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INTRCDUCTION

Macaronl products are made from a basic mixture of durum semolina
or durum flour, or granular and water ; formed into some convenient shape,
and then immediately cooked or dried for consumption.at a later date,
According to Brabender (3), macaroni production in its simplest forﬁ involv~-
es -nothing else than reshaping the structure of the wheat kernel endosperm

previously extracted by the milling process.,

In his report on bread stuff of the United States publiched in
1949, Beck - Quoted by Leclerc (44) - called attention to the high gluten
content of durum wheat varietles stating that :"this wheat is worthy of a
trial in the United States, The color of the flour might perhaps be an obj-
ection +o its use for making bread but it would answer well for the manuf-

acture of macaroni and vermicelli".

Now it is a general bellef that the best macaronl products are
made from high quality durum wheat. This wheat is very hard, has a tough,
horny endcsperm. It tends to bte higher in protein content and has more yel-
low pignent than does bread wheat (41).

However, Irvine (38) observed that while many of the claims made
for the superiority of durum apply to a comparison of durum and soft Euro-
pean wheats, they are not nearly as apparent when comparing durum with hard
wheats of similar protein levels. According to Fabriani, guoted by Irvine
(38), who has conducted an extensive survey of those laboratories, princip-
aily in Europe, which dez2l with semolina and macaroni products, there ap-
pears to be no criteria of quality, except perhaps natural yellow plgmenta-
tion, which distinguish durum wheat from the other classes of wheat as rew

material for the macaronl industry.



The objectives of this study were : (1), to optimize the milling
yields of semolina and farina made respectively from two subclasses of dur-
um wheat and from hard red winter wheats having different dark hard and
vitreous kernel counts and protein levels ; (2) to process these products

into spaghetti under optimum standard conditions ; (3) to assess the quality

of the finished products.



REVIEW OF LITERATURE

Wheat grading system :
According to Murphy (36) " the factors which go to make up the wheat

grades are 1 first, classes and subclasses. Each class has its own character-
istics resulting from variety, soil, climate, habit of production, and

end uses ; subclasses reflect in general high or low protein content.,.., ;
then comes damaged kernels, test weight, foreign matter, and mixture of other
classes. Moisture content is treated as a basic limlitatlion, with excess mels-
ture cared for in sample grade"., That is, to determine wheat grades physical
factors such as test weight, kernel vlitreousness, amount of damaged kernels,
and extraneous material are considered, Each of these factors has a signif-

icant impact on the quality of the wheat.

To understand durum wheat quality, it 1s necessary to be famlliar
with the terms used to describe durum wheat and durum wheat grades. Accord-
ing +to the Official Grain Standards of the United States (69), durum wheat
is divided into the following three subclasses : "Hard Amber Durum Wheat",
which must contain 75 percent or mors hard vitreous kernels ; "Amber Durum
Wheat", which must contain more than 60 percent but less than 75 percent
hard vitreous kernels ; and "Durum Wheat", which contains less than 60 per-
cent hard vitreous kernels, Within the three subeclasses for durum wheat,
there are also numerical grades which are assigned. In addition, the clas-
sification of "heavy" also may be assigned to the grade to indicate that
the wheat has a test welght greater than 62 pounds per bushel. Accordingly,
the highest possible grade for durum in the United States is "U.S, No 1 Rea-

vy Hard Amber Durum" (64).

The class Hard Red ¥Winter, in the current grading system, does not

confain any subclasses. However, in the cld standards (é8), this class of



wheat was divided into the folleowing three subclasses - which we shall name
since thelr understanding is basic to our work - : "Dark Winter Wheat", which
must contaln 75 pexrcent or more of dark hard and vitreous kernels ; "Hard
Winter Wheat" which must contain more than 40 percent but less than 75 percent
dark hard and vitréous kernels ; and "Yellow Hard Winter Wheat", which cont-

ains - less than 40 percent dark haxd and vitreous kernrels.

Semolina and farina milling

The Natlonal Macaroni Manufacturers Assoclation, quoted by Ixvine
(41), defines semolina and farina as follows : Semolina is the purified mid-
dling obtained from the grinding of durum wheat, it is free from bran and
other offal and shall contain not more than 13,5 percent moisture and not
more than 1 percent flour ; farina is the purified middling obtained from
the grinding of hard wheat other than durum wheat, it is free from bran and
other offal and shall contain not more than 13,5 percent molsture and not

more than 1 percent flour.

