arrival at the department and was 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 total percent yield, percent whole
grain (kernels), color, cooking properties, sensory analyses and consumer pref-
erence tests.

All curing systems produced finished wild rice with highly acceptable color
and flavor, but the low temperature (3°C, 5°C, 10°C) systems were judged to be
superior. 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 15°C and 38°C developed acceptable color, but did not have acceptable
flavor. At 15°C curing, the rice had to be parched within 2 weeks and that
cured at 38°C had to be parched after 2 days. All the low temperature curing
systems produced acceptable color in all rice types with the exception of Lac
La Ronge and Paddy (1974) wild rice which failed to develop acceptable color in

the environments that were tested.
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However, the rate of color development was directly proportional to the
temperature of the curing enviromment. The higher this temperature the faster
the color development. This color change was also dependent on the rice type,
ie the rate and quality of color changes differed with respect to the origin
or source of rice, and of rice genotype. The percent total yield of wild rice
was not affected by the curing enviromment when this was well controlled. Only
Harrop Lake rice showed a reaction to the various curing systems. In all curing
systems, total yield tended to decrease (insignificantly) slightly, towards
the end of the storage period. Percent whole grain yield of rice was also not
affected by the curing systems when they were well controlled. It was found
that, under all the curing systems investigated, Lake rice outyielded Paddy
wild rice; and that the yield of rice, among Lake rice types, differed signif-
icantly.

Comparison of the parching systems utilized in this study indicated that,
in general, low parching temperatures (65°C -~ 120°C) produced higher yields
of rice with acceptable flavor. Whereas high temperature parching systems
(135°C = 150°C) produced rice with undesirably burnt flavor and fragile
kernels and hence less yield. 1Imn all rice types, intermediate temperature
(100°C - 121°C) parching was seen to have improved the color of the finished
rice. However, extremely high parching temperatures (135°C - 150°C) produced
rice with unacceptable color and flavor characteristics.

Taste panel results demonstrated that wild rice which had the desirable
dark color did not necessarily have well-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 development of color in wild rice. Curing

temperature, aeration during curing as well as parching temperature were
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factors which apparently governed the flavor development of wild rice. A-
good quality wild rice, according to the concensus of the taste panel, was
rice that had acceptable dark color and acceptable flavor. Acceptable flavor
in cooked rice was defined as follows: dark-brown to black, straight and split
and not mushy appearance; slightly grainy and toasted aroma; slightly earthy,
grainy, and toasted (not burnt) taste; slightly chewy texture and a pleasant
after-taste. Sensory characteristics, such as green color, swampy odor,

moldy and extremely earthy taste, mushy and soft texture and objectionable
after-taste were those indicating unacceptable finished wild rice.

Wild rice with very dark color, plump and long kernels and very few
broken grains were judged as top quality rice by consumers. In general, con-
Sumers judged wild rice primarily by color and secondly by size. The darker
the color of rice, the better consumers liked it. Rice color was associated
with its final flavor, whereas size was attributed to immaturity. It was
also found that consumers purchase wild rice on the basis of its '"good name"
and that most of the respondents interviewed had very little knowledge of the
actual nutrient content of this grain. At present, wild rice is used mainly
as fowl stuffing, in puddings and special gourmet dishes. Owing to its high
p%ice, wild rice is considered a "luxury" item in the food market today. It
is hoped that, as the popularity of this grain increases, more of it will be
available to the consumer at a reasonably low price so that the lower income
group may also enjoy this unique flavored grain.

Most problems associated with the quality of finished wild rice were
reviewed in this study. Problems such as decreased yield, swampy odor, broken
kernels, and mushy texture were found to be controllable.

The problem of color development is still 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 maturity at time of harvest. ©No correlation seems apparent
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between color development in wild 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 Manitoba requires improvement in this
variety by a sound breeding program. Due to the various aspects of research
in this study, and to the limited time involved, some of the results are not
Positively confirmed. However, most of the information 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 wild rice appears to be required. It will also indicate those conclusions

that the industry may utilize to their advantage.

5.2. Recommendations for Further Research

The commercial wild rice processor handles lots of rice with varying degrees

of maturity. Immature rice is found to produce finished rice which gives a
lower yield with poor quality. Maturity, for this grain, is not well defined
but primarily based on darkness in color of kernmels at time of harvest. This
should be more specifically defined to enable growers to select one "proper"
time to harvest the crop. Meanwhile, new rice varieties should be developed
by the plant breeders especially since the existing Paddy rice variety needs
improvements desperately. This would have the potential of giving uniform
maturation and hence uniform color to the finished product.

This study has revealed that it is beneficial to thoroughly wash the
harvested rice prior to curing in order to decrease spoilage problems during
curing; by removing sand, plant debris, ergot bodies and eliminating the rice

worm from the curing pile. This washing operation has not yet been adapted
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to the industry. Perhaps a washing system, as used in the sugar beet industry
could be adapted for wild rice prior to curing. Further research is necessary
here to confirm the economical feasibility of such a system.

Further research is required to more precisely verify the effects of
curing and parching systems on total yield and color development of various

rice types.

5.3 Recommendations for Application by the Industry

The transportation system for harvested rice from the field to the pro-
cegssing plant is still very inefficient and hence needs improvement. This
will ensure that the rice is handled properly, thus minimizing losses and
helping to reduce costs. There is also a great deal of improvement required
in harvesting techniques. It is a fact that in Manitoba most of the natural
(Lake) stand rice is harvested by the ancient method. This method is rather
inefficient, resulting in poor harvesting (yield) per acre, high losses of
grain and improper handling prior to curing.

The curing pile of rice must be well controlled to ensure optimum quality
of the finished rice. Rice bed temperatures must not be allowed to exceed
10°C to 15°C of the curing environment. The moisture content of the rice
during curing is extremely important and must never be allowed to fall below
40 percent in order to prevent aflatoxin development and white centers in the
finished rice. Wherever possible, ie economically feasible, a controlled
environment system will be the best type of system to use for this stage in
the processing of wild rice.

