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ABSTRACT

Processing Systems of Manitoba Lake and Paddy Wild Rice

by

Jimmy K. Chung

Colour, flavour, percent breakage and cleanliness are the
main criteria for judging the quality of finished wild rice. The
present study is an attempt to investigate some of the problems in
the wild rice industry today. The study was designed to evaluate the
optimum processing system for Manitoba lake and paddy wild rice.
Results indicated that good quality wild rice was obtained when low
temperature curing and parching brocesging,were used. In addition,
the hulling study indicated that extended curing periods and hulliﬁg
after storage would increase the breakage of the rice. Above all,
the percent yield can be maximized if the processing system is carefully
controlled. The flavour characteristics of wild rice were-also
investigated in this study, and 24 sensory characteristics were identified.
Specific sensory characteristics such as swampy odour, mouldy and strong,
earthy taste and mushy texture were noted to be the main factors which

contribute to unacceptability of finished wild rice.
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I. INTRODUCTION

Wild rice is an aquatic cereal, native to North America. The
species common to Manitoba are annual pollinated grasses. This rice
has been used by Indian Tibes of the tall grass prairie region as a
staple food for over 300 years. Paddy production of wild rice was not
started until the white man decided to expand the wild rice industry
in the mid-1960's. Since then, the production of paddy rice has
increased to two or three times that of the lake wild rice. Wild rice,
including its several varieties has an extensive distribution in
eastern North America, reaching from the northern end of Lake Winnipeg
eastward along the northern shores of the Great Lakes and the St.
Lawrence river to eastern New Brunswick, from the central Dakotas,
western Nebraska and eastern Texas, to the Atlantic Ocean, and along
the coast as far as central Florida (34,33). Among these areas,
Minnesota, Manitoba, Wisconsin and Northern-Western Ontario are
estimated to have the highest production.

Wild rice is a nutritious food when compared to the other cereal
products. Wild rice is relatively high in protein and low in fat con-
tent (33). The first recorded analysis of wild rice was made in 1862
by Peters (6,29) who reported that the seed contained 6.71 percent of
protein, and was made up of 12 percent hulls and 88 percent hull free
kernels. Woll, in 1899 (6,37) stated that wild rice was richer in both
protein and nitrogen-free extract than other cereals and hence should
haQe a higher food value. The protein content of the wild rice sample
studied by Woll averaged about twice that reported by Peters. Kennedy,

in 1929 (20) showed that wild rice resembled other grains by the fact




that it was relatively rich in vitamin B and relatively deficient in
vitamin A and some other minerals. In 1942, Nelson and Palmer, (28)
further showed that parched rice could be regarded as a good source of
thiamine, riboflavin and nicotinic acid. Recent studies (15,12) showed
that 100 grams of raw wild rice contained 353 calories, 6.2 mg of
niacin and 14.10 gm of protein.

At the present time, wild rice is no longer used as a staple food
by the Indians, however, it still remains as a most important supple-
mentary food and a source of much needed income for them. The price of
the rice has been raised from 10 cents a pound before the First World
War to approximately $6.00 per pound in 1972 (36). Due to the high
cost, not many people can afford to consume the rice. In spite of this,
the white man has introduced about 45 recipes for the preparation of
wild rice, ranging from game-bird stuffings to tempting desserts (33).
The common way to prepare wild rice is by cooking it in boiling water
until the rice becomes tender.

In the wild rice industry today, quality standards have not been
established for the finished product. Wild rice that appears on the mar-
kets usually has a poor appearance, lacks proper colour and is without
a standard grading size.

The present study examines the different methods of wild rice
processing and has the following purposes: (a) To evaluate the
different methods of wild rice processing by using different periods of
time and temperatures. (b) To determine which method willvimprove the
overall quality of the finished wild rice. (c) To study the effect of
curing and parching on-the yvield and ease of hulling of wild rice.

(d) To characterize the flavour of finished wild rice.




II. -LITERATURE REVIEW

Carr (6,9), in 1895‘reported that wild rice served the Indian both
as food and revenue; hence was of great importance to the various tribes
of the Great Lakes region. Althouygh the Indian had started to process
wild rice many years ago, there was no literature written about their
skill of practice and the economic importance of wild ricé production.

The earliest literature and records indicated that éxtensive harvesting

of wild rice has been carried on for only three to five hundred years (33).
This source of information was based on the culture of some Indian tribes.
When white man migrated to the wild rice regions around the mid-18th
century, records revealed that he had t§ depend upon this crop as a staple
and winter food. Before the 20th century, the Indians harvested the rice,
hand processed the crop énd sold the finished rice to the white man.
However, since the turn of the century, the white man has started tp
harvest and process wild rice.

An increased demand for the product since World War I has placed a
"much higher requirement on production. Mechanical harvesting methods
and semi-mechanical processing methods were introduced. There has been
a greatly increased production of wild rice in the past two decades
especiallybafter the wild rice industry was modernized by utilizing paddy
production. The first true commercial paddies were developed in
Minnesota in 1964, and since then, the paddy development expanded-rapidly
into Wisconsin, Manitoba, and some areas in Ontario, Saskatchewan,

Alberta and Michigan. Paddies are usually built in those:regions where
wild rice grows naturally. After ten years of paddy production, problems
such as lateness of maturity, susceptibility to helmintﬁosporiﬁm'diseasé

and uniformity of type and non-shattering of seed are-still troublesome.




for the growing of paddy wild rice (5).,V
2.1. Methods of wild rice processing.

Harvesting of wild rice usually takes place in late August and can
be done either by hand or by machines. Two or three gatherings are
made during the harvesting season, extending over a period of 15-20
days. After harvesting the wild rice has to be processed before it
Becomes a marketable product. The purposes of processing wild rice are
to change the overall quality and yieid of the rice as well as to allow
thg final product to have a logger storage life. |

All méthods of wild rice proéeséing include the following sﬁeﬁs:
(a) Cﬁring: A stage in which the immature grains are allowed to-
pass into a ripér stage of ﬁaturity. Many soft grains become firm
accoﬁpanied with the development of a darker colour (14) and produc;
flavour is enhanced. The degradation of hulls through curing will
facilitate hﬁll removal in the later stage of the process (13). -
During the curiﬁg period, the rice kernels not only‘changevtheir colour
but also become less fragile (35). Curing can be done by sﬁreading the
rice on the floor in open air or by storing it in a controlled atmosphere.
The former one -is called natural éuring and thé latter one is callgd
controlled curing.

(b) Parching: In this second stage of the process, all the chemical,
physical and biological changes that have been taking place in the rice
during the curing procedure will be stopped by this drying process.‘ The
purpose of parching is to lower the moisture content of ﬁhe rice to an
aéceptablé levél which is betweeh 7%—lOZ moisture content. This level

of moisture content will help the rice to have a longer shelf life and




a higher hulling efficiency. Like curing, parching will also effect

the fragility and flavour of the product (13).

(é) Hlulling and cleaning: Hulling is a process that separates the
outer hull from the hard rice kernel. After parching, the kernels are
firm and hard and lie loosely within their dry and brittle hulls. It

is the rubbing and beating action that separates the hulls from the hard
kernels. Different machines have been designed to hull rice and they
all foilow the same principle. During this process, breakage and
scarification will occur in the rice. Care must be maintained when
operating the hullers, because breakage of rice will cause a lower yield
of head rice (whole rice) and scarification of rice will change the
cooking characteristics of the rice (35). The hulling and cleaning
process takes place at.the same stage. Once the hulls are separated
from the rice kernels, a counter—current air stream blows the hulls off

into a collecting pan.
2.1.1. 0l1d methods of wild rice processing.

In the past, harvesting and processing of wild rice were done by
the Indians. Their methods of processing were simpie, primitive but
practical. No mechanical method was involved. During the curing
process, the freshly harvested grains were allowed to dry under the sun.
In some Indian tribes, curing was done by means of small fires (6,18).
After this process, the dry grains were kept until it was convenient to
do the parching. When parching, a small amount of rice was put into a
copper or iron kettle over a small fire and heated rather strongly for
15 minutes to half an hour until the hulls became dry and brittle. The
rice was stirred from time to time with a wooden paddle so aé to prevent

any rice being overheated. The rice was allowed to cool after parching.



It was then placed in shallow holes lined with clay and with animal

skins around the side to serve as a mortar. A man who acted as the
péstle would stand on the rice and tread the rice by a rhythmic move-
ment of his whole body coupled with shuffling of the feet. This

action caused the rice to rub against one another and the husks were then
rubbed off (34). Different Indian tribes used different processing

methods. However, the idea was the same.
2.1.2. Current methods of wild rice processing in Manitoba.

In the éresent wild rice industry, the techniques of wild rice
processing are highly varied. Each processor has developed his own
technique and designs his own equipment for the process. In Manitoba,
the equipment used by the different processors are similar. Harvesting
of wild rice is mostly done by the indians from a nearby reserve. In
certain areas of Manitoba such as Lac du Bois, machines have been
constructed to do the harvesting (14). The freshly harvested wild rice
is packed in cloth bags and transported to processing plants for immediate
processing (Figure 1). Curing of wild rice takes place in open air. The
green rice is spread out on the ground piling up to a height of about one
to one and a half feet. Some processing plants even pile up the rice to
a height of about three feet.so as to accelerate the curing process.
During curing, the rice is turned over or stirred at least once a day
and water is added to the rice frequently. The purpose of doing this is
to prevent any heat accumulation in the rice bed. The temperature of
the rice bed usually ranges between 37.7 C to 48.8 C depending upon the
bed depth. The rice is then kept under natural conditions for a certain

period of time until the rice turns to a darker colour.




Figure 1. A Flow Diagram on Wild Rice Processing

Harvestingee—3 Washing— Curing——> Parching=——>> Hulling—3> Cleaning~——2» Packaging



After curing; the rice is parched in ovens which are cylindrical in
structure. Gas heating is applied from below. The oven rotates during
parching to provide agitation of rice so that certain portions of the
rice will not be overheated. Upon completion of drying a conveyor belt
carries the parched rice from the oven to the huller. The huller is also
a cylindrical container mounted in a stationary position and the axle of
the huller to Which flails covergd with pieces of rubber hése are
attached, is rotated by motor power (14). The speed of the flails is
carefully adjusted, so that breakage of the kernels caused by hulling
can be minimized. The beating action of the flails on the rice and
the rubbing action between the rice causes the hulls to be separated
from the hard kerneis.

Another type of huller, which is not currently used in Manitoba,
is the Kyowa huller (Figure 2). This huller is manufactured in Japan
and is designed for hulling white rice (31). 1In 1971, this huller was
effectively adapted to the wild rice industry (30). Referring to |
Figure 2; dried rice gravity-feeds down between. rubber surfaced rollers
which turn in opposite directions and at different speeds. The pressure
between the two rollers is fegulated by a pneumatic cylinder and can be
varied. This is one advantage for using this huller, because different
varieties of rice require different shelling preséu?és. The efficiency
of the huller is about 92% (31).

After hulling, the rice is cleaned and size graded by the-normal
seed-cleaning 6peration5‘adapted from the grain industry. Thejaverage
yield for Manitoba wild rice is 407%-457%. This percentage indicates
.that 40-45 1bs. of finished wild rice is obtained from 100 1lbs. .of

‘green rice. The average for paddy wild rice is:10=20%.. Althbﬁgh;the

present methods of wild rice processing are accepted commercially, some
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improvements in both the equipment and techniques are required if

production and quality of wild rice are to be improved.
2.2 Laboratory research on wild rice processing.

Since the mid—l960; people have paid more attention to the quality
of finished wild rice than ever before. Workers from various Universities
have recently started research on wild rice processing and have tried to
establish a standard processing method to improve the quality of the
final product. The expectation is to produce a uniform final product
which will sétisfy the consumer demand. The University of Wisconsin
started the research on wild rice processing in 1969. The specific goal
of their research was to provide a better economic base for the people
of the wild rice region through a sound product, processing and marketing

program (35). Their program is still continuing.
2,2.1. Curing studies

The University of Wisconsin team initiated studies on the curing
of wild rice. They tested three systems, namely, the dry, wet and
cooler methods (35). Wooden bins were used to store the rice during
curing. Theilr results indicated that the wet method showed a small
increase in yield during cdfing, while the yield for the dry and
cooler methods remained constant except for a slight decrease in the
fifth week. [Ixtended curing for all treatments resulted in decreased
yield. This was due to excessive slimy formation which led to caking
of the rice on the surface of the parcher and resulted in kernel damage
through scorching and popping. In addition, respiration of the rice,

microbial degradation and kernel fragility contributed to the loss.
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After three years' study on curing, they found that the dry
method and non-turniﬁg of wild rice during curing could not be
recommended because of the development of an excessive amount of mold
and kernel damage which occurred during extended storage. This led
to severe off;flavour and'a potential mold-toxin health hazard in the
finished product. The wet and cooler methods produced acceptable
finished rice. An exception was noted for paddy-raised non-shattering
wild rice which developed an excessive amount of slime during the
ambient wet method of curing. It was suggested that the use of cooler
methods (SOO'F, 10° C) for curing was beneficial in slowing down the
rate of microbial action. This delayed the onset of kernel degradation
and thereby extended the optimum processing time for wild rice. They
further pointed out.that microbial action began_to degrade the pro-
tective hull after a period of time. This depended on the temperature
and moisture content of the fermenting pile. Rapid degradation occurred
at a high temperature and moisture. The partially degraded hulls became
easier to remove during hulling, thus increasing yields by reduéing
kernel breakage in the huller. As curing progressed a point was reached
where the microbes actually began to penetrate and to degrade the ker-
nels themselves. This caused the kernels to become more fragile, and
resulted in easily broken and pulverized kernels during hglling. The
net result was a decrease in yield (35).