According to these definltions, there appears to be no difference in
the physical characteristics of both products. Consequently, all that will
be said on semolina milling can be applied to farina milling.

The objective of semolina milling is different than flour milling.
Consequently, the flow of a semolina mllling process is quite different than
that of a flour milling process, Basically, durum wheat processing consists
of four steps 1 cleaning, tempering, milling, and purifying (10),

The objeét of cleaning is to remove all foreign matters from the
wheat before tempering (conditioning) for milling. An excessive amount of
foreign matter can be detrimental to the appearance and eating quality of

the finlshed product.
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The principal aim of tempering is to condition the wheat so that
the bran and endosperm can be separated efficiently, and to mellow the endos-
perm so that it may be reduced to yield a maximum amount of semolina and a
minimum amount of flour, In the cld times, millers used to temper for 24
hours or more (4, 26, 27, 35). This time is now reducsd to 6 hours, and is
usually divided into three stages. Two tenths to five-tenths percent water
is added in the third temper stage with a 30 minute duration. According to
Abercrombie (2), if a long single rest perlod were used, too much moisture
penetration would occur, Undesirable fines and flour would be produced du-
ring grinding, The semolina would lose brightness and have a whlter color.
The second and third temper have an advantage in that the bran retains a lot
of the water and is less apt to shatter or break apart into fragments during
the break grinding. The middlings thus are easier to purify and the grinding
glves a lower release of flour.

Durum milling is a complex procedure of repetitive grinding and siev-
ing, The conditioned wheat 1s ground on a series of corrugated break rolls
with different spacing between the rolls. The purpose of this first step is
to open up and scrape the wheat grains to release the endosperm from the bran,
A second set of rolls, called sizing rolls, with much finer corrugations is
used for grinding the middlings to the proper size. Various stacks of sleves
are used between the grinding steps to allow for mest efficlent reduction of
the endosperm to a proper granular size,

In the final stage of milling, the semolina 1s purlfied to remove
as many of the small bran particles as possible.

To accomplish this milling task many flow sheets have been designed.
As early as 1936,Binnington {4) made a comprehensive study of the durum

milling equipment and formulated a flow sheet with five breaks and itwo purif-



lecations, The equipment utilized consisted of a two stand Allis-Chalmers
experimental mill and a small scale purifier, Fifield (26) in 1937 devised
another flow with four breaks and a double purification. Harris (35) pub-
lished a more complex flow in 1942, with ten breaks and three purification
steps. Semolina yield was increased from an average of 31 percent for the
two former to around 66 percent for the unpurified semolina and 43 perceat

for the purified semolina, Finally, Fisher (27) in 1946 published a flow

with four breaks, two reductions done on lightly frosted rolls, and a double
purification, Semolina yield was around 53 percent, More recently, Black
(10) described a laboratory purifier that, used in conjunction with a three
stand Allis-Chalmers laboratory mill gave a semolina yleld of 55 to 60 perc-
ent. .

Quality characteristics of semolina and farina 1

According to the code of federal regulations, as of April 1, 1981: -

- Farina is the food prepared by grinding and bolting clean wheat,
other than durum, to such fineness that it passes through a No,20 sieve, but
not more than 3 percent passes through a No,100 s}ieve., It is free from bran
to such an extent that the percent of ash, calculated to a molsture free bas-

is, is not more than 0.6 percent., Its moisture content is not moxre than 15

percent,
- Semolina is the food prepared by grinding and bolting clean dur-

um. wheat to such fineness that it passes through a No.20 sieve, but not

more than 3 percent passes through a No,100 sieve, It is free from bran to
such an extend that the percent of ash, calculated to a moisture frse basis,
is not more than 0.92 percent. Its mecisture content 1s not more than 15 perc-

ent [] %
Beslde these officlal standards, many researchers have formulated



norms and standards of what a good semolina ought to be as far as granul-
ation, speck count, color, and ash,

Granulation 1 Walsh (64) gives the following particle size distrib-
ution for a typical U.S., Commercial semolina.