Parching or drying can be carried out in any type of hot air dryer system.
This study has illustrated that consumers prefer finished wild rice with a

slightly toasted flavor. This quality factor was found to be successfully

achieved when intermediate parching temperatures were utilized. It was also
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found in this study that the production of high quality wild rice can be

achieved by the following processing systems:

Curing: low temperature (5-10°C) and high humidity (75-95%) environment
for 3 to 5 weeks.

Parching: temperature range of 107°C to 121°C for 20 to 30 minutes.

These systems would produce rice with acceptable color, flavor and optimum

yield.

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-
imize breakage of the rice. It is recommended that the parched rice should
be hulled within 24 hours after parching to ensure maximum yield of whole
grains. A series of Japanese Kyowa (spring) adjustable hullers can be used
successfully for this operation.

The flavor of wild rice was described under 22 different characteristics.
Various specific characteristics and processing systems were identified as
contributing to undesirable and unacceptable flavored wild rice, such as
moldiness, swampiness, high 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 finished rice with 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 1.

Instructions

1. You will be served four samples all at once.
2. Please examine each one separately and use one ballot sheet per sample.

3. Examine each sample carefully and indicate your opinion in the areas
specified in the questionnaire.

4., It is advisable to rinse mouth well between samples.

5. Please use empty containers provided for expectoration.
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Sample:
APPEARANCE
Scale 1

All ;

Straight

Scale III

All .

split " 7
Scale V

Appear.
Acceptable

AROMA

Scale 1

Bland

e
I~

Scale IIT

Bland L
l

TASTE

Scale I

Bland ;.
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Date:

Dark
Brown

/Not

Mushy

/Swampy

/
7/

, Aroma

Unaccept.

/Ext.

Scale 111

Bland

Name:
Scale IT
/ /All Green,
Curled r
Scale IV
/All Mushy .
Intact
, Appear.
! Unacceptable
Scale 1T
/Grainy Bland
Scale IV
/Toasted Aroma
Accept,
Scale II
/Ext. Bland
Burnt
Scale IV
Ext. Bland

o
I~

grainy-like

moldy-like

/Earthiness




APPENDIX 2 (Contin)

Scale V

Bland /

Scale VII

Taste
Acceptable

TEXTURE
Scale I

Very N

/ rA

Soft

Scale III

No
Chewiness

AFTERTASTE

Scale I

Objectionable

Scale VI

Bitter Bland , , |,

=

Taste
Unaccept.

Scale II

No
Cohesiveness

Scale IV

Texture ;o

123

Accept.

;. /Unacceptable

7 7 7 7

/Not Objectionable

Sweet
;I Ext.
r Cohesive
; Texture
Unaccept.
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APPENDIX 3.
Characteristics of Respondents (1)
Characteristics Number Percent
Exmployment: Professional 45 64.3
White Collar 15 21,4
Blue Collar 6 8.6
Student 4 5.7
Total 70 100.0
Education: < High School 0 0
High School 6 8.6
> High School 64 19.4
Total 70 100.0
Age: « 30 10 14.3
31-45 49 70.0
46-50 9 12.8
=60 2 2.9
Total 70 100.0

Number of Persons

Per Household 1-2 12 17.1
3-4 41 58.6
5~-7 17 24.3

Total 70 100.0
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APPENDIX 4.
CONSUMER QUESTIONNAIRE

Hello, I am from the University of Manitoba and am doing a study on the
use of wild rice. Your help would be most appreciated.

1. First of all, who in your household does most of the grocery shopping?

a) you alone ¢ )
b) spouse alone ( )
¢) both ¢ )
d) other ¢ )
specifiy

Now, I am looking for people with certain characteristics.
2. Are you employed outside your home? yves ( ) No ( )

3. What is the occupation of the main wage earmer in your home? Specify.

4., How often do you serve wild rice in your home?

Not at Once a 2 or 3 More than Once a month More than
all year times/year 3 times/year once/month

¢ ) )y ) ¢ ) ¢ ) ¢ )

If wild rice is not served at least once a year, thankyou, and indicate
completion of interview. Complete ( )

5. Do you ever buy wild rice in bulk? yes ( ) No ( )

6. How often do you buy retail, or receive wild rice?

Not at Once a 2 or 3 More than Once a month More than
all year times/year 3 times/year once/month
(G ) ) ¢ ) (G ¢ )

7. Do you buy them prepackaged or from the grocer?

8. What is the most important characteristic you look for when you
buy (or receive) wild rice?

COLOR a) Black ¢ ) SIZE a) Long ¢ )
b) Dark Brown ( ) b) Short ¢ )
¢) Light Brown( ) c¢) Plump/fat ()
d) Green ¢ ) d) Small/skinny ( )

9. How is wild rice prepared in your home?

a) casserole
b) game bird dressing

c¢) turkey or chicken dressing
d) plain side dish
e) meat loaf

g) other (specify)

NN SN NS
N N N N N
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QUESTIONNARIE (contin)

10. How do you cook your wild rice?

a) time
b) temperature
PROBE c) excess water

d) soak overnight
e) degree doneness
f) other (specify)

RN N

11. Where do you obtain your information on cooking wild rice?

a) trial and error )
b) mother, family friends ( )
¢) cookbooks, magazines ¢ )

d) anything else (specify)

SHOW SAMPLES - LET RESPONDENT CHOOSE ONE

12. a) What color would you say is the rice you chose?
b) What does color mean to you?
c) What color of rice would you avoid?
d) What would that color indicate to you?

13. a) I would like you to rank the three other rice on display.
Which would be your second, third and fourth choice?

2nd 3rd 4th

b) Why did you select rice as your last choice?

Finally, just a few background questions and this will complete the interview.