In 1972, they started using a controlled environment chamber for
the curing of wild rice (13). This was an attempt to control the
temperature and relative humidity of the environment through-out the
entire period of curing. Metal bins were used to hold the wild rice for
curing. Ambient temperature (cycled between 10° ¢ and 27° C) and cooler

temperature (10o C) were used along with a constant relative humidity
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of 95% (13). Data showed that the yield of wild rice cured at -ambient
conditions decreased‘progressively through the five weeks' curing while
tﬁe yield of the cooler stored sample remained relatively constant for
the first two weeks and then progressively decreased. Their yield data
appeared to bé in agreement with years past. However, a difference in
pile temperature was observed between the two studies. A relatively
higher pile temperature was recorded in the curing studies of 1970 and
1971 while, in 1972's curing study, a relatively lower pile temperature
was observed. The reasons were due to the immaturity of the 1972 rice

and improved aeration of the 1972 rice during curing. Other changes

such as colour and odour were observed in the curing rice (13). Lake
rice was darker initially than paddy rice and continued to develop
darker kernels much faster than paddy rice. Swampy odours were detected
during the later stages of the curing process.

The main objective of the 1973 study at Wisconsin was to evaluate
the different techniques that could be used to extend the curing time
for wild rice (;5). One important result was the report of botulism-

type organisms on the rice pile cured under an anaerobic condition.

Their results indicated that aeration was an important factor for curing.

It did not only effect the pile temperature of wild rice but also the
pH of the rice. Both temperature and pH affected the type of micro-
organisms found on the rice.

Kernel fragility is one of the main factors that effect the quality
of wild rice. It was found that the length of the curing time did not
markedly affect this factor. Freezing treatmenf before curing, however,

: )
increased kernel fragility (éé). This was due to stress development

during rapid freezing.

The Wisconsin study demonstrated that the temperature used in the
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curing process and the length of time that rice is held in curing storage
will affect the yield of finished rice. Their data indicated that the
pércentage yield of rice cured at a lower temperature will have its
percentage yield decreased in a slower rate than rice cured at a higher

temperature (29).
2.2.2. Parching studies

Parching studies on wild rice have been carried out at the
University of Wisconsin since 1970. The purpose of their studies was
not only conéerned with how to dry the rice in the least possible time,
but also with how to obtain the maximum whole rice yield after hulling
(13). Their studies indicated that the design of the parchers, drying
time and temperature effected the quality of the final product.

Wild rice was susceptible to popping and fragile kernels resulted
if the rice was not agitated during parching. In addition, rice
cured for an extended period of time was easily burnt if a temperature
of 82.2° C or above was used. Their data on wild rice texture indicated
that scorched or burnt rice took up water faster during cooking. This
change of cooking éharacteristics altered the texture of the cooked
rice (13). Paddy rice was the most difficult among all the types of
wild rice to parch. An advantage of parching, as reported by the
researchers, was that it weakened the hulls of wild rice through scorching
and thus promoted easier hulling (6).

Results of the 1972 studies demonstrated that the yield increased
as drying time decreased (13). However, the high rate of drying was
not considered a good method for practical purposes (4). The advantage

in using this method was that it turned out a large volume of grain in

a shorter period of time even when using a small holding capacity dryer (4).
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Wisconsin workers further showed that, for slow drying, the yield was
decreased because low temperatures Qere ugsed (13). This low temperature
was below gelatinization temperature (62°C - 65° C) (23) and consequent-
1y a more fragile kernel resulted; 'As a consequence most of the kernels
cracked duriﬁé hulling.

The height of the rice bed in the parching operation had an effect
on the percentage yield of the rice (9). A stationary rice bed depth
of six inches was recommended in order to prevent any yield loss (13).
A study on drying of seeds by Nellist and Hughes (27) revealed that the
use of excessive heat during the drying of seed would lead to internal
cracks and discolouration of the product. Ban (4) also reported that

sudden drying or high rate drying was the major cause of rice cracking.
2.2.3. Hulling studies

The percentage head rice is considered as a quality and economic
factor of the finished rice. Head rice, as defined by the wild rice
industry is the percent of whole and unbroken kernels in a sample (35).
Most kernel breakages occurred during the hulling process. A portion of
the breakages occurred due to improper operation of the machinery and
the rest are a result of improper curing and parching. The,different
designs of hullers are believed to effect the percentage yield of head
rice (35,13). In 1971, Matthews, Veal and Deobale (26) showed that the
laboratory Mcgill huller broke slightly more rice than the commercial
Kyowa huller.

In 1973 a laboratory model Kyowa huller was used in the University
of Wisconsin to hull small sampies of wild rice (29). Data indicated
that 90-95% of hulls were removed in a single pass. This figure is

an indication of huller performance. The huller performance is evaluated
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in terms of huller efficiency.

.

In addition to rice breakage, as reported by the Wisconsin workers,
hulling also led to scarification of wild rice. These two*factors sub-

sequently effected the cooking characteristics of the product (13).

2.2.4. Evaluation of appearance, flavour and texture.

The many methods of wild rice progessing give rise to final products
with many variations in appearance, flavour and texture. Some of these
variations are generally unacceptable. Therefore it is important to
study how the different types of flavour develop throughout the process
and how the proéess effects the a?pearance and texture of the product,
in order to have controls on the process.

Sensory evaluation of wild rice was first started in 1970 (35) at
the University of Wisconsin. The taste of wild rice was described at
that time as bland, grassy, moldy, éwémpy, bitter, toasted, medicinal
'and starchy. More information was oBtained from 1971's and 1972's study
(13). Taste panel data showed patterns of wild rice flavour development.
The ambient temperature curing'yieids full flavoured wild rice after
one week and only limited moldy flavour developed after five weeks., The
cooler temperature curing yielded a more consistent product with a less
intense tea-like flavour. A slightly earthy flavour became apparent
after two week's holding, and even after five week's holding the flavour
was not highly pronounced. On the other hand, the tea-like and grainy
flavour became less pronounced as curing progressed. Data also showed
that parching process added toasted flavour to the product and this

flavour was partly due to the slimy nature of the rice after extended
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curing time. This phenomenon is more likely to happen on paddy rice.

In addition to flavour evaluation, a study on appearance and
textural qualities was also reported by the researchers at the University
of Wisconsin (13). fhis study revealed that’ the time for the conversion
of the greenish-black colour of the kernel to a brownish—black colour
was one to two weeks for ambient curing conditions and three or four
weeks for cooler conditions. The other appearance characteristics
rice such as kernel breakage, splitness and curliness were mainly
‘affected by the parching and hulling procesées. The texture of wild -
rice did not appear to be affected by curing, unless severe moid damage
to kernels oécurred. In such cases the kernels took up water more
rapidly and became split, soft and overcooked. Similar to the appear-
‘ance character, the texture was mostly affected by the parching ana
hulling processes. |

Paddy rice behaved similarily with lake rice in most of these

characteristics except that a lack of flavour development was noted (13).

'This was due to the immature nature of the rice.

Further research.on wild rice flavour was;carried out in 1973 (.30).
Most of the data showed agreement with preQious results except the |
development of a toasted flavour as mentioned before. Data showed that
parching of wild rice did not contribute a toasted flavour to the wild
rice. Moldy flavour wasvcontrollea by curing the rice at a lower
temperature (4.4 C). A study on chemical freatment of wild-rice showed
that wild rice treated with chemical such as chlorine-or sorbate before
curing yielded a strong chemical and medicinai'flavour which was-highly

undesirable (30).
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2.3 Other factors that affect the process and the product qualities.

Colour, flavour and percentage breakage are the main criteria for
judging the qualities of finished wild rice. These quality characters
are not only affected by the different curing, parching and hulling
techniques, but can also be affected by factors such as seed maturity,

freezing of seeds before processing and moisture content.
2.3.1. Seed maturity.

Due to the fact that wild rice matures unevenly, part of the
immature wild rice is harvested for processing. During the curing
process, the immature wild rice does not undergo the same changes as
mature wild rice, and this results in a great variety of quality in the
final product (13,25). Capen and LeClerc in 1947 (6) showed that the
immature seed was only slightly pooref in protein and was somewhat
higher in sulfer than mature seed. They further reported that the
mature wild rice was one-third heavier than the immature rice. A study
on premature grains shows that immature grains reduces both yield and
quality of the product and is low in starch content (24). In addition,
immature kernels are subjected to easy breakage (25) and lack flavour
(13). During the curing procedure, a higher pile temperature was
recorded for mature wild rice.and this enabled the rice to change its

overall quality and immature rice did not appear to react the same (13).
2.3.2. Frozen storage before processing.

More than a century ago, Scharling observed that when starch
pastes were frozen and thawed they form a spongelike mass (19). Current

research by Jones (19) on white rice showed that freeze-processing
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structurélly changed the final produét. Further reSuits indicated that

freeze-processed rice was fouﬁd to be more resistant to attack by

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

drying, revealed tha£ frbzen storage had no effect on the dryiﬁg process.
In 1970, it was reported from the University of Wisconsin, that N

laboratory holding of freezing greenm wild ricé showed very few changes

had occurred over a year's storage. However, the freezing-process

might alter the microbial populations and subsequently affect the curing

process (35). Further research in 1973 (13), had showed that freeze—

processed wild rice was lower in yield and had a poor hulling efficiency.

The product demonstrated excessive cracking and had white centers.

However, this method of processing showed no effect on the flavour of the

rice (30).

The literature review reveals the current knowledge on the commercial
and laboratory wild rice proéessing. Unfortunately, information con-
cerning the>quality.standard of wild rice is not available at the present
time. As the popularity of wild rice'inc;eases, a grading system for
" the product is highly desirable. Food scientiéts at the University of
Wisqonsin have noted that, in the establishing of grades for the wild
rice, it would be ideal if all descriptions could be in concrete and
measurable terms (35). They have further suggested that when grading
wild rice, factors such as kernei size, kernel damage, broken kernels,
chalky kernels (opague centers) and.colour are needed to be consi&ered.
However, even with modern -day instrumeﬁts, it is impossible to measure
all quality factors in a positive or numerical value. More positive

descriptions will be awvailable in the future as more economical, precise

quality measuring equipment are-developed (35). The.present*study"extends
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the knowledge on processing systems with specific emphasis on methods

and materials.
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ITI. METHODS AND MATERIALS

3.1. Experimental Design:

3.1.1. Introduction.

The Department obtained 1,000 pounds green lake rice and 300
pounds green paddy rice from the Indian Rice Producers co-op Limited in
late August, 1973. This lot of wild rice was processed in early 1974
after 6 months storage at a temperature of -32°F. 1In September, 1974,
the Department purchased another 500 pounds of green lake rice from
Eileen Lake and 500 pounds of green paddy rice from Sprague. This
rice was processed immediately after harvesting. All wild rice either
for frozen storage or for direct processing were thoroughly washed in
order to remove sand, worms and plant debris. About 100 pounds of
cured lake rice was purchased from Northland Wild Rice Company, Winnipeg,
for preliminary studies on parching.

Two controlled envigénment cabinets with internal measurement of
5'6" x 776" x 8" high were purchased from P.M. Industries, Winnipeg,
and were installed in the Department (Figures 3 + 4). A fan was designed
for air exchange between the inside and the outside air. The air was
changed at a rate of 1,270 c.f.m..

A two-burner Jabez Burns coffee roaster was purchased second hand
from Clubhouse Coffee in Toronto for our parching studies. Each of
the two units were capable of holding a maximum of one pound of rice.
The units were heated with gas jets and rotated at a speed of 55 r.p.m.
(Figure 5). The motor used to rotate the units was 1/6 h.p..

A single roller huller designed by a technician in the Department
of Plant Science was used for hulling studies. The metal roller was

covered with rubber (Figure 6). A 1/6 h.p. motor was used for turning
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Figure 5. Jabez Burns 2 Unit Coffee Roaster with Thermocouples Hooked to the
Multipoint Recorder
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the roller and the fan for hulling and cleaning purposes. The efficiency
of the huller varied and was dependant upon the treatment of the rice
prior to dehulling.