Table I. Particle Size Distribution for a Typical U.S., Commercial

semolina,
U.S.Sieve No. Sieve opening (mm)| % total semolina
On 20 0.86 0.0
On 40 0.38 228
On 60 0.23 51.6
On 80 0.18 14,6
On 100 0.14 9.3
Through 100 0.00 1.7

Banasik (10) refers to the same table saying that most U.S. macaroni
menufacturers prefer a semolina that has a uniform particle size rather
than a coarse ground semolina, With fine granulation., the semolina and wa-
ter can be mixed more easily to form a uniform dough for extrusion. If the
semolina is not uniform but consists of fine as well as coarse particles,
the fine particles tend to absorb water faster than the larger particles.
Consequently, the coarse particles remain dry throughout the mixing operat-
jon and tend to cause white specks 1n pasta,

According to Charles (12), a typical test on a good guality semolina
might show the following percentages on the various screens s U.S. No.20-
none ; U.S., No. 40 - 30 percent ; U.S. No., 60 - 50 percent ; U.3. No.3C -
15 percent ; U.S, No.100 - 4 percent ; pan - 1 percent., still according

to Charles (12), reliable millers and investigators belisve that a semol-



ina handles best in presses and makes better macaroni if a large proport-
ion . of particles are in the same size classification, stating the follow-
ing specifications of an "ideal" semolina : U,S, No, 20 - O percent ; U.S.
No,40 - 4 percent ; U.S, No, 60 -80 percent ; U.S, No. 80 - 10 percent ;
U.S, No, 100-5 percent, pan - 1 percent,

Abercrombie (20) extends this view by giving the following gran-
ulation range for commercial semollnat

OVERS 30 W Lo w Ls W 60 W 100 W PAN

0 20-28  10-30 30-40  10-15 3%

Finally, in an article called "Durum Milling" taken from material
submitted for use in the proposed Cereal Millers Handbook - Vol, II, we find
the following granulation specifications for semclina 1

OVERS 30W b2 W 60 W 100 W PAN

1 % Max 25-35 45-55 10-20 0-3 %
all the percentages are based on 100 percent semolina, sifting 10C grams
for 3 minutes on U.S, Sieve Seriés Screens.

Speck count : Since black specks and bran particles can detract
from the appearance of macaroni products, the speck count is a simple but
valuable test of semolina quality. However, there is no overall standard
for the number of specks per square inch, Different Companies or individ-
uals may have different standards, That is, for Whlsh (64) values of 10
to 20 specks per 10 square lnches are considered normal for good quality
semolina, For Banasik (10), if the number of small bran specks or other col-
ored material has been reduced to less than 6 or 7 per square inch of flat-
tened surface, the result will be a product with satisfactory appearance,

For Charles (12) a passable grade of semolina would have about 140 bran



specks in 100 square inches, and a really good grade would test 65,

Color : Color is in many cases the most important point of gquality
as far as semolina is concerned. As mentioned earlier, the endosperm of dur-
um wheat has a characteristic clear bright yellow colcr imparted by the
carotenoid pigment xanthophyll. To salvage as much as possible of this orig-
inal color is the main goal of semolina milling. The coarser the granulat-
ion, the deeper the yellowness ; the finer the granulation, the lighter
the color gets. According to Matz (52), many macaroni manufacturers are ac-
customed to grading semolina color visually, comparing the unknown sample
with a standard. This method has some value but its many shortcomings are
immediately apparent. For example, no printed color can satisfactorily dup-
licate the appearance of a semolina sample.

Since it 1s much easier to measure the transmitted color of a trans-
parent sample than it is to measure the reflected color of an opague subs-
tance, many investigators have itrled to simplify the problem of color eva-
luation by extracting semolina or farina pigments and working with clear so-
lutions (6, 39, 40, 51, 53).

Although colorimetric measurements of extracted pigments add some
degree of objectivity to color evaluation, they have many defects when used
for determining semolina color, First, plgments are not the only determinant
of ceolor. In granular substance such as semollina, particle size, among other
factors, affect color (40). Purthermore, granule size and shape will affect
the rate of extraction of pigments.According to Matz (52), a complete Tan e
ery of the carotenold pigments by extraction is difficult, especially when
particle size is relatively large.

A logical way to avold the disadvantages of the extraction procedure

is to measure the color of the product itself, Matz (52) described a method
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of recording the color of. the product by utilizing a rapid scanning spectro-
photometer and found out that the greatest difference 1n the amount of rei-
lected light appear near 435 millimicrons, suggesting that the comparisons
should be made near this wavelength.

Gillis (28) developed a method for color measurement of cereal prod-
ucts with the Agtron reflectance spectrophotometer utilizing the 546 milii-
microns line of mercury for green and the 436 millimicrons line of mercury
for blue, this later wavelength being the same as the one noted by Matz (52},
Furthermore, the blue spectrum operates in the yellow - white reglon, rend-
ering 1t more suitable to yellowness measurement of semclina.