14, Where were you brought up? a) city ¢ )
b) country ( )
¢) other ¢ )

15. How long have you known about and eaten wild rice?

16. How many people in your household? ay 1 -2 ¢ )
b) 3 -4 ¢ )
c) 5-7 ()

17. Which age group do you fall into?

a) under 30 ¢ )
b) 31 - 45 ¢ )
c) 46 - 60 ¢ )
d) 60 - over )

Thank you for participating in our survey.
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APPENDIX 5. Increase in Moisture Content of Wild Rice Cured at 3°C.

% Moisture Content Before Parching

Weeks of Curing

Rice Type
(Variety) 0 1 3 4 5 7 9
Paddy 63.4 63.2 66.5 68.9 70.5 70.4 70.5
Shallow Lake 48.2 54.1
C Harrop Lake 45.1 47.3 52.4 52.6 52.9 55.6 59.6
ﬁ;if;f: Lac la Ronge 45.3 53.3 53.8 53.9 55.8 58.7
Eileen Lake 45.9 48.2

APPENDIX 6. Increase in Moisture Content of Wild Rice Cured at 5°C.

% Moisture Content Before Parching

Weeks of Curing

Rice Type 0 1 3 5 7

Paddy 63.8 68.2 69.5 69.5 70.2

Shallow Lake 48.9 52.1 52.8 52.5 56.4
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APPENDIX 7. Increase in Moisture Content of Wild Rice at 15°cC.

% Moisture Content Before Parching

Weeks of Curing

Rice Type 0 1 4

Paddy 63.9 69.9 T4.4
Shallow Lake 48.1 50.1 53.6
Harrop Lake 46.3 56.3 65.3
Eileen Lake 46.4 49.7 48.1
Lac la Ronge 45.8 47.8 56.4

APPENDIX 8. 1Increase in Moisture Content of Wild Rice Cured at 38°C.

% Moisture Content Before Parching
Days of Curing

Rice Type 0 2 6

Paddy 63.4 66.3 66.2

Shallow Lake 45,1 45.8 51.5
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Appendix 9 Relationship Between Initial Moisture Content, Parching
Temperature, Parching Time and Proportion of Parched Wild
Rice Kernels with Hollow Centers and/or Popped Grains.

Parching Parching Initial % of Whole Wild Rice Kernels
Temp. Time M.C. Popped and/or with Hollow Centers
%
7 Popped Kernels Kernels with

Hollow Centers (%)

Eileen 3°C
65 70 46 0 0
79 55 46 0 0
93 45 47 0 0
107 40 48 0 0
121 30 48 2 3
135 25 48 38 81
149 20 48 49 93

Shallow Lake 3°C

65 70 48 0 0
79 55 48 0 0
93 45 55 0 0
107 40 53 0 0
121 30 54 0 2
135 25 53 20 76

149 20 55 9 89
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APPENDIX 10. Comparison of Acceptability Score of Lac La Ronge Rice Processed
by Systems A and 1.

Experimental Duncan's Multiple
Characteristics Mean F. Value Range Test
Straight 2.4 3.6 A B C D
Dark Brown 1.8 6.1 A B CD 0
Split 2.1 1.6 A B C D
Mushy 4.4 0.2 A B C D
Appearance Acceptable 3.9 1.3 A B C D
Grainy (odor) 3.6 2.2 A B C D
Swampy 3.2 3.7 A B C D
Toasted 2.2 1.1 A B C D
Aroma Acceptable 3.5 6.2 A B C D

|
|

Burnt 1.5 1.1 A B C D
Moldy 2.5 11.6 A B C D
Grainy (taste) 3.1 2.1 A B C D
Earthy 2.2 2.1 A B C D
Bitter 2.1 2.8 A B C D
Sweet 2.7 2.8 A B C D
Taste Acceptable 4.1 5.2 A B C D

Hard 3.2 3.6 B A C D
Cohesive 3.8 1.0 A B C D
Chewy 3.4 2.1 A B C D
Texture Acceptable 3.1 1.5 A B C D
After Taste
Objectionable 4.7 6.6 A B C D
Sample
Acceptable 4.3 6.9 A B C D
Curing System A - 3°C, 95% R.H.
Parching System 1 ~ Low Temperature (79°C)
Storage Time in weeks A ~ 1

B -3

C-5

D-7
Experimental Mean - 1 - Extremely Acceptable

7 - Extremely Unacceptable
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APPENDIX 11. Comparison of Acceptability Score of Lac La Ronge Rice Processed
by Systems A and 2.

Experimental Duncan's Multiple
Characteristics Mean F. Value Range Test

Straight 3.4 1.5 A B C D
Dark Brown 4.2 1.4 A B C D
Split 1.9 0.6 A B C D
Mushy 3.8 2.7 A B C D
Appearance Acceptable 3.2 0.5 A B C D
Grainy (odor) 3.9 0.7 A B C D
Swampy 2.2 4.7 A B C D
Toasted . 4.3 4.8 A C B D
Aroma Acceptable 3.0 11.6 A B C D
Burnt 3.2 3.2 A D B C
Moldy 2.1 14.5 A B C D
Grainy (taste) 3.5 1.3 A B C D
Earthy 2.1 2.5 A B C D
Bitter 2.9 2.7 A B C D
Sweet 1.9 0.8 A B C D
Taste Acceptable 3.6 6.9 A B C D
Hard 3.5 0.3 A B C D
Cohesive 3.7 0.3 A B C D
Chewy 3.7 0.7 A B C D
Texture Acceptable 2.7 7.4 A B C D
After Taste
Objectionable 5.5 6.6 A B C D
Sample
Acceptable 3.4 13.3 A B C D
Curing System A - 3°C, 15% R.H.
Parching System 2 - High Temperature (135°C)
Storage Time in weeks - A - 1

B~3

C-5

D -7
Experimental Mean - 1 - Extremely Acceptable

7 - Extremely Unacceptable
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APPENDIX 12. Comparison of Acceptability Score of Harrop Lake Rice Processed
by Systems A and 1.