The parched and hulled wild rice was cleaned and separated into
broken and unbroken grains by passing the rice through a clipper cleaner,
manufactured by A.T. Ferrell & Co., Sagiﬁaw, Michigan. The finished
wild rice was quality evaluated for three main characteristics, colour,
kernel breakage and flavour since they were considered to be the major
factors affected by the various processing systems. The raw data was
analysed statistically utilizing the randomized blocks design and the

means were evaluated by the Duncan Multiple Range test.
3.1.2. Design of curing and parching studies.

Mixed lots of lake and paddy wild rice harvested in late August
were obtained by the Department in early September 1973. The rice was
thoroughly washed, packed in cloth bags and was stored for six months
at a temperature of -32°F before processing. In September, 1974,
another lot of lake and paddy wild rice was obtained by the Department.
This rice was processed immediately after washing. The curing and
parching environments for these two seasons' wild rice were the same:
a) Treatment 1l: The curing temperature was 10°C with a relative
humidity of 957. One randomized sample was removed each week for a
period of 9 weeks. This sample was parched uéing 2 different times and
temperatures as follows;

1. ZLow temperature parching: Initial temperature of the rice
was the same as room temperature and was gradually raised to 79.5°C.
The entire parching time was 50 minutes.

2. High temperature parching: Initial temperature of the rice
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was the same as room temperature and was gradually raised to 135° c.
The entire parching time was 25 minutes. |

b) Treatment 2: The curing temperature was 21.1° C with a relative
humidity of 95%. One randomized sample was removed each week for a
period of 5 weeks and parched with the same conditions-as-menticned -
above.

¢ ) Treatment 3: The curingbtemperature was 32.2° ¢ with a relative
humidity of 957. One randomized sample was removed every 5 dayS‘for
a period of 15 days for‘lake rice and 10 days for paddy'wild‘rice.
The parching conditions were the same as mentioned above.

The reasons for selecting these treatments were as follows. Firstly,
the.lOo C temperature curing showed godd success according to‘the resﬁlts
from Wisconsin. Secondly, the 21.1° ¢ temperature curing reflected the
approximate ambient curing condition used by wild rice processors in
Manitoba. Thirdly} the 31.1° ¢ temperature curing was selected because
we wished to compare high speed curing wiéh other two curiﬁg treatments
and some Manitoba wild rice processors use this high temperature environ-
ment in their operation. The purpose of using twé different temperatures
for parching was to compare the advantages aﬁd disadvantages of the two
"conditions. The low temperature used-was-just above gelatinization
temperature of wild rice and the high temperature is just below the

maximum recommended parching temperature (23).
3.1.3. Design of hulling study.

This study involved a comparative study and a storage study on
the ease of hulling of wild rice. The former(6ﬁé~was.to compare- the
ease.of hulling of wildirice'curedﬂat‘differént"periodsgoﬁétime~andf

also to compare- the rice cured at different.temperatures.. The latter
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one was to study the affect of storage of parched rice on the ease

of hulling. In these studies the parameter used for measuring (ease of
hulling) was the percentage hulled rice after passing one time through
the huller. For the comparative stﬁdy,_wild rice samples stored at the
lower temperature (lOOC and Zl.lOC);were taken out weekly while those
stored at a higher temperature (3l.loC) were taken out every five days
for evaluation.

For the storage study, a randomized sample of about 5 pounds was
taken out mid-way through each of the different curing treatments. One
hundred grams of rice was hulled immediately after parching and the rest
was stored at room temperature. That same size of sample was hulled

every 5 days for a period of 80 days.
3.1.4. Design for sensory evaluation.

The main objective of this study was to develop profiles for
characterization of the appearance, texture and flavour of wild rice.
Thése profiles were used to evaiuate the product that was obtained from
the processing studies. It was anticipated that these profiles would be
a guide line for wild rice consumers, processors and for later research.

A ballot of 24 7-points scales was designed for these studies. The scales
represented the 24 sensory characteristics of wild riée as selected by the
panel. These scales were classified under 5 categories such as appearance,
aroma, taste, texture and aftertaste. A group of 6 panel members were
asked to evaluate the rice samples sensorially according to the scales.

The results were subsequently used to build up the profiles which
represented the product from each’prdcessing system. In addition, thé'
results were also analysed statistically to obtain more precise informa-

tion concerning the difference among the different processing systems.
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3.2. Experimental procedure.

This section deals with the appropriate experimental procedures
used in each of the studies conducted. Four different lots of wild
rice were utilized for these studies, namely, the 1973's and 1974's
lake and paddy wild rice. All the lots were tested with the same condi-

tions for all studies.
3.2.1. Sample preparation for processing.

The lake rice and paddy wild rice harvested in August,1973, were
received by the Department and thoroughly washed with water. These 2
lots were then packed in cloth bags and stored at a temperature of
-32° F for 6 months before being processed. Those lots harvested in
August, 1974, were treated the same way except that they were processed

without frozen storage.
3.2.2. Processing.

Cylindrical metal containers measured 2 feet high and 1 foot in
diameter were used to hold the rice during curing. Sixteen 1/8" holes
were drilled on the bottom of each container for draining and aeration
purposes. As mentioned on the previous section, three different curing
trials were used for all rice samples. For each trial and for each
lot, four containers (four replicates) holding 18 lbs. of wild rice each
(representing a depth of 12 inches), were used

Before the start of each curing trial, six samples of 250 gms each
representing green wild rice were taken out randomly from the four con-
tainers. The temperature of the rice bed in each of the four containers

was also recorded. After these procedures were finished, the containers
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were blaced into the controlled environment cabinets.b The cébinets
‘had been operating for approximately 1 week prior to use at the desired
temperature and relative humidity.

The temperature and felative humidity of tﬁe cabinets were care-
fully monitored every day. The temperature of the rice bed Was recorded
each Aay by means of a thermometer.. This thermometer. was insertéd into
the centre of the rice pile in each container until-a'cénstant tempera-
ture was observed. The rice was also turned over daily.. About 350 ml
of fresh water was added to each container three times every weék.

Each week, six samples of 250 gm each were taken out randomly from
four containefs. When the 10° ¢ énvironment was used, this practice
continued for 9 weeks and when the 21.1° C environment was used the time
period was 5 weeks. For the 31.1° C temperature curing, samples were
taken out every 5 days in the same manner for a period of 15 days.

- All samples were processed and analysed as follows:
1. Moisture content of the rice was immediately analysed.
2. The 6 samples were separated into 2 groups of 3 replicates. One
of the groups was parched by the high temperature syétem and the-other
by the.low temperature system. These systems were specified in section
3.1.2. The temperature inside each unit of the coffee roaster wés
monitored throughout the entire period of drying. Copper and constaﬁtan
thermocouples were used for temperature measurement. The temperature was
recorded on a multipoint recorder which had been standardized by means
of a minimite with reference to a Thermocouple Temperature Millivote
Table before use. Both the multipoint recorder and the minimite were
manufactured by The Thermo Electric Company. By the end of the drying

time, approximately 10 gm of rice was removed and:placed-in-a:thermo
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cup for instant temperature measurement. This temperature was measured
by inserting a thermometer into the centre of the rice bed.

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

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

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

6. The Hunter Lab D25 Colour Difference Meter was used to measure the

colour of the finished rice.
3.2.3. ‘Hulling analysis:

The purpose of this study was to evaluate the effect of the
different processing system on ease of hulling. All samples were weighed:
and hulled separately after parching. Each sample was allowed to pass
through the huller once. The hulled and unhulled rice were phen
se?arated by hand and weighed. These ﬁeasurements were uéed for stﬁdy
of the effect of the processing systems on the ease of hulling the rice.

The following procedure was used to obtain the percent yield of
finished rice. The samplés used to evaluate the ease of hulling were
continued in this study as follows. The unhulled portion of the rice
sample was put back through the huller until the entire sample was
hulled. The total hulled rice was weighe&. This measurement was used

to represent the yield of the rice from a particular process.

wt. of hulled rice (broken and
whole kernels) x 100
wt. of cured rice (250 gm)

Percent yield of finished rice =

The hulled rice obtained from the above procedure was cleaned and
separated into two portions by passing the rice through the clipper pre-
viously referred to in Section 3.1.1.. The size of the two screens
used was 8/64" x 3/4" and number 8. The portion of rice with

longer kernel ‘length (1 cm or longer) was considered as whole rice and
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the other portion was considered as broken rice (35).

The éffect of storing parched rice for a period of time,?rior to
hulling was evaluated in a second study; A sample of five pounds of
rice was. taken out randomly from the four containers mid-way through
~each of the different curing treatments. . All rice samples were parched
by the high temperature system. One hundred grams of rice were randohly
removed from each sample and hulled immediately after parching. This
was repeated at 5 day intervals for 80 days.

Each sample was allowed to pass through the huller once. Hulled
riceAand unhulled fice was sepérated by hand and each portion was
weighed. The percent hulled rice was éalculated as follows:

percent hulled rice = wt. of h?lled rice (brogen & whole kernels _ 44,
wt. of rice before hulling ,

wt. of unhulled rice

wt. of rice before hulling x 100

percent unhulled rice =

3.2.4. Sample preparation for sensory analysis.

A total of 80 samples were collected from thell('.)o C curing environ-—
,'ﬁént; 48 samples from 21.1° ¢ curing environment and 32 samples from
- thé’31.lo C enviromment. This gave a total ofiﬁOb sampleé for the
sensory evaluation. It was not necessary to évaluate all of these
and therefore specific samples were selected for these studies. The
samples selectedbfor the sensory evaluations are presented in Tablel.
These samples Were*selectea on the.basis of the preiiminary study on
the flavour and acceptability of wild rice. The preliminary study
revealed that wild rice cured at high temperatures such as 21.1°°C and .
31.1° C were highly unacceptable after an .extended curing- time.

All samples were cleaned and stored:at-room:temperature until they-

were ready for ‘the taste panel. ‘There were -three replicates for-each
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Table 1. Methods of sampling for sensory analysis of finished wild
rice. These methods were common for both Lake and Paddy
wild rice and for Low and High Temperature parching.

Length of curing time

Curing
Temperature Weeks of curing

Days of curing

31.1° ¢ ] 15

|| Samples used in the Taste Panel LR
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sample except for paddy rice which had only two replicates because of
the lower yield of the rice. All samples and replicates were taken out
réndomly for the taste panel and were prepared as follows:

MATERIALS: Three gourmet double boilers manufactured by Corning, a
500-ml measuring cylinder, sieves.

METHOD: 1. Three samples of 40 gm each were weighed out for each
taste panel.

2, Each rice sample was washed three times with clean water.

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

4. 'The water in the boiler was heated to boiling before the
rice was added. The cooking time was 45 minutes.

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

6. After 45 minutes cooking time, excessive water was drained
away with a sieve.

7. A spoonfull of rice from each sample was put into a 2 oz.
lily cup and was served immediately. This ensured that the rice was
still warm while being tasted.

Three different rice samples were presented to each judge for
evaluation at each taste panel. They were asked to evaluate the samples
according to the instructions on the ballot (Appendix 1). For each

panel session, the judges were the same for all the trials used.
3.3 Evaluation of the product.
3.3.1. Moisture content measurement.

Standard vacuum oven method as described in AOAC (2,3).
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3.3.2. Colour Measurement.

-In the wild rice industry, suitable colour development has been
established as one of thé primary quality factors involved in market
value of wild rice (13). Unfortunately, no standard method has been
established for colour measurement. The Hunter Model D25 colour
difference meter has been widely usgd for the measurement of the colour
of grains. It has been used to measure the colour éf white rice in the
rice industry (31) and has also been used for the evaluafion of wheat
class and grade (11).

A description of colour measurement has been presented in Chan-
Gerbasi's Theses (10,16).

For measuring the éolour of wild rice, the. three colour values .
were usea to calculate the total colour difference of each rice sample
‘compared to a colour standard. The total colour difference (Z&E)
indicates the difference in colour between the specimen and'the cplour
standard. The larger the ZSE value, the larger is the colour difference
between the specimén and the colour standard. . A good fiﬁiéhed wild rice
should have a colour of dark brown to black. This was why a white
_colour standard'file was selected as the reference having the following
value: L = 93.8, aL = -1.1, bL = 2.3. The difference éf each‘cqlour
component has a value of ZSL,,Z}aL and’l&?L.‘ fhesef&alues are -used to
Caléulate AE where: | '. | |

AE:_/(AL)2 + (AaL)? + (AbL)?
AL .
AalL

AbL. =-bL standard - bL sample

L. standdard - L sample

[}

al. standard - aL“sample - B ;."v” T s
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3.3.3. Sensory analysis.

A group of 10 students and staff from the Depaftment were trained
to identify the flavour of wild rice. They were also asked to describe
its texture and appearance. A series of training sessions and pénel
discussions were held in the summer of 1974. Commercial wild rice
purchased from Lac Du Bois, Northland wild rice company and The Indian
Rice Producer Co-op Ltd. and wild rice processed in'the Department were
used during the training sessions. .The purpose of using wild rice from
differentvprocessing plants was two—fold; first, to acquaint the panel=
ists with wild rice processed under differeht teqhniqdes, and secondly,
to make them aware that the taste, texturé and appearance of wild ricev
were different depending on the source.