Ash : According to Irvine (41) the endosperm of durum wheat tends to
be higher in ash than that of common wheats, and semolina milled to compar-
able extraction rates are generally 25 to 50 percent higher in ash. A durum
semolina of about 65 percent extraction (Wheat basis) will normally have an
ash content in the range of 0.55 to 0.75 percent (14 percent moisture basis),
depending both on the type of wheat from which it was milled and on the ef-
ficiency of the milling operation. Higher ash values usually indicate longer
extraction rate or inefficlient milling, Farina milled from bread wheats are
normally lower by 0,10 percent or more in ash than those milled from durum,
Leclerc (44) also remarked that farina have a lower ash content (0,45 percent)
when compared to semolina (0.60 percent),

Spaghetti processing :

Basically, the production process for spaghettl consists of adding
water to semolina or farina in such quantity as to produce a mixture of 31
percent moisture, mixing these ingredients together for a short period of
time, kneading the dough to obtain a plastic homogeneous mass and then exi-

ruding the mass through dies under pressure, After extrusion, rroducts are
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dried and packaged.

Processing : Until about 1935 or 1948 most spaghetti were made by
a batch process (4, 5, 12, 33, 34, 44, &4), That is the semolina and water
were weighed and combined in a batch mixer.The mixer was operated for ap-
proximately ten minutes and then dumped into a kneader or gramola ., The loose
dough was compacted in the kneader by subjecting it to heavy corrugated
rollers which bore down on the dough as it passed under the roller in a rot-
ating pvan. Slabs of plastic dough were cut from the kneader and placed in
the chamber of the hydraulic press. Pressure was than brought to bear on
the dough to force it through dies at the bottem end of the hydraulic cham-
ber (44),

More recently, the functions of mixing, kneadirg, and extrusion
have been combined in the continuous press normally equipped with volumetric
feeders which provide a continuous flow of semolina and water to the press.
The continuous mixers are equipped with horizontal snaft and blades that move
the product slowly forward while mixing the dough. At the end of the mixer,
the dough drops into a specially designed auger which is in a tightly sealed
cast housing., The auger moves the dough forward and at the same time compacts
it, building up pressure and kneading the dough simultaneously.

Then the plastic dough feeds into a chamber behind the die, The pres-
sure built up on the dough by the auger causes the dough to be forced ihrough
the die forming it into the characteristic tubular shape of spaghettd,

According to Ixvine {38), two major steps were taken to improve the
physical characteristics of spaghetti produced by the new process t applicat-

ion of vacuum and teflon dies.

The vacuum process, originally developed by Buhlexr brothers, Uzwil-

Switzerland (12), is applied to the pasta either by enclosing the entire mix-
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er in a vacuum chamber, or by drawing a vacuum on the pasta Just before
extrusion. According to Banasik (10), if air is not removed small bubbles
will form and give the finished product a white, chalky appearance. Alr bub-
bles also can diminish the strength of the dried product, In addition, oxid-
ation of the plgments will occur causing the product to be pale and unat-
tractive. By applying the vacuum 1t is possible to remove alr bubbles which
enable the product to be more dense with a deeper, more translucent yellow
color, The dried product will have a slightly longer cooking time with bet-
ter resistance to overcooking.

Following the applicaticn of vacuum, dies with teflon inserti were
produced which gave a very smooth, waxy surface to the spaghetti and perm=
itted the processing of tougher dough without the usual accompanimeni of
a very rough (and hence pale) surface (38).

Drying + In the spaghetti manufacturing process, one of the most
important operations is that of drying., When the pasta product is extruded
from the press, it contains approximately 30 percent moisture, This moist-
ure must be reduced, carefully and deliberately, to obtain a hard transl~
ucent ' product., free from "checks”, having approximately 12 percent moist-
ure at the ernd of the drying perlod, If the moisture is removed too rapid-
ly , the product will tend to crack ; if the rate of removal 1ls too slow,
the "long goods" which are suspended on rods, will tend to stretch. In
addition, with the growth of microorganisms, the product may become sour
(10, 12, 22, 29). Consequently, to obtain a product with a high degree of
acceptabllity, the drying process must be carefully controlled, Factors
avallable to the itechnologist to permit this centrol include placement of
the product within the dryer and physical factors pertaining to the drylng