Experimental Duncan's Multiple
Characteristics Mean F. Value Range Test

Straight 3.2 1.6 A B C D E
Dark Brown 5.4 3.5 A B ¢ D E
Split 2.6 1.5 A B C D E
Mushy 4.4 1.0 A B C D E
Appearance Acceptable 2.9 3.2 A B C D E
Grainy (odor) 3.5 1.5 A B C D E
Swampy 2.7 1.1 A B C D E
Toasted 2.6 6.2 A B C D E
Aroma Acceptable 3.7 2.3 A B C D E
Burnt 2.2 10.4 A B C D E
Moldy 2.9 0.6 A B C D E
Grainy (taste) 3.1 0.7 A B C D E
Earthy 3.9 1.1 A B C D E
Bitter 2.7 2.2 A B C D E
Sweet 2.1 1.9 A B C D E
Taste Acceptable 4.2 4.0 A B C D E
Hard 4.1 0.9 A B C D E
Cohesive 3.4 1.3 A B C D E
Chewy 4.4 2.0 A B C D E
Texture Acceptable 3.5 3.8 A B C D E
After Taste
Objectionable 4.6 b.b A B C D E
Sample
Acceptable 4.2 2.6 A B C D E
Curing System A - 3°C, 95% R.H.
Parching System 1 — Low Temperature (79°C)
Storage Time in weeks - A -1

B~-3

C -5

D~ 7

E-O9
Experimental Mean - 1 -~ Extremely Acceptable

7 - Extremely Unacceptable
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APPENDIX 13. Comparison of Acceptability Scoreof Harrop Lake Rice Processed
by Systems A and 2.

Experimental Duncan's Multiple
Characteristics Mean F. Value Range Test
Straight 2.9 2.7 A B C D E
Dark Brown 5.9 0.9 A B C D E
Split 2.8 2.7 A B C D E
Mushy 5.4 1.7 A B C D E
Appearance Acceptable 2.9 1.4 A B C D E
Grainy (odor) 3.5 0.6 A B C D E
Swampy 3.7 1.4 A B C D E
""" Toasted 2.9 0.5 A B C D FE
Aroma Acceptable 3.9 2.6 A B C D E
Burnt 2.1 0.4 A B C D E
Moldy 3.5 1.7 A B C D E
Grainy (taste) 2.6 1.0 A B C D E
Earthy 3.0 1.1 A B C D E
Bitter 3.7 1.9 A B C D E
Sweet 2.7 1.1 A B C D E
Taste Acceptable 1.9 0.2 A B C D E
Hard b.b 3.0 A B C D E
Cohesive 4.9 3.4 A C E B D
Chewy 3.0 0.7 A B C D E
Texture Acceptable 4.8 3.2 A B C E D
After Taste
Objectionable 4.4 1.5 A B C D E
Sample
Acceptable 4.8 2.8 A B C D E

Curing System A - 3°C, 95% R.H.
Parching System 2 - High Temperature (135°C)

Storage Time in weeks - A - 1
B -3
C -5
D -7
E-9
Experimental Mean - 1 - Extremely Acceptable

7 — Extremely Unacceptable
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APPENDIX 1l4. Comparison of Acceptability Score of Paddy Rice Processed
by Systems A and 1.

Experimental Duncan's Multiple
Characteristics Mean F. Value Range Test

Straight 2.5 1.8 A B C D E
Dark Brown 2.9 4.2 A B C D E
Split 3.2 2.8 A B C D E
Mushy 4.5 2.6 A B C D E
Appearance 3.5 0.3 A B C D E
Grainy (odor) 3.4 2.3 A B C D E
Swampy 4.0 4.8 A B C D E
Toasted 2.4 2.9 A B C D E
Aroma Acceptable 4.2 4.1 A B C D E
Burnt 1.7 3.4 A B C D E
Moldy 3.6 2.5 A B C D E
Grainy (taste) 2.9 1.4 A B C D E
Earthy 2.8 0.3 A B C D E
Bitter 3.2 0.9 A B C D E
Sweet 2.3 1.0 A B C D E
Taste Acceptable 5.0 4.3 A B C D E
Hard 3.8 1.8 A B C D E
Cohesive 3.4 1.3 A B C D E
Chewy 4.1 1.3 A B C D E
Texture Acceptable 3.7 0.4 A B C D E
After Taste

Acceptable 4.2 4.5 A B C D E
Sample

Acceptable 5.1 3.6 B A C D E

Curing System A - 3°C, 95% R.H.
Parching System 1 - Low Temperature (79°C)

Storage Time in weeks - A - 0
B -1
c-3
D -5
E -7
Experimental Mean - 1 - Extremely Acceptable

7 - Extremely Unacceptable
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APPENDIX 15. Comparison of Acceptability Score of Paddy Rice Processed
by Systems A and 2.

Experimental Duncan's Multiple
Characteristics Mean F. Values Range Test

Straight 2.9 0.4 A B C D E
Dark Brown 4.7 5.6 A B C D E
Split 3.5 0.6 A B C D E
Mushy 4.8 1.2 A B C D E
Appearance Acceptable 3.2 1.7 A B C D E
Grainy (odor) 3.8 1.2 A B C D E
Swampy 2.7 2.5 A B C D E
Toasted 3.8 8.3 A B C D E
Aroma Acceptable 3.8 0.2 A B C D E
Burnt 3.4 5.6 A B C D E
Moldy 2.4 0.4 A B C D E
Grainy (taste) 3.2 0.4 A B C D E
Earthy 2.2 0.7 A B C D E
Bitter 3.4 5.3 A B C D E
Sweet 2.0 0.7 A B C D E
Taste Acceptable 4.3 1.4 A B C D E
Hard 4.7 1.0 A B C D E
Cohesive 3.0 0.2 A B C D E
Chewy 3.8 0.1 A B C D E
Texture Acceptable 3.8 0.2 A B C D E
After Taste
Objectionable 4.3 0.9 A B C D E
Sample Acceptable 4.7 2.0 A B C D E
Curing System A - 3°C, 95% R.H.
Parching System 2 - High Temperature (135°C)
Storage Time in weeks - A - O

B -1

cC~-3

D-3

E -7
Experimental Mean - 1 — Extremely Acceptable

7 - Extremely Unacceptable
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APPENDIX 16. Comparison of Acceptability Score of Eileen Lake Rice Cured
by System A.