Panel training was held twice a week followed by discuésion for
a period of 4 months. After the fraining period, all panelists were
able tofecognize the different types of flavour and distinguished the
wild rice from;different sources. The panelists held a discussion
period after each training session during which the vafious sensory
characteristics were discussed and recognized. Many descriptive words
used to characterize the flavour,.texture and appearance of wild rice
.were created through the taste panels. ‘Amdng*these words, twenty four
were picked out and were classified in;o appearance, aroma, taste, . .
texture and after taste -of wild rice. This classification was.constructed
as the format of the ballot used for sensory analysis of all wild rice
samples. All the results were analysed statistically by. the randomized

blocks design-(i).
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IV RESULTS AND DISCUSSION

The studies on the processing of wild rice were carried out
between October, 1973 and December, 1974. Lake and paddy wild rice
grown in 1973 and 1974 were utilized in this study. The main objectives
of this research were to evaluate the effect of the different processing
systems on the yield, flavour and colour of the final product. A
second objective was to characterize the flavor of finished wild rice.
It was also possible to compare the effect of two growing seasons on

the processing of wild rice and the quality of the final product.
4.1. General observations of the curing of wild rice.

During the curing process, many changes occurred in the wild rice
which we were able to observe visually or by means of measurements.
Many of these changes could be readily observed in wild rice cured at
31.1%. wild fice cured at this temperature showed rapid colour and
odour changes. Physical breakdown apparently was accelerated by the
high temperature. Wild rice cured at 21.1°C showed similar changes
except that the physical breakdown occurred at a relatively slower
rate. Wild rice cured at these two temperatures developed a very un-
acceptable appearance ana odour part way throuéh the curing studies.
Wild rice cured at the cooler temperature (10°C) was a success in terms
of visual observation. The physical appearance, colour and odour were
acceptable throughout the entire curing studies. Sprouting occurred
after six weeks with lake rice but this did not happen with paddy wild
rice. This phenomenon indicated that lake rice was still physiologically

active at the later stages of curing.




4.1.1. Rice bed temperature -

The bed temperature of the rice cured at 10°C showed little fluctua-
tioh from the control temperature throughout the entire curing storage.
This temperature ranged from 10.5°¢c - 13°C for both 1973 and 1974 rice
and it remained almost constant after two-thirds of the curing period
(Figure 7). For the 21.1°C and 31.1% curing temperatures, a higher
bed temperature was recorded for the 1974's lake rice (Figures 9, 11).
The temperature ranged from 18°C to 34°C for the 21.1% curing study
and ranged from 24°C to 44°C for the 31.1°C curing study. In the
later stages of curing, the rice bed temperature tended to rise at
both 21.1°C and 31.1°.

In general, paddy wild riée had a higher rice bed temperature than
lake rice. This might be due to the.fact that paddy wild rice was
smaller in size with less air space between the rice. This resulted in
more heat accumulation in the rice pile. When comparing the two seasons'
paddy wild rice data, the bed temperatures were nearly the same except
that more fluctuation occurred in 1974's (Figures 8, 10, 12). Unlike
lake rice, the bed temperature of paddy wild rice decreased during the
later stages of the curing period. This decrease in temperature might
indicate that paddy wild rice was physiologically less active than lake
wild rice at this period of time.

Wild rice has to be well handled during curing to give high quality
final product. Well cured rice has to have the following attributes:

1. high yield; 2. acceptable colour; 3. acceptable flavour.
These 3 factors will be more fully discussed later.
Bed temperature was an important indicator of good control during

the curing process. Factors that contributed to the bed temperature
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include type of rice, i.e., lake, paddyj specific genotype of rice:
- "maturity of the rice"; rice size; curing environment; method of
handling during curing, i.e. turning and watering.

Many of thosevfactors'were not controlled in our studies, were
not controlled by commercial processors and were 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. The lower the temperature
of the curing environment, the easier it was to control the temperature
of the rice bed .(Figures 7 - 12 inclusive).

Rapid increase in temperature during the final stages of curing
at 21.1°C and 31.1°C indicated physiological deteriorat.tion of the rice.
This did not develop when rice wés cured at lOOC. In summary, rice

was easier to handle when cured at low temperature (IOOC).
4.1.2. Colour, odour and other visual changes

Freshly harvested lake and paddy wild rice usually are green in
colour. After harvesting, the green colour starts to change to a
darker appearance. For the samples used in'these'Studies, the rate
of colour change was more fapid for lake rice than'for-paddy rice.
This colour change was observedxduriné_theAshipment, éto?age and
curing of both types.

The rate of colour change in wild-rice was prdportional to the
curing environments (Figure 13 - 15). This change occurred rather
slowly with low temperature curing (lOOC) and more rapidly at highef
temperature curing. The pattern of colour change for lake rice was

the same for all treatments. Theacolour;change=WaS»asrfollows; green
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Figure 14. The Colgur Change of Lake Wild Rice Cured
at 21.1°¢C
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Figure 15. The Colgur Change of Lake Wild Rice Cured
at 31.1°C ’
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to brownish green, deep brownish green, and then deep brown. The
final colour tended to fade towards the end of each curing treatment
;nd became a brownish yellow.

For paddy wild rice, the pattern of colour development was
different from lake rice. The colour changed from green to yellowish
green, then to brownish yellow. It was very possible that some essential
components for the development of a &arker colour were not present in
paddy wild rice.

The development of odour in curing lake wild rice was similar for
all treatments. The green rice was dominated by a grassy odour. The
texture of the rice was firm and appeared clean. Gradually the odour
changed to a fishy character and the colour began to develop. As the
colour deepened, an earthy odour developed. This earthy odour lasted
for about 1/3 of the curing period. During this stage the rice kernel
had the darkest appearance and firmest texture indicating that this
was the optimum time to carry out parching. By the end of this stage,
a strong earthy odour was dominant and gradually changed to a swampy
odour indicating that the lake rice had started to deteriorate. This
phenomenon occurred about 2/3 of the way through the curing trial.

The deterioration of lake rice was characterized by the following:
1. High bed temperature
2. Strong swampy odour
3. Slimy texture
4., Dirty in appearance
5. Colour fading
6. Soft kernels
7. Reduced volume of rice
8. Higher moisture content

Paddy wild rice had a similar odour development to lake rice.

However, the other changes such as colour and texture were different.

The texture of paddy wild rice was soft and it started to deteriorate
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much more rapidly than lake rice. Slimy texture and strong swampy

odour dominated the later stage of curing paddy wild rice.

4,2, AQuality Evaluation of Wild Rice

4.2.1., Colour

The colour of the finished rice samples were measured by The
Hunterlab Colour Difference Meter Model D25 in terms of L, aL and
bL values. The E values were calculated and are graphically
presented in Figures 13 - 18. The results indicated that the colour
of wild rice kept fluctuating while curing and it also showed that
there were two observations which were common in all studies. The
first was that the rice started to lose its colour towards the end of
each curing period. This change of colour may be partly due to physical
breakdown of the rice and partly due to the lack of energy supply for
the continued development of proper colour pigments. The second
assumption was based on reports from thé University of Wisconsin. They
indicated that the chlorophyll and polyphenolic fractions and the
relative concentrations of each of the derivatives were primarily
responsible for the dgsirable colour changes of wild rice during curing
(13). The second observation was that there was no significant effect
on colour of final product by using the low or high temperature parch-
ing system.

A comparison of data between lake and paddy wild rice demonstrated
that lake rice developed a darker colour in all curing environmenﬁs
(Figures 13 - 18).

The wild rice grown in 1973 (lake and paddy) produced a darker
coloured final product than the 1974 wild rice (Figures 13 - 18).

The following factors could be involved in this phenomenon. The

.,,,__J
it



74

73

72

71

70

69

68

67

66

65

47

Figure 16. The Cglour Change of Paddy Wild Rice Cured
at 10°C
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Figure 17. The Colour Change of Paddy Wild Rice Cured
o
at 21.1°C
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Figure 18. The Colgur Change of Paddy Wild Rice Cured
at 31.1°C
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1973 wild rice was held in frozen storage and the rice from the two
crop years came from different locations, therefore were different
wild rice genotypes. The growing seasons for the two years were

quite different. In addition, physiological activity of rice played

a major role in colour development. Recent research at the Department
of Food Science, University of Manitoba, indicated that freezing may
also play a significant role in colour development.

The rate of colour change at higher curing temperatures (21.1°C
and 31.1°C) appears to correlate with the rate of the temperature
change in the rice bed during curing (Figures 9, 10, 11, 12, 14, 15,
17, 18). The sudden change of colour (from an unacceptable célour to
an acceptable colour) during the early stages of curing was accompanied
by a sudden rise of bed temperature. It may be possible to use this
sudden rise of bed temperature as an indicator for the sudden change
of coiour in curing wild rice when high temperature curing environments
are used.

Highly acceptable colour could be developed under all conditions
of curing provided that the correct type of rice was used; for example,
some of the 1974 rice did not develop good colour. The rate at which
 colour developed was aependent upon the curing environment; for
example, at 31}1°C, less than 5 days were required, at 21.1°C this
required less than 1 week, and at 10°¢C it was approximately 1 week.

The length of time that good colour remained in the wild rice samples
while being cured also depended upon the curing environment. Colour
could be held in rice cured at 10°C for 7 weeks before fading, while
at 21.1°C this was only 3 weeks before fading started and at 31.1%
fading occurred after 5 days (Figures 13 - 18). It appeared that

low temperature curing gave the processors better control in the
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curing process (Figures 7 - 12) and this resulted in better control of
colour retentilon,

In the Figures 13 -~ 18 an arbitrary line at AE = 72 has been
drawn to indicate acceptable and inacceptable rice colour. Wild rice
that had a AE value of 72 or above was considered to have an
acceptable colour while values below 72 indicated an unacceptable
colour. This determination was based on visual judgement according to
discussion within the sensory panel.

The degree of darkness of wild rice depends upon several factors:
the curing time, "rice maturity" - paddy versus lake, rice genotype,
freezing of rice before curing. Not all factors can be controlled
i.e. rice genotype, 'rice maturity'. Howevef, the processors can
through careful control of curing and parching produce a final product

with highly acceptable colour.
4,2,2, Moisture Content

The moisture content of all wild rice samples were determined
by the vaccuum oven method. Data showed that the moisture content of
wild rice before parching was 40% - 457 for lake rice and 55% - 60%
for paddy wild rice. At the latter stage of curing, the moisture con-
tent of lake rice rose by 5%, slime formed and the texture softened.
Paddy wild rice did not have a significant cﬁange in moisture content
during curing.

The moisture content of the finished lake and paddy wild rice
parched at high and low temperature, was between 7% - 10%. The purpose
for drying the rice down to this moisture level was three fold. The
first reason was to increase the yield of the rice. This was because

rice with a moisture content above 10% was difficult to hull and rice

v

g
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with a moisture content below 77 was fragile and easily broken when
hulled. The second reason was to minimize the microbial degradation
of the finished rice by reducing the water activity that was suitable
for growing microorganisms. The third reason was that parched wild
rice with moisture content below 5% might have hollow centres.

A study on the rate of moisture removal indicated that paddy wild
rice took a little longer time to dry to the required moisture level
than lake rice. This was due to the higher initial moisture content
of paddy rice. Data presented in Figures 19 - 22 showed that the
rate of moisture removed related to the drying time. Tables 2 - 5
showed the air temperature of the roaster and the corresponding bed
temperature of the rice at each time interval. The final rice bed
temperature recérded for each parching trial was capable of use to
indicate the final moisture content of the rice. At a particular
temperature range, the moisture content of the rice was between 7% -
10% (Table 6). The lower the temperature within the témperature range,
the higher was the moisture content of the product. However, the
moisture content of the product would not be above or bhelow the
acceptable moisture level, as long as the final bed temperature fell
into the temperature range. 

For example, when 250 gm of lake wild rice was parched at 135°¢
for 25 minutes, and the final bed temperature of the rice was 87.7°C,
then the moisture content would be 7.7 * 0.5%. The higher the bed
temperature, the lower would be the final moisture content of the

product (Table 6).
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Figure 19. Rice Bed Temperature of Lake Wild Rice Parched

at High Temperatﬁre 60

L

55 .