Experimental Duncan's Multiple
Characteristics Mean F. Value Range Test

Straight 4.1 29.5 A B CDEVF G
Dark Brown 4.6 21.6 A B C D ETF G
Split 1.5 2.6 A B C D E F G
Mushy 3.5 4.3 A B C D E F G
Appearance Acceptable 4.5 7.6 A B C D E F G
Grainy (odor) 3.7 0.7 A B C D E F G
Swampy 1.9 1.6 A B C D E F G
Toasted 3.8 13.3 AB C D E F G
Aroma Acceptable 3.6 3.3 A B C D E F G
Burnt 3.1 11.6 A B C D E F G
Moldy 1.7 2.3 A B C D E F G
Grainy (taste) 3.0 1.1 A B C D E F G
Earthy 1.9 1.1 A B C D E F G
Bitter 3.4 5.8 A B C D EF G
Sweet 2.0 1.6 A B C D E F G
Taste Acceptable 4.3 6.1 A B C D E F G
Hard 3.3 13.5 A B C D E F G
Cohesive 3.4 0.7 A B C D E F G
Chewy 3.4 13.9 A B C D E F G
Texture Acceptable 3.9 3.2 A B C D E F G
After Taste
Objectionable 4.4 6.0 A B C D E F
Sample
Acceptable 4,7 8.0 A B C D E F
Curing System A - 3°C, 95% R.H.
Parching Systems - A - 3 - 65°C

B - 4 - 79°C

C-5-93°C

D - 6 -107°C

E - 7 —121°C

F - 8 ~135°C

G - 9 —149°C
Experimental Mean - 1 - Extremely Acceptable

7 - Extremely Unacceptable
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Cured by System A.

Characteristics

Straight
Dark Brown
Split
Mushy

Appearance Acceptable

Grainy (odor)
Swampy

Toasted

Aroma Acceptable

Burnt

Moldy

Grainy (taste)
Earthy

Bitter

Sweet

Taste Acceptable

Hard

Cohesive

Chewy

Texture Acceptable

After Taste
Objectionable

Sample
Acceptable

Curing System A - 3°C, 15% R.H

Parching Systems -

Experimental Mean -~

A-3 -
B 4
C 5
D 6
E 7
F 8
G 9

Experimental

Mean

w = uw
£~ B~ 00 00w

NN W N W W w N W
£~ 00 00 M~ owN ~ LUt = WO

LW &~ W w
N W OO

65°C

79°C

93°C
107°C
121°C
135°C
149°C

1 - Extremely Acceptable
7 -~ Extremely Unacceptable

Comparison of Acceptability Score
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of Shallow Lake Rice

. Value

NelNe) We )T NG

N0 O LW

U B~ Ww

Duncan's Multiple
Range Test

A B CDETF G
A B CDETF G
A B CDEF G
A B CDGETF G
A B CDGEPF G
A B CDETF G
A B CDETF G
A B CDETF G
A B CDETF G
A B CDETF G
A B CDETF G
A B CDETF G
A B CDETF G
A B CDEF G
A B CDEF G
A B CDEPF G
A B CDETF G
A B CDZETF G
A B CDGEF G
A B CDETF G
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APPENDIX 18. Comparison of Acceptability Seoxecf Shallow Lake Rice Processed
by Systems B and 1.

Experimental Duncan's Multiple
Characteristics Mean F. Value Range Test

Straight 3.1 18.6 A B C E D
Dark Brown 5.9 3.8 A B C D E
Split 2.2 7.3 A B C D E
Mushy 3.9 2.4 A B C D E
Appearance Acceptable 3.2 0.5 A B C D E
Grainy (odor) 4.3 1.2 A B C D E
Swampy 1.9 1.8 A B C D E
Toasted 2.8 0.8 A B C D E
Aroma Acceptable 2.7 1.4 A B C D E
Burnt 1.8 1.1 A B C D E
Moldy 1.9 1.9 A B C D E
Grainy (taste) 3.4 0.6 A B C D E
Earthy 2.3 1.1 A B C D E
Bitter 1.9 0.5 A B C D E
Sweet 2.4 0.5 A B C D E
Taste Acceptable 3.1 2.6 A B C D E
Hard 4.1 13.5 A B C D E
Cohesive 3.2 0.1 A B C D E
Chewy 4.4 10.4 A D C B E
Texture Acceptable 3.4 0.9 A B C D E
After Taste

Objectionable 5.7 4.6 B A C D E
Sample

Acceptable 3.5 3.3 A B C D E

Curing System B - 5°C, 95% R.H.
Parching -~ 1 - Low Temperature (79°C)
Experimental Mean 1 - Extremely Acceptable

7 — Extremely Unacceptable

~NLhhwkH o

Storage Time in weeks -

A
B
c -
D
E
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APPENDIX 19. Comparison of Acceptability Score of Shallow Lake Rice Processed
by Systems B and 2.

Experimental Duncan's Multiple
Characteristics Mean F. Value Range Test

Straight 3.3 17.1 A B C D
Dark Brown 6.4 2.2 A B C D
Split 2.2 1.5 A B C D
Mushy 5.2 31.2 A B C D
Appearance Acceptable 2.8 2.5 A B C D
Grainy (odor) 4.0 0.1 A B C D
Swampy 1.7 0.5 A B -C D
Toasted 4.2 5.5 A B C D
Aroma Acceptable 2.7 1.8 A B C D
Burnt 2.3 2.2 A B C D
Moldy 1.9 0.7 A B C D
Grainy (taste) 3.5 3.4 B A C D
Earthy 1.7 0.5 A B C D
Bitter 1.9 0.9 A B C D
Sweet 2.2 1.2 A B C D
Texture Acceptable 2.7 1.8 A B C D
Hard 4.6 8.8 A°B C D
Cohesive 3.5 1.2 A B C D
Chewy 4.7 9.8 A B C D
Texture Acceptable 3.6 0.1

After Taste

Objectionable 5.9 0.1 A B C D
Sample

Acceptable 3.2 0.9 A B C D

Curing System B - 5°C, 15% R.H.
Parching System 2 - High Temperature (135°C)
Experimental Mean 1 - Extremely Acceptable

7 - Extremely Unacceptable

l
~ Ut w

Storage Time in weeks - A

B
C -
D
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APPENDIX 20. Comparison of Acceptability Score of Paddy Rice Processed
by Systems B and 1.

Experimental Duncan's Multiple
Characteristics Mean F. Value Range Test

Straight 3.0 6.8 A B C D E
Dark Brown 3.6 10.1 A B C D E
Split 3.3 1.5 A B C D E
Mushy 5.1 4.1 A B C D E
Appearance Acceptable 3.7 2.4 A B C D E
Grainy (odor) 3.8 1.7 A B C D E
Swampy 3.0 5.8 A B C D E
Toasted 3.2 5.9 A B C D E
Aroma Acceptable 3.9 2.8 A B C D E
Burnt 2.7 3.2 A B C D E
Moldy 2.5 1.1 A B C D E
Grainy (taste) 3.6 0.4 A B C D E
Earthy 2.2 1.4 A B C D E
Bitter 2.6 1.2 A B C D E
Sweet 2.1 0.3 A B C D E
Taste Acceptable 4.1 0.9 A B C D E
Hard 4.3 2.4 A B C D E
Cohesive 3.4 2.3 A B C D E
Chewy 4.9 0.3 A B C D E
Texture Acceptable 3.4 0.3 A B C D E
After Taste

Objectionable 5.0 0.8 A B C D E
Sample

Acceptable 4.1 1.7 A B C D E

Curing System B - 5°C, 95% R.H.
Parching System 1 - Low Temperature (79°C)
Experimental Mean 1 - Extremely Acceptable

7 - Extremely Unacceptable

Storage Time in weeks -

~ U w =

A
B
CcC -
D
E



APPENDIX 21.

Characteristics

Straight
Dark Brown
Split
Mushy

Appearance Acceptable

Grainy (odor)
Swampy

Toasted

Aroma Acceptable

Burnt

Moldy

Grainy (taste)
Earthy

Bitter

Sweet

Taste Acceptable

Hard

Cohesive

Chewy

Texture Acceptable

After Taste
Objectionable

Sample
Acceptable

Curing System B - 5°C, 95 % R.H.

Parching System 2 - High Temperature (135°C)
1 - Extremely Acceptable

7 - Extremely Unacceptable

Experimental Mean

Storage Time in weeks -

~NULw i O

S W N W W M~ Ww W~k w
o Ut o~ ~I

RO~ O N

N W
N Oy WL

Experimental
Mean

N~ WO RN

w

w N O LUt~
L1 Oo O o

~N B~ 0o

NHEWERE OO W w

o O
=~ 00N

F. Value

N N

Comparison of Acceptability Score of Paddy Rice Processed
by Systems B and 2.

Duncan's Multiple

Range Test
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APPENDIX 22. Comparison of Acceptability Score of Shallow Lake Rice Processed
by Systems C and 1.

Experimental Duncan's Multiple
Characteristics Mean F. Value Range Test

Straight 2.3 1.4 A B
Dark Brown 5.8 0.9 A B
Split 1.9 2.1 A B
Mushy 4.6 1.9 A B
Appearance Acceptable 3.1 0.5 A B
Grainy (odor) 4.3 2.6 A B
Swampy 5.2 5.3 A B
Toasted 2.1 2.8 A B
Aroma Acceptable 4.7 5.1 A B
Burnt 2.0 2.4 A B
Moldy 3.9 4.2 A B
Grainy (taste) 3.6 1.3 A B
Earthy 2.9 0.6 A B
Bitter 3.1 0.9 A B
Sweet 1.8 0.7 A B
Taste Acceptable 5.3 4.8 A B
Hard 3.8 1.3 A B
Cohesive 4.0 0.9 A B
Chewy 4.2 1.8 A B
Texture Acceptable 4.1 0.7 A B
After Taste

Objectionable 2.8 4.8 A B
Sample

Acceptable 5.7 4.2 A B

Curing System C - 38°C, 95% R.H.
Parching System 1 - Low Temperature (79°C)
Experimental Mean 1 - Extremely Acceptable

7 - Extremely Unacceptable

Storage Time in days — A - 2
B -6
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APPENDIX 23. Comparison of Acceptability Score of Paddy Rice Processed
by Systems C and 1.