100v 3 _ 50
45
140

435
- 430

425
120

15

Rice Bed Temperature °c
%4 Moisture Content (w.b.)

l10

i X 'Y 2

0 5 10 15 20 25

Time 4n.Minutes

- @———@Rice Bed Temperature .
A—r-——--A_ -Moisture. Content



Wild Rice Bed Temperature °c

54

Rice Bed Temperature of Lake Wild Rice Parched
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Figure 21. Rice Bed Temperature of Paddy Wild Rice
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Table 2.. Drying Rate of Lake Wild Rice

High Temperature Parching

Time Air Tegperature Rice Bgd Temp. ~ Moisture
in C in C . Content (%)

0 : 21.0 18.0 42.75

5 70.5 65.0 37.1

10 81.0 71.1 32.8

15 93.3 80.0 25.75

20 121.0 83.3 13.05

25 135.0 87.7 7.70

Table 3. Drying Rate of Lake Wild Rice

Low Temperature Parching

Time Air Tempgrature Rice Beg Temp. Moisture
in ~ C in ~ C Content (%)
0 20.5 19.0. 41.80
5 65.5 62.2 35.45
15 67.5 61.1 33.75
25 69.0 58.8 26.10 .
35 76.0 65-0 17.20

45 80.0 ' 66.6 9.6
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Table 4. Drying Rate of Paddy Wild Rice

High Temperature Parching

Time Air Temgerature Rice Beg Temp. Moisture

' in " C in ~C Content (%)
0 - - 55.65
5 77.7 : 63.9 50.10

10 82.2 66.6 45.72

15 103.3 68.8 ' 39.45

20 113.3 77.7 22,10

25 135.0 83.3 8.5

Table 5. Drying Rate of Paddy Wild Rice

Low Temperature Parching

Time . Air Temgerature Rice BgdvTemp.. Moisture
in ~ C in ~ C . Content (%)
0 - 19.0 60.4
5 80.5 60.0 49.2
15 87.2 ‘ - 58.8 38.55 -
25 62.0 61.1 24.30
35 82.2 63.9 19.25

45 82.2 - 65.5 - 8.45
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Table 6. Final Rice Bed Temperatures and the Corresponding Final
Moisture Content of the Rice

Lake Wild Rice Paddy Wild Rice
Final Final Final Final
Parching Moisture Bed Moisture Bed
Conditions Content (%) Tegperature Content (%) Temgerature
C c
High Temp. :
135°C for 25 7.7%0,5-9.5+0.5 82.2-87.7 7.5%0.5-9.5+0,5 82.2-87.0
minutes
Low Temp.

78.3°C for 7.5%0.5-9.6+0.5 62,7-66.6 7.5%0.5-9.5x0.5 63.2-67.3
50 minutes '
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4.2.3. Finished Rice Yield

The percentage yield of wild rice (whole and broken kernels)
varied with the different proceséing techniques. It was mainly
affected by curing times and temperatures and parching temperatures.
The percentage whole lake rice are rice kernels larger than-1l cm, which
was the weight of whole kernels after hulling and cleaning, was also
affected by these same factors. Yield data are presented in Figures 23
to 34.

The yield of finished wild rice was 40 - 547 for 1973 lake rice
and 47 - 57% for 1974 lake rice cured at 10°C (Figures 23, 24). This
range was 44 - 607 for 1973 and 1974 lake rice cured at 21.1%

(Figures 25, 26). The range at 31.1°C was 55 - 60% in 1973, while in
1974 it was 35 - 62% (Figures 27, 28). The higher yield was obtained
in the early stages of curing for all the environments. The 1973
lake rice yield dropped approximately 7 - 87 after the 4th week in
the 10°C environment (Figure 23). There was no noticeable yield drop
in the 1974 crop‘at this temperature (Figure 24).

For lake rice cured at 21.1°C the yield dropped approximately
10% after 5 days (Figures 25, 27, 26, 28).

Data for the yield of finished paddy rice cured at 10, 21.1 and
31.1°C are presented in Figures 29 to 34. The yield did not fluctuate
very much at 10°% ranging from 28 - 34% in 1973 and from 16 - 22% in
1974 (Figures 29, 32). When cured at 21.1°C the yleld of finished rice
ranged from 28 - 407 in 1973 and from 17 - 23% in 1974 and for rice
cured at 31.1°C these figures were 30 - 407 for 1973 and 23 - 307

for 1974 (Figures 31, 32, 33, 34).
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Figure 25. The Percent Yield of 1973 Lake Wild Rice
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Figure 27. The Percent Yield of 1973 Lake Wild Rice
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Figures 29, percent Yield of 1973 Paddy Wild Rice Cured at 10%
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Figure 30. Percent Yield of 1974 Paddy Wild Rice Cured at 10%¢
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Figure 31. Percent yield of 1973 Paddy Wild Rice Cured at 21.1%
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Figure 32. Percent Yield of 1974 Paddy Wild Rice Cured at 21.1%
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Figure 33. Percent Yield of 1973 Paddy Wild Rice Cured at 31.1.°C
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Figure 34. Percent Yield of 1974 Paddy Wild Rice Cured at 31.1%
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There was a significant difference in yield between lake and
ﬁaddy wild rice. This was due to the inability of the variety Algot.
Johnson Wild rice (which was used in paddy production in Manitoba5 to
develop to proper maturity under the gro&ing conditions experienced in
Manitoba. Because of this, many of the kernels in the curing waste
away or did not develdp properly into well cured finished kernels. -

This can only be improved when proper varieties are developed for
paddy production.

The use of low temperature i.e. 10°c for curing was the more
desiréble system for paddy and iake wild rice. This system gives the
processor a more consistent high yield of finished rice. When higher
temperatures i.e. 21.loC'and 31.ldb were used high yields are initially
produced but if it was necessary to hold the rice for an extended period
of time before further processing could be carried out, then the yield
of finished rice will drop.

The parching temperature appeared to have an effect on the percent-
age yield of wild rice. The data indicated that low teﬁperature parching
had a higher yield than high-temperature parching (Figures 23 - 34).
This'imﬁlied that the fice produced by low temperature parching
weighed more than rice from high temperature parching. nfﬁere might be
two reasons to this. Firstly, in most casés-in the parching trials,

. a high parching temperature resulted in-a;relat§vely~1OWEr

.final moisture content and this resulted in less weight in the final
product. Secondly,.high temperature,meant faster rate of drying. . The
sudden induction of ‘high temperature to the rice kernels caused-‘

centre part of the kernels (mainly carbohydrate)-tolshrinkirapidly énd
become more fragile. Finally, the centre-part Wouldfsfart-to-split from

heat energy. Once the material ‘at:the rice centre had separated, the




heat energy started to build up(and forced the rice to expand ‘in size.
After parching, the rice kernels looked larger, but the centre part
was hollow. Some rice even cracked on the outside. However, this
phenomenon qccurred only when the parching temperature was higher than
the desirable temperature (135°C) or the parching process was not
properly controlled. The kernels with hollow centres would certainly
weigh less. High temperature parching not only brought about a lower
yield of ﬁhe rice but also brought about poor quality rice. This
rice had a burnt flavour, absorbed more water during cooking and

had a mushy texture and appearance after cooking. Low temperature
parching was able to over come these problems. Rice parched at low
temperatures dried slowly, gradually gelatinized and cooked to a
desirable appearance and texture.

The yield of whole wild rice was also investigated in these
studies. Any wild rice with a kernel length of 10 m.m. or longer was
considered as whole rice regardless of whether it was broken or not.
Any kernelvless than 10 m.m. was considered broken. Figures 35 - 40
give the percentage yield of whole rice by weight. The data indicate

that the crop year and the freezing treatment before processing had

- little effect on the yield of whole rice, but that, the curing time
and temperature had a significant effect. The percent yield of whole
rice started to decrease after 2/3 of the curing time for all the curing

environments. These environments apparently produce more fragile

kernels.
We were unable to obtain positive results for the percent yield
of whole paddy wild rice. This was because all the paddy wild rice

obtained from the past two seasons seemed to be quite "immature'.
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Figure 39. The Percent of 1973 Wgole Lake Wild Rice
Kernels Cured at 31.1°C
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The kernels were thin and small. However, when comparing the two
years' paddy wild rice visually, the 1973's finished rice had a longer

kernel length.
4.2.4. Flavour, Appearance and Texture of Finished Wild Rice

The main objective of this study was to evaluate the effect of
curing and parching on the appearance, flavour and texture ;f finished
wild rice.

The experimental design of the sensory study was that of a
randomized block. The data analyses were carried out on the University
of Manitoba's IBM 360 system using the Stat 13 program (47). In addition
to the analysis of variance on the data; Duncan's Multiple Range Test
(1,21), was used to compare the means obtaiﬁed for each test cured for
different time periods. The results of the analysis and the flavour
profile of wild rice are present in Appendices 3 - 37.

The sénsory paﬁel data showed a common pattern of flavour
developmént by wild rice regardless of the curing environments used

(Appendices 2 - 25). For example, in Appendices 2 to 7, the swampy odour

- was getting stronger as curing time progressed and the mouldy-like

flavour was also intensified. The patterﬂ of flgvour development
established by the panelists was given in Appendices 2 - 25, and the
following pattern was used for jﬁdgingfthETacceptability»df wild ricé;
1. The swampy odourrand.moﬁldyalike#flavour were intensified-as-
curing time lengthened. The panelﬂconsidered this to be unacceptable.
2. The grainy odour and taste decreased as the rice became more
"mature" and the colour darkened.. A strong grainy flavour was not

desirable.
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3. The tea-like flavour became less intense towards the end of
curing. A strong tea-like flavour was not desirable.
4. For high temperature parching, the burnt flavour was more
easily detected during the later stages of curing. This might be due
to the slimy texture of the wild rice which caused the rice to stick
together and adhere to the inside walls of the roaster, thereby pro-
ducing the toasted or burnt flavour. However, a little burnf flavour
was considered to be necessary by the panelists (Figures 41 - 52).
According to the consensus of the sensory panel, the flavour of
an acceptable wild rice should have a mild grainyiand tea-like flavour.
The rice should be free of any swampy'ana putrid odour and taste. A
faint mouldy-like, earthy and burnt flavour were also considered to
be acceptable. For example, the rice cured at 10°C produced a more
acceptable rice than rice cured at higher temperatures (21.1°C and
31.l°C). The main reason was that rice cured at the highef'temperatures
had a fairly strong swamp odour and mouldy taste (Figures 41, 43,'45
and Appendices 2;-4, 6).
The development of the unacceptable swampy odour, and the mouldy
«and earthy flavour was more pronounced during high temperature curing
(21.1% and 31.1°C) than with low temperature curing (lOOC), tAppendices
2 - 25). Apparently wild rice respires more rapidly and produced more
-heat during high temperature curing (21.1°C and 31.19C), (Figures 9 -
12), thereby causing more flavour deterioration in the finished product
(Appendices 2 - 25) than did low temperature curing (Figﬁresnjs-:S);
Colouf‘and kernel breakage were the main factors used tovjﬁdge~the
acceptability of the appearance of wild'ridew However, the results of the

acceptability scales (Figures 41 - 52), and- ZSE‘Valﬁes-(Figures 13-18),
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Figure 41. Acceptability scale for 1973 lake wild rice
~cured at 10 C

00— Low Temperature Parching
A——A High Temperature Parching

7t * ‘

6 |

5 ¢

4 b

3t 4

2 L

' - t L . . A 1 s . i

0 1 2 3 4 5 6 7 8 9

Weeks of Curing

Figure 42. Acﬁeptability Scales for 1974 lake wild rice
cured at 10°C
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Figure 43. Acceptablllty Scale for 1973 Lake Wild Rice
Cured at 21.1°%
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Figure 44. Acceptablllty Scale for 1974 Lake Wild R1ce
Cured at 21.1%
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Figure 45. AcceptabilityoScales for 1973 Lake Wild Rice
Cured at 31.1°C
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Figure 46. AcceptabilityoScale for 1974 Lake Wild Rice
Cured at 31.1°C
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Figure 47. Acceptabiligy Scale for 1973 Paddy Wild Rice
Cured at 10 C
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Figure 48, Acceptability Scale for 1974 Paddy Wild Rice
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Figure 49. AcceptabilityOScales for 1973 ?addy Wild Rice
Cured at 21.17°C
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Figure 50. AcceptabilityOScale for 1974 Paddy Wild Rice
Cured at 21.1°C
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Figure 51. Acceptability Scale for 1973 Paddy Wild Rice
Cured at 31.1°C ) . A ,
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Figure 52. AcceptabilityOScale for 1974 Paddy Wild Rice
Cured at 21.1°¢C

O—a.  row Temperature Parching -
X &——A qigh Temperature Parching

0 ‘ 3 10 15
Days of Curing

1 indicates extremely acceptable
7 indicates extremely unacceptable




80

colour was not considered to be the main criterion for judging the
acceptabiiity of wild rice. The 1974 lake wild rice had a iighter
colour than.the 1973 lake wild rice (Figures 13 - 15), but the 1974
rice was more acceptable (Figures 41 - 46);- This indicated that the
deveiopmeﬁt of a darker colour in the rice did not coincide with the
development of well accepted flavour.

Sensory panel data indicated that green paddy wild rice and
Peddy‘and_lake wild rice from the later stages of curing had a higher
percentage of broken kernels after cooking (Appendices 3 - 26). The
reason was due to the "immaturity" of the green ﬁaddy wild rice and
the physical breakdown of rice'efter prolonged curing.