Experimental Duncan's Multiple
Characteristics Mean F. Value Range Test

Straight 2.5 1.8 A B
Dark Brown 3.0 4.2 A B
Split 3.2 2.8 A B
Mushy 4.5 2.6 A B
Appearance Acceptable 3.6 0.3 A B
Grainy (odor) 3.4 2.3 A B
Swampy 4.0 4.8 A B
Toasted 2.4 2.9 A B
Aroma Acceptable 5.2 4.1 A B

Burnt 1.7 3.4 A B
Moldy 3.6 2.5 A B
Grainy (taste) 2.9 1.4 A B
Earthy 2.8 0.3 A B
Bitter 3.2 0.9 A B
Sweet 2.3 1.0 A B
Taste Acceptable 5.0 4.3 A B
Hard 3.8 1.8 A B
Cohesive 3.4 1.3 A B
Chewy 4.1 1.3 A B
Texture Acceptable 3.5 0.4 A B
After Taste

Objectionable 4.2 4.5 A B
Sample

Acceptable 5.2 3.6 A B

Curing System C - 38°C, 95% R.H.
Parching System 1 - Low Temperature (79°C)
Experimental Mean - 1 - Extremely Acceptable
7 - Extremely Unacceptable

Storage Time in days -~ A - 2
B-6



APPENDIX 24.
by System D.
Experimental
Characteristics Mean F. Value

Straight 4.3 22.5
Dark Brown 4.2 9.5
Split 1.8 3.4
Mushy 3.9 8.7
Appearance Acceptable 4.3 6.6
Grainy (odor) 3.5 0.8
Swampy 1.9 1.3
Toasted 3.6 9.7
Aroma Acceptable 3.9 3.9
Burnt 3.1 16.5
Moldy 2.1 1.3
Grainy (taste) 3.5 0.6
Earthy 2.1 1.4
Bitter 3.1 3.8
Sweet 1.8 0.7
Taste Acceptable 4.6 1.9
Hard 3.1 9.2
Cohesive 3.6 0.8
Chewy 3.6 9.3
Texture Acceptable 4.0 2.6
After Taste
Objectionable 4.7 2.6
Sample
Acceptable 4.7 6.6
Curing System D - 15°C, 95% R.H.
Parching Systems A - 3 - 65°C

B -4 - 79°C

cC-5- 093°C

D -6 - 107°C

E -7 - 121°C

F -8 - 135°C

G - 9 - 149°C

Experimental Mean - 1

Extremely Acceptable
Extremely Unacceptable

Comparison of Acceptability Score of Eileen Lake Rice Cured

Range Test

144

Duncan's Multiple
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APPENDIX 25. Comparison of Acceptability Score of Shallow Lake Rice Cured
by System D.

Experimental Duncan's Multiple
Characteristics Mean F. Value Range Test

Straight 3.3 33.4 A B CDEF G
Dark Brown 5.7 0.8 A B C D E F G
Split 1.8 2.6 A B C D EF G
Mushy 4.5 2.0 A B CDEF G
Appearance Acceptable 3.4 4.3 A B C D E F G
Grainy (odor) 4,2 0.8 A B C D E F G
Swampy 2.4 1.3 A B C D E F G
Toasted 3.2 10.9 A B C D E F G
Aroma Acceptable 3.5 1.5 A B C D E F G
Burnt 2.7 12.3 A B C D E F G
Moldy 2.5 1.9 A B C D E F G
Grainy (taste) 3.2 2.1 A B C D E F G
Earthy 2.7 0.8 A B C D E F G
Bitter 3.0 2.1 A B C D E F G
Sweet 1.9 0.6 A B C D E F G
Taste Acceptable 4.3 4.7 A B C D EVF G
Hard 3.6 4.5 A B CDETF G
Cohesive 3.8 0.7 A B C D E F G
Chewy 4.1 3.5 A B C D E F G
Texture Acceptable 3.7 2.5 A B ¢ D E F G
After Taste
Objectionable 5.5 1.1 A B C D E F G
Sample
Acceptable 4.1 3.2 A B C D E F G
Curing System D - 15°C, 957 R.H.
Parching System — A - 3 - 65°C

B -4 - 79°C

cC-5- 93°

D - 6 - 107°C

E -7 - 121°C

F - 8 - 135°C

G - 9 - 149°C

Experimental Mean - 1 - Extremely Acceptable
7 ~ Extremely Unacceptable
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APPENDIX 26. Comparison of Acceptability Score of Wild Rice Processed
by Systems D and 1.

Experimental Duncan's Multiple
Characteristics Mean F. Value Range Test

Straight 2,7 3.2 A B C
Dark Brown 3.6 12.9 A B C
Split 2.3 1.5 A B C
Mushy 4.3 0.9 A B C
Appearance Acceptable 3.8 1.2 A B C
Grainy (odor) 2.1 2.6 A B C
Swampy 5.0 14.5 A B C
Toasted 1.3 0.3 A B C
Aroma Acceptable 5.0 4.2 A B C
Burnt 1.6 0.7 A B C
Moldy 4.7 13.8 A B C
Grainy (taste) 2.2 2.6 A B C
Earthy 3.3 0.8 A B C
Bitter 3.7 1.1 A B C
Sweet 2.0 0.5 A B C
Taste Acceptable 5.6 4.7 A B C
Hard 4.0 1.9 A B C
Cohesive 3.9 0.8 A B C
Chewy 4.2 0.7 A B C
Texture Acceptable 3.6 1.0 A B C
After Taste

Objectionable 2.3 2.8 A B C
Sample

Acceptable 5.5 4.3 A B C

Curing System D - 15°C, 95% R.H.
Parching System - 1 - Low Temperature (79°C)
Experimental Means - 1 - Extremely Acceptable

7 — Extremely Unacceptable

A - Harrop
B - La Ronge
C - Paddy
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APPENDIX 27. Comparison of Acceptability Score of Wild Rice Processed
by Systems D and 2.

Experimental ' :
Characteristics ’ Mean F. Value DunEZE z ?Zizlple

— S LS RKange lest
Straight 2.8 1.2 A B C
Dark Brown 4.2 3.7 A B C
Split 2.5 0.9 A B C
Mushy 4.3 4.5 A B C
Appearance Acceptable 3.3 1.1 A B C

Grainy (odor) 3.5 0.8 A B C
Swampy 4.5 1.2 A B C
Toasted 2.8 1.0 A B C
Aroma Acceptable 4.8 1.7 A B C
Burnt 2.2 0.5 A B C
Moldy 4.3 14.8 A B C
Grainy (taste) 3.0 1.2 A B C
Earthy 3.3 6.9 A B C
Bitter 3.3 4.3 A B C
Sweet 1.9 0.3 A B C
Taste Acceptable 4.8 3.9 A B C
Hard 4.2 0.9 A B C
Cohesive 3.4 1.5 A B C
Chewy 4.1 1.0 A B C
Texture Acceptable 4.0 0.5 A B C
After Taste

Objectionable 3.4 1.9 A B C
Sample

Acceptable 5.8 2.3 A B C

i Curing System D - 15°C, 95% R.H.
RN Parching Temperature System 2 — High Temperature (135°C)
Experimental Mean - 1 -~ Extremely Acceptable
7 - Extremely Unacceptable

A - Harrop
B - La Ronge
C - Paddy
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APPENDIX 28. Comparison of Acceptability Score of Crowduck Lake Rice Processed
by System E, F, and 6.