According to the sensory panel results, a sample of cooked wild
rice that was not mushy, neither too hard nor too soft, with some
cohesiveness and chewiness was considered to have an acceptabie texture
(Figures 41 -~ 52), Appendices 2 - 25): The results-also-indicated that
paddy wild rice was less acceptaele than lake rice and this ﬁas partly
due to its poor texture. Paddy wild rice was softer and more cohesive
than lake rice (Figures 41 - 52; Appendices 2 - 25).

Curing had an effee; on the te#ture of wild rice,' As the curing
time progressed the texture changed from soft to firm, thed to soft.
Parching also had an effect on the texture of wild rice. High
temperature parching.seemed‘to produce wild rice with a mushier
texture eﬁter cooking (Appendices 2 - 25).

Statistical analysis ef variance and Duncan's Multiple.Range Test
showed that lake and paddy-wild rice cured at different periode\of
time produced'rice which were significantly~different>in:flavour,

appearance and texture (Appendices 26 - 37). "A’comparison-of ~
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results obtained from the Duncan's Multiple Range Test is presented
‘in Table 7. |

For each scale in Table 7, the number of comparisons are the
total numbers of sample comparisons (which are AB, AC, BC and so on as
used in Appendices 26 - 37) tested in the sensory panél aﬁd the number
of differences are the number of significant differences between samples
at the 57 level. Comparisons within this table suggest that swampiness
(significant differences number 69) is a m§re sensitive characteristic -
for rating flavour change in wild rice than is the burnt characteristic
(significant differences number 36) or sweefness (significant differences
number 32).

Results from the analysis of the Duncan's Multiple Range Test
of the sensory panel data (Table 7), indicated that swampy odour,
mouldy taste and colour of the rice have the largest number of differences
between the samples. In another word, these were the main sensory
characteristics affected by the different processing systeﬁs. Besides

these characteristics, rice kernel, straighiness and breakage, grainy

odour and taste, earthy bitter and tea-like taste, mushiness and hardness

texture of the rice are also greatly affected by the different processing
systems (Table 7). The differences in intensity of each of these sensory
characteristics were easily detected by the panelists and théy were the
main factors used. by the panelists. for judging the acceptability of the
finished wild rice.

4:3., Hulling Studies on Lake Wild Rice

4.3.1. Effect of Curing
The data presented in Figures 53 - 58 represented .the case of .

hulling of lake wild rice. The length of time -wild rice was held din
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Table 7. Evaluation of the Duncan Multiple Range Test comparing
the mean scores obtained by the sensory tests.
Scales No. of Comparisons No. of Differences
Straightness 78 51
Colour 78 58
Dryness 78 45
Splitness 78 47
Breakage " 78 52
Graininess 78 50
Swampiness 78 69
Toast 78 37
Starchy 78 44
Burnt 78 36
Moldiness 78 58 .
Graininess 78 54
Tea-Like 78 52
Watery 78 44
Earthiness 78 55
Bitter 78 50
Sweet 78 42
Mushiness 78 52
Hardness 78 55
Cohesiveness 78 48
Chewiness 78" 46
Sweet 78 32
Bitter 78 43
Aftertaste 78 40
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Figures 53, 54 . Effect of lOOC Temperature Curing on the
Ease of Hulling of 1974 Lake Wild Rice
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Figures 55, 5% . Effect of 21.1% Temperature Curing on the
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Figures 57, 58. Effect of 31.1% Temperature Curing on
the Ease of Hulling of 1974 Lake Wild Rice
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tﬁe curing pile had no effect in this factor since 74% was hulled

after zero week and after 9 weeks of cﬁring at 10°C. The curing

temperature also had no effect on ease of hulling with the amount

hulled ranging from 66% to 78% for all temperatures. The;e also was

very little difference on the ease of hulling as effécted by high and

low parching. However, this study indicated that curing might have an S
effect on the weight of wild rice. The weigﬁt of wild rice appeared

to decrease as curing time was prolonged. This was estimated by

measuring the percentage of unhulled rice (Figures 53 - 58). The

percentage of unhulled rice decreased while the percentage hulled

rice remained almost constant throughout the entire curing. This
indicated that there was a loss in weight by the rice kernels during

curing and required further study.
4.3.2. Effect of Storage of Parched Rice

The purpose of this study was to determine if storage of parched
wild rice caused any problem in hulling. fhe results showed'that
storage had an effect on the hulling of wild rice (Figures 59 - 61).

The percentage of hulled rice decreased as stofage time was prolonged.

The possible reason was that during storage, the husk absorbed watér

vapour from the surrounding atmosphere and therefore made hulling more
difficult. Rice cured at 10, 21.1.and 31.1% maintained hulling per-

centages above 70% when stored.for 25 - 30 ‘days after- being parched~

After this period of time rice cured at 10°C and-21.1° c ‘became: 1ncrea51ngly
harder to hull and percentage dropped to a low of 20 - 30% after 80
days of storage. On the other hand, rice. cured at 31, 1 C was.easy to - o -

hull until.50 - 55 days of . storage.- (around 70% hulled Flgure :61) ‘and
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then hulling percentage dropped to a low of about.SOZ after 75 to
80 days. This study appeared to indicate that moisture content played
a role in the ease of hulling.

Post-parching storage of rice before hulling would lower the
yleld of the finished product because it became more difficult to
hull and would increase the danger of breaking the kernels in the

hulling process.
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v. éUMMARY, CONCLUSION AND RECOMMENDATION

'5.1. Summary & Conclusion

The Food Science Department purchased 1973 and 1974 lake and
paddy wild rice for these studies. This rice was ﬁhoroughly washed
when it arrived at the Department, then the 1973 rice was placed in
frozen storage. The 1974 rice was not frozen. All the rice was then
cured, parched, hulled, cleaned and quality-evaluated. The quality
tests used were percent broken kernels, colour, ana sensory analyses.

All curing environments produced finished wild rice with highly
acceptable colour and:flavour; but the low temperature (lOOC)
environment was judged to be the superior system. It produced con-
sistently higher yields, more acceptable flavour, and the curing '
storage could be extended to 7 or 8 weeks. Rice curing at temperatures
of 21.1°C had to be parched within 2 - 3 weeks and that cured atb32.2°C
had to be parched within 5 - 10 days.

The yield for wild rice cured at low temperaﬁures was 50% - 58%
while the yield for rice cured at higher-temperatures ranged from
40% to 50%. Besides‘the difference in yield and flavour of the'rice,
the rate of colour development was also different between the tﬂree
curing environments. Wild rice cured at a higher temperature develbped
colour more quickly than rice cured in a cooler environment (5 days
at 32.2°C versus 4 weeks at lOoC).

On comparison of the two different parching systems advantages
and disadvantages showed in each. Low temperature parching produced
rice with more fragile kernels, but it had a higher yield than high
temperature parching. However, high temperature parching produced

relatively more acceptable rice provided that the process was properly

operated.
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Hollow centres develop whén wild rice is parched at too high
temperatures, 1.e. ébove 135°C. This rice absorbs water very rapidly
and produces a mushy texture.

Taste panel results showed that wild rice with a darker colour
did not indicate well-developed flavour. Colour and flavour of wild
rice did not develop at the same rate. Freezing before processing,
and genotype of the rice are two factors which apparently govern the
development of colour. Aeration during curing and curing temperature
appear to be major factors governing the flavour development of rice.
A good quality wild rice, according to the taste panel, was rice that
had an acceptable colour ;nd no broken kernels. The twenty-four
sensory characteristics identified in this study were also used by
the panelists for judging acceptability of wild rice. Specific
sensory characteristics, such as swampy odour, mouldy and earthy
taste, and mushyate#ture were those indicating unacceptable finished
wild rice.

Most problems associated with the quality of finished wild rice
were reviewed in this study. Problems of swampy odour, broken kernels,
and mushy textufe appear to be controllable.

The problem of colour development is still the major probiem in
the processing of wild rice. No correlation seems apparent between
colour deQelopment of wild rice during curing and the flavour
development of the finished wild rice. More research and work is
required in this area. For paddy wild rice production in Manitoba the
main problem seems to be ''rice &aturity".

Due to limited time and the‘variety of aspects of research

involved in this project, some of the results are not positively
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confirmed. However, some reliable information cdncerning the process-
ing of wild rice has become available for commercial use or as a

guideline for future research.
5.2, Recommendations

The commercial processor handles lots of wild rice with mixed
maturity. Immature rice is believed to produce finished rice which
gives a lower yield and is of poor quality. Maturity must be more
specifically defined for this crop, thus enabling one to select the
proper time to harvest the crop. At the same time new rice varieties
should be developed by the plant breeders, which would‘have the
potential of giving uniform maturation thus overcoming the problem of
mixed maturity lots.

The transporting of wild rice from the harvest location to the
processing plant is not well controlled at this time. Large lots
of rice apparently are moved fairly efficiently to the plant while
small lots may be held under various conditions .until a sufficient
quantity has been collected for shipment to the processor. 1In order
for the processor to guarantee quality in the finished product the
transportation system must bg improved, and holding stations fequire
improved management i.e. ensuring that wild rice lots are adequately
moistened and not allowed to overheat.

This processing research suggests that the harvested wild rice
should be washed in cold water prior to curing in order. to decrease
spoilage problems during curing, remove sand and plant debris and
eliminate the rice worm from the curing pile. This operation has not

as yet been adapted to the industry. Technological research is




92

required to develop a washing procedure which is eéonomical and
adaptable to the industry.

| The height of the curing pile, watering the pile and turning of
the pile are all used by the industry to maintain some temperature
control during the curing process. No recommendations can be made
from this research re these control measures other than they are all
effective if used properly. The most important factor to monitor is
the temperature of the pile. When this rises 10°¢C to 15°C above
ambient conditions then one of the above control measures must be
applied to'keep this in check. The moisture content of the pile is
extremely important and must never be allowed to go beiow forty per-
cent in order to prevent aflotoxin development and white centers in
the finished wild rice. A controlled atmosphere curing environment
is the best system to use for this phase of Wild rice processing,
but unfortunately wild rice processors may not feel this to be an
economical system at this time.

Parching can be carried out in any type of'hot.air dryer system.
Wild rice processors wish to maintain the batch, gas fired, closed
parcher which keeps some steam inside the chamber with the rice.

This study has demonstrated that different parching systems will
produce different flavoured final products. Further research is
required to determine what the consuming public wants.

The parching system is used to dry the wild rice down to a final
moisture content of 7 to 11 percent. The moisture content of the
rice going into the parcher is extremely variable thereby causing the
drying timé required to produce a desirable final product extrémely

difficult to predict. This phase of the operation has been an art.
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Further research is required to produce parching times and temperatures
that are applicable to industry as this research program has pointed
out.

The hulling operation is very critical as it removes the hull
and polishes the final product. Great care must be taken to prevent
breakage of the rice kernel. Further research is required to devise
more efficient hullers for this purpose. 'Also further research
is required to study the heat effect on kernel fragility in the
parching process. The the present time it is recommended that a series
of Japanese Kyowa hullers be used for this process and that the rice
be size graded prior to hulling. The huller could be adjusted for
specific kernel sizes. This system would ensure that oversize
kernels would not pass through én inadequately set huller thereby
reducing:kernel breakage. It would also eliminate under size kernels
from passing through this same huller, thereby increasing its
efficiency.

The flavour of wild rice was described under 24 different
characteristics. Several specific éharacteristics and processing
systems were identified as contributing to poor flavoured wild rice,
such as mouldiness, swampiness, high temperature curing and prolonged
storage in curing. These systems must be avoided by the commercial
processor. Further flavour research must be conducted to a) more
extensively evaluate the affects of flavour, and b) to obtain know-
ledge as to what the consuming public consider to be excellent

flavoured wild rice.
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Please evaluate the rice sample by circlihg a point on each of the scales.

NAME ¢
SAMPLE:
APPEARANCE : DATE:
Scale I Scale II
A1l ¢ | 4 1 All Green | ( 1t 1 b i Dark
Straight' ' 7 7 T " curled FET T T Brown
Scale III . Scale 1V
Dry 4 4 v g 4 4t  Moist All b4 b1 All
UL splic 7 T T 1heact
Scale V
ALl _ 4 4 p 3y ALl
Whole ' ' ' T "7 1T Broken
AROMA:
Scale I ' ~ Scale II
Bland ; , , ; ; ;  Grainy Bland Swampy
S D IS B R e “1‘—f“+—4*4—-P‘+—'
Scale III
Bland ; i { i 1 § | Toast
LA L B L
TASTE:
Scale I Scale II
, Ext. Ext.
Bland ;| , , | | { Starchy Bland N | Burnt
L LA I R I AR Rt M
Scale III )
Ext. Ext.
Bland _§ , , | 4 1 | Moldy Bland | & 1 1t 1| Grainy
UL L L L Like
Scale V Scale VI
‘ Ext.
Bland - ' ' i l ' Tea Bland ¢y 4 1 4 4 1 | Watery
Like UL L B
‘Scale VII ' Scale VIII
Bland Earthness Bland _y} § i 1 i | | Bitter
' | | I ' I | 1T T T
Scale IX

Bland | ¢ ¢ 1 1 | | Sweet
P [



TEXTURE :

Scale I

Not = | ‘ ‘ ' l ' | Ext.
l‘msh;;.‘t Mushy
Scale III

No } ' Ext.
Cohesiveness ' I — éohesive

AFTER TASTE:

Scale 1

Not s Lt ! %7 Ext.

Sweet ! 1 P T 7 Sweet
Scale II1
P U strong

This rice sample is:
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Scale II

Very ' ' ' | ' | | Very
Soft Hard
Scale 1V

No " ’ } ! - | Ext.
Chewiness Chewy
Scale II

Not LE bt b Ext.
Bitter ' ' ! Bitter

(a) Extremely ' f ' ' ’ I l (b) Extremely
Acceptable Unacceptable

COMMENT :

APPENDIX 1
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Appendices 2 - 25

Flavour Profiles of Finished Lake and Paddy Wild Rice
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FLAVOUR PROFILE OF WILD RICE

1933 Lake Wild:-Rice
10°C Temperature Curing
Low Temperature Parching

EXTRENMILY (4

«+.. No curing

0000 3 weeks curing
-——— 6 weeks curing
xxxx 9 weeks curing
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FLAVOUR PROFILE OF WILD RICE

oy B
_ EXTREMELY

1 PLd
TEA LIKE
‘,—

1973 Lake Wild Rice ‘wsses no curing .
10°¢ Temperature Curing oooo 3 weeks curing

High Temperature Parching 6 weeks curing
xxxx 9 weeks curing

APPENDIX 3
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19730Lake Wild Rice ««e. no curing .
21.1°C Temperature Curing - oooo 2 weeks curing
Low Temperature Parching 4 weeks curing
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APPENDIX 4
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FLAVOUR PROFILE OF WILD RICE

AROMA

«e«s NO curing
0000 2 weeks curing

21.1% Temperature Curing

High Temperature Parching

© 1973 Lake Wild Rice

——— 4 weeks curing

APPENDIX 5



.

104 /

FLLAVOUR PROFILE OF WILD RICE

1973 Lake Wild Rice ++.. NO curing
~31.1°C Temperature Curing oooo 5 days curing
Low Temperature Parching 10 days curing

APPENDIX 6



L EXTREMELY b

i B P<4
TEA LIKE
.

'19730Lake Wild Rice .eees NO Curing
31.1°C Temperature Curing oooo 5 days curing
High Temperature Parching 10 days curing
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FLAVOUR PROFILE OF WILD RICE
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1974 Lake Rice seee MO curing
- 10% Curing Temperature 0000 3 weeks curing
Low Parching Temperature 6 weeks curing
xxxX 9 weeks curing
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FLAVOUR PROFILE OF WILD RICE
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1974 Lake Wild Rice es.s no curing

- 10% Temperature Curing oooo 3 weeks curing
High Temperature Parching 6 weeks curing
) xxxx 9 weeks curing
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1974 Lake Wild Rice
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1974 Lake Wild Rice : ... no curing
21.1°C Temperature Curing oooo 2 weeks curing
High Temperature Parching 4 weeks curiﬁg
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19740Lake Wild Rice
31.1°C Temperature Curing
Low Temperature Curing
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1973 Paddy Wild -Rice ‘es. NO curing
10°.C Temperature Curing

0000 '3 weeks curing
Low Temperature Curing 6 weeks curing

xxxx 9 weeks curing
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FLAVOUR PROFILE OF WILD RICE
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1973 Paddy Wild Rice
21.1°C Temperature Curing
. Low Temperature Parching
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FLAVOUR PROFILE OF WILD RICE
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19730Paddy Wild Rice = ' . ... No cutring
 31.1°C Temperature Curing 0000 5 days curing
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. EXTREMELY
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1973 Pdddy Wild Rice : e MO curing
31.1°C Temperature Curing oooo 5 days curing
High Temperature Parching

APPENDIX 19 .
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FLAVOUR PROFILE OF WILD RICE
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1974 Paddy Wild Rice “+.v. N0 curing
- .107C Temperature Curing ‘ 0000 3 weeks curing.
" High Temperature Parching — 6 weeks curing
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FLAVOUR PROFILE OF WILD RICE
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1974°Paddy Wil_d Rice. . . .o . no.caring
"21.1°C Temperature Curing 0000 2 weeks curing
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1974 Paddy Wild Rice " ... no curing
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Appendices 26 - 37. Analysis of Variance and Duncan's Multiple Range
Test Summaries for the Rice Samples Tested by the
Sensory Panel. The Following Indications are
Used in These Appendices.

10% Temperature Curing

A: no curing

B: 3 weeks curing
C: 6 weeks curing
D: 9 weeks curing

21.1% Temperature Curing
A: no curing

B: 2 weeks curing
C: 4 weeks curing

31.1°% Temperature Curing

A: no curing
B: 5 days curing
C: 10 days curing
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Appendix 26: 1973 Lake Wild Rice 10°%¢ Temperature Curing

Duncan's Multiple Ran‘ge Test

Scales Factors F Value High Temp. Parching Low Temp. Parching
Straightness ;f;‘:; 10. 78 ABCD ABCD
Colowr gl g5 ABED ABOD
Dryness 2,'33 18,675 ARCD ABCD
etemess [ 9 5400 asnc
Breskage  po0 1nls ARG ARcD
Graininess gi:ﬁ igg* BACD BACD

(Odour) :
Svampiness  gime 1037 ABCD ABCD
Toast Tems. 2251 %  ABCD ABpcD
Starchy E:; ;:gg* ABCD ABCD
Burat Tenp. 1670+ ARCD ABCD
Moldiness gi‘zg 68:32* ABCD "ABCD
Graininess z;:g . 13(9&* m ABCD
(Taste)
tatie ot RPN amce ABCD
Vatery gt jalys  BRGA ABgD
Earthiness giﬂ“‘lg 142:31’; ABCD ABCD
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\ “)

: ' Duncan's Multiple Range Test
Scales Factors F Value Hipgh Temp. Parching Low Temp. Parching

Bitter E‘n‘:; e ABCD DACB
sweet Tems. o376 ADDC BACD
Mushiness giﬁ; | l.sgé?gz* ABCD . ABgD
Hardness gl gl ARRG BATD
Cohesiveness g:z: ggg;: A _B_l_)__gl_ ABCD
Chewiness $i$: llg:isz A _B;D'—_C-: ABCD
?X;:;rtaste) g:ﬁ; ;32 A2 .
M ey T 023 4222 paco
"Strongliness $:2§ gég; CABD ABCD
(Aftertaste)
’
/

* Significant at both 1% and 5% level. i-‘:} E




Appendix 27. 1973 Lake Wild Rice 21.1% Temperature Curing

Duncun'a Multiple Range Test

Scales Factors F Value High Temp. Parching Low Temp. Parching
Time 110.1 *
Straightness Temp. 29.43% ABC ABC
Time 9.93% e i
Colour Temp. 0.05 ABC ABC
Time 27.28%
Dryness Temp. 0.281 ABC ABC
Time 11.82%
Splitness Temp. 5.414 ABC ABD
Time 28.37%
Breakage Temp.  29.04% ABC ABC
*
Graininess ?Z::e lggi ABC BAC
(Odour) P '
Time 561.61%
Swampiness  romp. 9.103% ABC ABC
Time 3.79
Toast Temp.  92.47% ABC 3a€
Starch Time 80.1 * ABC ABC
J Temp. 49.9 *
Time 3.37 RO
Burnt Temp. 4i g ABC ABC
ISP " Time “120.1 %
Moldiness Temp. 22.8 * ABC ABC
*
Graininess zi::e l;gg?* BAC BAC
(Taste) P . *
i %
Tea-Like Time 13.76 BAC ABC
Temp, 0.0 = — —— —
Time 66.47%
Watery Temp. 135.1 * Bagc ABRC
%*
Time 146.6 ABC ABC

Earthiness Temp. 72.99%
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Duncun's Multiple Range Test
Scales Factors F Value High Temp. Parching Low Temp. Parching
Time 5.06%
Bitter Temp. 65.34% ABC Bac
Time 0.65
Sweet Temp. 1.24 ABC ABC
Time 182.,9 *
Mushiness Temp. 56.8 % ABC ABC
Hardness Time 166.4 * ABC ABC
Temp. 0.91
. Time 169.8 *
Cohesiveness Temp. '51.25% ABC ABC
Time 168.1 *
Chewiness Temp. 32.62% ABC ABC
%
Sweet E’“e g’gz BAC ABC
(Aftertaste) mp . '
Time 2.96
Bitter A BC ABC
(Aftertaste) Temp. 14.34
Strongliness Time 178.6 *
Temp. 3.17 ABC ABC

* Significant at both 1% and 5% level
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Appendix 28. 1973 Lake Wild Rice 31.1% Temperature Curing

Duncun's Multiple Range Test

Scales Factors F Value  High Temp. Parching Low Temp. Parching
Straightness ;':::s 1§2:§Z: ABC ABC
Colowr gt ie  ABC Abc
Dryness g::; Zgg ABC ABC
T ba
Breskage  pan a5 ABC Apc
Graininess "i“:zg ggg* ABC ABC
{Odour)
Swampiness :{.‘:2;“ 583:(9)3: ABC ABC
Toast E’f; 20515 * 22 C 238
Starchy  pgn 11y ABC Apc
Burne Tem.  2201%  AED gan
Moldiness $2$§ 173;‘3* ABC ABC
Grafnfness 30l j0m  ABC ABC
realike g M BEC BAC
ey o sy Lre
Earthiness }:Z‘m“g 4%3: g;: ABC ABC



Scales

Bitter

Sweet

Mushiness

Hardness

Cohesiveness

Chewiness

Sweet

(Aftertaste)

Bitter
(Aftertaste)

Strongliness

130

Duncun's Multiple Range Test

Factors F Value High Temp. Parching Low Temp. Parching
Time 55.29% ABC ABC
Temp. 12,.54%

Temp.  1.01 ABC ARG
tems. 027 ABC ABC
rems.  23.09¢ ARG ABc
remp.  316x  ABC ABC
rems. 13974 ARG aBc
remp. 366 BAC ARG
temp. 2,20  ABC ABC
rem. 040  ABC ABC

% Significant at both 1% and 5% level.
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Appendix 29. 1974 Lake Wild Rice 10°¢ Temperature Curing

Duncun's Multiple Range Test

'Scales Factors F Value MHigh Temp. Parching Low Temp. Parching
Straightness $:$§ Zi.gg: .‘ ACDSB _Ii__-p___
Colowr . ol ABED ABCD
- BYe i
Splitness "i“i:: 1;:?2* CBAD ABCD
Breskase g0 jolors  ABOD aRCD
Graininess ,}::ﬁ:' 22:?9* ABCD ABCD
(Odour) ‘

Swampiness E;‘:; | f:ié* ABCD CABD
Toast Tems. 15,95«  ADRG AECD
Starchy gm0 BDAC 4cps

Burne Tems. 1305+  ARBC 480D
‘Moldiness $:$§ g:gi. ABCD ABCD
Graininess g:ﬁ; iz:?g: ABCD ABCD
(Taste)

Tea-Like g::;‘ g:gg* ABCD ABCD
Watery $i$§ 12:22* ACBD ABCOD
Farthiness  Line 7.09% ABDC ACRD

Temp. 22 .43% ——r = S ———ie
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Duncun's Multiple Range Test

Scales Factors F Value Hich Temp. Parching Low Temp. Parching
Time 13.00% ABCD ABDC
Bitter Temp 10.29%
Sweet Time ' 4 ,98% —— —
Temp . 0.27 ABCD ACED
Time 2,23
Mushiness Temp. 0.31 ABCD ABCD
Time 7.66%
Hardness Temp. 25.67% ACBD Bpcar
Time 8.12%
Cohesiveness Temp. 8.20% ACBD ABCD
. Time 1.45 S
Chewiness Temp. 0.83 ACBD ABCD
' % — ——
Sweet gge g‘gé ACBD ACBD
(Aftertaste) Pe )
3 w——— a———
Bitter Time L. ABCD BEACD
(Aftertaste) P '
* ——
Strongliness ;‘:r[:e zggg DABC BACD
(Aftertaste) pe * '

% Significant at both 17 and 5% level.
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Appendix 30, 1974 Lake Wild Rice 21.1% Temperature Curing

Duncun's Multiple Range Test

Scales Factors F Value High Temp. Parching Low Temp.Parching
Stllraightness gizg ggég: ABC A__-;(_I_
Colowr gt Jpx ARG ARC
Dryness :::\; 8gi ABC ABC
Selitness gl gl ARG Acs
Breakage g yles  AG3B Azc
Graininess }':“1: gj;z: ABC ABC
(Odour)
Swampiness "i“irmn: 118:55: ABC ABC
Toast rems. 842 ARC ACTE
Starchy ’T"i:; g:él ABC ABC
Burnt remp. 2304  ABC ABc
\ Moldiness giﬁ: 4;:82: ABC ABC
ratntness TN B e ane
. (Taste)
Teaslike gl ol BAC ALC
vatery qan sl ABC anc
Farthiness $22§ ?2:?;3 ABC ABC



_ Duncun's Multiple Range Test

Scalesg Factors F Value High Temp. Parching Low Temp. Parching
‘ *
Bitter Time 23.45 ABC ABC
Temp. 0.0 - == -—==
Time 5.56%
Sweet Temp. 5.13 ABC ABC
Time 11.01% —
Mushiness Temp. 19.14% ABC ACB
Time 4.36
Hardness Temp. 4.88 ABC ABC
Time 1.33
Cohesiveness Temp. 0.10 | ABC A B C
Time 1.25 —_
Chewiness Temp. 1.51 ABC BAC
*
Sweet gi:e g'gg ABC ABC
(Aftertaste) pe )
*
Bitter Time 13'33 ABC ABC
(Aftertaste) P )
Strongliness "}_“éﬁe izg BCA ABC
(Aftertaste) p- :

* Significant at both 1% and 5% level.