Experimental Duncan's Multiple
Characteristics Mean F. Value Range Test

55% R.H. 75% R.H.
Straight 2.6 4.6 A B C B A C
Dark Brown 5.1 0.9 A B C A B C
Split 1.9 1.2 A B C A B C
Mushy 4.2 2.7 A B C A B C
Appearance Acceptable 2.7 3.0 A B C A B C
Grainy (odor) 3.8 0.8 A B C A B C
Swampy 2.2 0.8 A B C A B C
Toasted 2.1 0.3 A B C A B C
Aroma Acceptable 2.7 1.0 A B C A B C
Burnt 1.7 1.5 A B C A B C
Moldy 2.2 1.8 A B C A B C
Grainy (taste) 3.3 0.7 A B C A B C
Earthy 2.0 1.0 A B C A B C
Bitter 2.2 1.0 A B C A B C
Sweet 2.9 1.2 A B C A B C
Taste Acceptable 3.0 0.8 A B C A B C
Hard 3.3 1.5 A B C A B C
Cohesive 3.4 1.3 A B C A B C
Chewy 4.0 1.2 A B C A B C
Texture Acceptable 3.0 0.7 A B C A B C
After Taste
Objectionable 5.8 0.7 A B C A B C
Sample
Acceptable 2.9 2.0 A B C A B C

Curing System E - 10°C, 75% R.H.
Curing System F - 10°C, 557 R.H.
Parching System 6 - (107°C)

Storage Time in weeks ~ A - 1
B -3
C -4

Experimental Mean - 1 - Extremely Acceptable
7 - Extremely Unacceptable
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Comparison of Acceptability Score of 75 Paddy Rice Processed

APPENDIX 29.
by Systems E, F and 6.
Experimental
Characteristics Mean
Straight 3.1
Dark Brown 3.6
Split 2.4
Mushy 4.3
Appearance Acceptable 3.7

Grainy (odor)
Swampy
Toasted

Aroma Acceptable

Burnt
Moldy

Grainy (taste)

Earthy
Bitter
Sweet

Taste Acceptable

Hard
Cohesive
Chewy

Texture Acceptable

After Taste
Objectionable

Sample
Acceptable

WD N w = Www
SN O W oo LO O W

WS~ ww
~ N W o

Curing System E - 10°C, 75% R.H.
Curing System F - 10°C, 55% R.H.
Parching System 6 - (107°C)

Storage Time in weeks -

A-1
B - 3
C -4

4.

2.

Experimental Mean - 1 — Extremely Acceptable
7 — Extremely Unacceptable
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F. Value

9

1

Duncan's Multiple

Range Test
557 R.H. 75% R.H.
A B C A B
A B C A B
A B C A B
AB C AB
A B C A B
A B C A B
A B C A B
A B C A B
A B C A B
A B C A B
A B C A B
A B C A B
A B C A B
A B C A B
A B C A B
B A C B A
A B C A B
A B C A B
A B C A B
A B C A B
A B C A B
A B C A B
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APPENDIX 30.

Rice Type

Shallow Lake
Harrop Lake
Lac La Ronge
Paddy

Note:

APPENDIX 31.

Rice
Type
Lac La Ronge
Shallow Lake
Harrop Lake

Paddy

N.B. Diameter (width)

Wild Rice Selection by Color Preference
(Samples Selected as First Choice on the Basis of Color)

Number of

Respondents

45
17

i[\) (@)

~3
o

Wild Rice Selection by Size Preference.

Average Length of
Kernels in cm.

Number of

Respondents

29
23
15
3

70

of rice kernels approximately 0.2 cm.

150

Percent

64.3
24.3
8.6
2.8

100.0

Percent

41.4
32.9
21.4
4.3

100.0

Rice color in descending order of darkness was Shallow Lake, Harrop
Lake, Lac La Ronge and Paddy.



APPENDIX 32. Characteristics of Respondents (2)

Characteristics

Professionals
White Collar
Blue Collar
Student

Totals

Characteristics

Professionals
White Collar
Blue Collar
Student

Totals

Number of Times
Wild Rice is
Served at Home

Once/month
Once/year

2-3 Times/year
>4 Times/year

Totals

Number of Persons per Household

151

5 -7

Number Percent

(1.~ 2) (3 - 4)
Number Percent Number Percent
5 41.7 28 68.3
4 33.3 6 14.6
1 8.3 5 21.2
2 16.7 2 5.9
12 100.0 41 100.00

13 76.5
4 23.5
17 100.00

Number of Times Wild Rice is Served at Home

Once/month
No. %
7 70
3 30
10 100.0
a -2
No. %
2 16.7
2 16.7
3 25.0
5 41.6
12 100.0

Once/year 2-3 times/year
No. % No. %
8 80 14 53.8
2 20 7 26.9
- - 3 11.5
- - 2 7.8
10 100.0 26 100.0

Number of Persons per Household

More than &4

(3 - 4)
No. %
4 9.8
4 9.8
18 43.9
15 36.5
41 100.0

times/year
No. %
16 66.7
3 12.5
3 12.5
2 8.3
24 100.0
5 -7
No. %
5 29.4
3 17.7
5 29.4
4 23.5
17 100.0