Appendix 31. 1974 Lake Wild Rice 31.1% Temperature Curing

Duncun's Multiple Range Test

Scales Factors F Value High Temp. Parching Low Temp. Parching
Straightness :é:g ig'?g: ABC ABC

otowr Toe a4 iae
Dryness  pgns gpigpe  ACH ABc
splimess g 290 ane rnc
weakege i L anc ABE
Graininess gi::: nggi* ABC ABC

(Odour)

Swampiness giﬁ: SZ;g* AB g‘ ABC

Toast gi:g P ABC ABC

Starchy giﬁ; 2o ABC ABC
e ac
Moldiness 500 glee  ABC ATC
Graininess gi:;‘ fg:g;‘;: ABC ABc
(Taste)

T sie
ey T L rac
Earthiness $Z$§ 5(2):8;* ABC ABC



Duncun's Multiple Range Test

Scales Factors F Value High Temp. Parching Low Temp. Parching
Time 11.16%*
Bitter Temp. 5 28 ACB ABC
Time 4,59
Sweet Temp. 6.77% ABC BAC
Time 69.71%
ﬁushiness Temp. 2. 86% ABC ABC
)
Time 04.7
Hardness Temp. 18.47% ABC ABC
Cohesiveness ~iMe 4.09 ABC BAC
Temp. 0.0 - — = —
Time 9.85% —— ——
Chewiness Temp. 3.40 ABC BCA
i * — —_—
Sweet g::e ;'gg BCA BCA
(Aftertaste) p. °
* — -—
Bitter E‘;‘e g'gé BCA ABC
(Aftertaste) P '
Strongliness %iﬂe gi;s ABC ABC
(Aftertaste) Pe '

* Significant at both 1% and 5% level.
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Appendix 32». 19.73 Paddy Wild Rice 10°% Temperature Curing
: Duncun's Multiple Range Test
Scales Factors F Value High Temp. Parching Low Temp. Parching
Straightness "?::\11? 22%32: ABCD ACBD
ot T Waa o, srco
Dryness  gome 123 amcd ABCD
Splitness ,}::2: lg:gg* ADBC ABCD
Breakage . ,one Sl amcp ABCD
Graininess gi:: lgig: ABCD ABCD
(Odour)
Svampiness  pine  METE apcp ABCD
; Toast rem. 0.4+ ABCD ABCD
| Starchy reme. ot ABCD ABCD
. T ires
Moldiness ,},‘ZZS 5221'* ABCD ABCD
Graininess ,},‘;’:;‘ 73:27* ABRCD ABCD
Teslike  p00 04 ABCD ABCD
Watery ﬁﬁg 232* ABCD ACBD
Earthiness gi::ﬁ 42:22* ABCD ABCD
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Duncun's Multiple Range Test
Scales Factors F Value For the Different Curing Time
High Temp. Parching Low Temp. Parching

Time 3.61
Bitter Temp.  114.8 % ADBC ABCD
Time 23,39%
Sweet . Temp. 4.43 ABCD ACBD
Time 15.26%
Mushiness Temp. 0.02 ABCD ABCD
Time 40.56%
Hardness Temp. 0.03 ABCD ABCD
Time 4,23% —
Cohesiveness Temp. 1.36 ABCD ABCD
' Time 9.86%
Chewiness Temp. 6.48 ABCD ABCD
Sweet $i‘$e 332 BACD ADEBC
(Aftertaste) P *
% ——
Bitter ime . g'gi* ACBD ACED
(Aftertaste) p. '
%
Strongliness gi:e ;2:; CABD ACBD
(Aftertaste) . ‘

* Significant at both 1% and 5% level.
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Appendix 33, 1973 Paddy Wild Rice 21.1°C‘Temperature Curing

Duncun's Multiple Range Test
for Different Curing Time

Sgales Factors F Value ‘High Temp. Parching Low Temp. Parching
Straightnéss ;2:; Bi.gi* ABC ABC
T Y sac
Dryness giﬁg oggzl;* ABC ABC
N Yy sxc
wotase 30 s
Graininess :22:. gggg ACB BAC
(Odour)

Swampiness g:z:. 2;:32* ABC ABC
Y ise
Starchy Tome. 12.80% ABC ABC
Burnt $i$§ 4332: ABC ABC
Moldiness g:::g ?22%: ABC ABC
Graininess gi_:‘; 2;'3;: BAC ABC
(Taste) ‘ '

Tea-Like ~ poe  2ebd ABC The
ey T By see
Earthiness Time 14.63% ABC ABC

|

Temp. 32.24%
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Duncun's Multiple Range Test
for Different Curing Time

Scales Factors F Value High Temp. Parching Low Temp. Parching
Time 2.76
Bitter Temp. 15.70% ABC ABC
Time 0.50
Sweet Temp. 0.15 ABC ABC
Time 35.48%
Mushiness Temp. 17.53% ABC ABC
Time 21.26%
Hardness | Temp. 46.82% ABC ABC
. Time 16.32% o
Cohesiveness Temp. 1.57 ABC ABC
Time 25.03%
Chewiness Temp. 12.53% ABC ABC
Sweet ,E:e g‘gi ABC ABC
(Aftertaste) P '
*
Bitter g:ze ﬁ';i* ABC ABC
(Aftertaste) pe °
*
Strongliness gi’ﬁe i;g?* ABC ABC
(Aftertaste) P °

* Significant at both 1% and 5% level.
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Appendix 34, 1973 Paddy Wild Rice 31.1°C Temperature Curing

1
i

' Duncun's Multiple Range Test
Scales Factors F Value ‘High Temp. Parching Low Temp. Parching

Straightness ,}::::; 1;:33* AB AB
o T gem s
s TG, ‘s
Splitness ;22: 12(5)5 : AB AB
mage T Ras s
Graininess ::2; . (2) gg AB AB
{(Odour)
Swampiness %:2: 352:23* AB AB
T Y Y
T :
e T e, s
Moldiness g::; 22;:;4* AB AB
Graininess gizs g?go AB AB
(Taste)
Tea-Like ~ give  152.71% AB AB
= s
Earthiness Time 217.89% AB AB

Temp. 24,21%
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: Duncun's Multiple Range Test
Scales Factors F Value High Temp. Parching Low Temp. Parching

' Time 0.3
Bitter Temp. 7,66 AB A B
Time 0.11
Sweet Temp. 25.0 % AB AB
Time 38.06% . e
Mushiness Temp. bh . 67% AB AB
Time 15.87%
Hardness Temp. 1.29 AB AB
Time 278.8 *
Cohesivene;s Temp 6.74 AB AB i
Time 7 .41%
Chewiness Temp. 0.86 AB AB
Sweet gi'ze lg'gﬁ* A B AB
(Aftertaste) P *
Bitter :ﬁize 3(2)'33: A B AB
(Aftertaste) P *
*
Strongliness zzze 31843 AB AB
(Aftertaste) pe :

* Significant at both 1% and 5% level.
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Appendix 35. 1974 Paddy Wild Rice 10°C Temperature Curing

. Duncun's Multiple Range Test
Scales Factors F Value High Temp. Parching Low Temp. Parching
Straightness g:gg. %g:;i: ABC ABC
Colowr gor oo BAc Abe
Dryness pop. Toloy  BAC ARG
Splitness i::“; ig;: BAC ABC
Breakage $i:§. 68:23* ABC ABC
Graininess ';ZE; 1%:%* ABC ABC
(Odour)

Swampiness E:: 11?:88* ABC ABC
Toast gt gles  KBcC ABC
starchy p 03 Anc Apc
- Y asc
Moldiness ;gigg. 112:;3* ABC ABC

Graininéss’ E:; 190" ABC ABC
(Taste) .

Tealike  gon 043 ABc ARG
vatery gt Tlo Al AFC
Earthiness Time 17.18 ABC ABC

|

Temp. 4.41

|



Scales
Bitter

Sweet
Mushiness
Hardness
Cohesiveness
Chewiness
Sweet

(Aftertaste)

Bitter
(Aftertaste)

Strongliness
(Aftertaste)

144

Duncun's Multiple Range Test

Factors F Value High Temp. Parching Low Temp. Parching
Temp. 5.7 ADC ABC
Temp.  L.61 ABC ABC
tems. 015 ARG anc
remp. 223 ABC ABC
rems. 0.0  ABE azc
rems. 0.9 ARG Anc
Eﬁ; 3:273:73 BAC ABC
tem. 8.5+  BEA ABC
rem. 030 AR ABC

* Significant at both

17 and 57 level.




Appendix 36. 1974 Paddy Wild Rice 21.1% Temperature Cui‘ing

Duncun's Multiple Range Test

Scales Factors F Value High Temp. Parching Low Temp. Parching
Straightness ; n¢ 0-0>% AB AB
Colour g:'z: 15(2):}_1* AB AB
mess TH B 4 s
Splitness :i:izs. 48:;2* AB AB
weoss T VR s ‘s
Graininess 3:2; 22:;2* AB AB
(Odour)

Swampiness gi::. 462:3;* AB AB
e, s
T o
T 0% Az as
Moldiness $22§ 322:22* AB AB
Graininess gi:; ig?éz AB AB
Tea-like  pot 1370 AB a3
T o
Earthiness $12§ ﬁ)gg AB AB



146)

Duncun's Multiple Range Test

Scales " Factors F Value High Temp. Parching Low Temp. Parching
' Time 13,.32%
Bitter Temp. 2.99 . AB
Time 9.68%*
Sweet Temp. 0.0 AB AR
Time 15.38%
Mushiness Temp. 0.03 AB AB
Time 16.00%*
Hardness Temp. 0.25 A3 AB
_ Time 8.9 *
Cohesiveness Temp. 0.42 AB AB
Time 0.036
Chewiness Temp. 0.036 A B AB
%
Sweet rems. 004 AB Az
(Aftertaste) P *
Bitter :f,::e ;’(9)2 AB AB
(Aftertaste) P '
*
Strongliness gixe 3'82 AB AB
(Aftertaste) pe '

% Significant at both 17 and 5% level.




Appendix 37. 1974 Paddy Wild Rice

Scales
Straightness
Colour
Dryness
Splitness
Breakage
Graininess
(Odour)
Swampiness
Toast
Starchy
Burnt
Moldiness
Graininess
(Taste)
Tea-Like

Watery

Earthiness

147

31.1% Temperature Curing

Duncun's Multiple Range Test

Factors F Value High Temp. Parching Low Temp. Parching
223 . eas AB AB
Temp.  0.09 AB AB
remr. .03 AD AB
rems. 0.7 AD Al
:Z:; 38:11* AB AB
rem. 285 AR Az
Temp. 20945k AB A3
Temy.  27.30+ AR AB
remp. o2 AD AR
g::; 23:39: AZ AB
rems.  1391e  AZ A3
EES 23:27: AB AB
Tem. o0 AB AB
ren. o35 AB Az
remy. 0.0 AR AB




Scales

Bitter

Sweet
Mushiness
Hardness
Cohesiveness
Chewiness
Sweet

(Aftertaste)

Bitter

(Aftertaste)

Strongliness
(Aftertaste)

148

Duncun's Multiple Range Test

Factors F Value High Temp. Parching Low Temp. Parching
ren. 106 AL AB
tem. 124 AB As
Tem. o1 AB Az
Tens. 1.3 AB AB
Temp.  1oii3% AD AB
Tem. 1.0 AB AB
rens. ol AB AB
rewn. 33 AB AB
ﬁ;’;' : 391 AB AB

* Significant at both

[N

1% and 5% level.