air such as temperature, humidity and velocity within the cabinet (29).
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To accomplish this task, many dryer designs and drying cycles have
been used, Leclerc (44) reports that in Italy spaghetti were dried in the
sunshine, in the open air. However,this method was considered unhyglenic as
1t exposed the product to all kinds of germ-laden dust. Modern manufactur-
rers dry spaghetti in specially constructed drying rooms through which a cur-
rent of filtered air 1s blown by means of fans., The alr laden with moisture
from the spaghettl 1s thus being continually replaced by clean dry air,
Walsh (6@) reports the following as an example of a drying cycle successful-
ly used for spaghetti. The predryer exposes the product to air at 150°F for
one and half hour at 65 percent relative humidity that lowers its moisture
content from 31 percent to 25 percent. After that, the precduct enters the
final dryer where temperature is held constant at 130°F and the relative hunm-
idity is varied., In the first stage, the product is held at 95 percent relat-
ive humidity for one and half hour. This is called '"sweating" or rest perl-
od, In the second stage the product is exposed to a relative humidity of 83
percent for four hours after which its moisture content is about 18 percent.
Additlional moisture is removed in the third drying stage where the product
is held for eight hours at a relative humidity of 70 percent, Manser (58)
used a high temperature, short time drying cycle, and compared the quality
of the product dried by this method against a standard low temperature, long
time drying cycle, He concluded that the product dried with high temperature

had a better color and overall quality., Dexter and coworkers (20) also compa-

red the characteristics of spaghettl produced from two high temperature dry-
ing eycles. One cycle featured high temperature at the inltlal stage of dry-
ing, the other featured high temperature during the latter stages of drylng.

The contrel was spaghettl produced by low temperature drying., They concluded



14

that, beside a greatly reduced drying time, spaghettl dried with hisgh temp-

erature (especially when applied at the later stages) had better color and
also better cooking qualities,

Quality evaluation of spaghetti:

According to Leclerc (44) the characteristics of good spaghetii zrs
hardness, brittleness, translucency, elasticity, and a rich amber color. The
fracture should be glassy, producing only a few pleces and no splinters,
long pieces should have sufficlent pliability to allow considerable bending
before breaking, However, the final proof of the quality of spagheiti is in
the eating, For that the behavior of spaghetii upon cocking is the most im-
portant. According to Hummel (33), when cooked a good macaroni product should
absorb at least twlce its weight of water, and swell to three or four
times its original volume, It should retain its shape and firmness, develop
a clear appetizing odor characteristic of hard wheats, and does not become
pasty. Therefore, the most important factors associated with pasta are 1
color ; mechanical strength ; and cooking characteristics such as water abs-
orption, swelling, resistance to disintegration, and tenderness.

Coloxr 1 The tradition is that if spaghettl is yellow, it is a supex-
ior prodwct, This tradition is still current today, although there are a
nunber of other wheats which ean produce good spaghettl but do not yield a
yellow product.

The factors assoclated with a good spaghettl pclor are quite comp~.
lex, involving not only the pigment content but aisc translucency and vitr-
eousness which, 1n turn, are apparently dependent upon the guantity and
quality of proteine, the degree of hydraﬁion of starch, and the processing

conditions (4, 6). Clear deep-yellow pasta is obtained from semclina of .
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high yellow pigment content and low lipoxidase activity, which has been
milled to a fairly low extraction (60-65 %). As semolina extraction rate
incereases, the color becomes increasingly brownish,

Small differences in pasta color can be detected by visualrobser-
vation. Therefore, pasta color can be assessed by visual comparison against
standard samples, However,errors in visual measurement can arise due to
changes in color of standard samples with age, differences in concept of
color among judges, and lack of precision in desctribing the color (66).

In an attempt to eliminate these errors, obJjective measurements of
spaghetti color have been introduced, Fifield (26) measured the yellow col-
or of molst semolina with a Munsell spinning disk., Matz(52) tested the
accuracy of several photoelectric instruments for measuring the color of
durum semolina and found that the Hunter color - difference meter, the pho-
tovolt reflectance meter, and the Densichron reflectance meter gave good
results ; but gave no data on color measurement of spaghettl or other finis-
hed products. Matsuo (50) reported differences in the reflectance spectra
between yellow and brown pasta using the Ten Selected Ordinate method. Lat-
er, Walsh (66) outlined a method for color measurement of spaghettl utiliz-
ing the Magnuson engineers Agtron Reflectance Photometer Model M-500 equip-
ped with a M-300 wide area viewer, the Carl Zeiss photoelectric reflectance
FPhotometer, and the Hunter Color Difference Meter equipped with a D-25 optie
al unit. With each instrument he measured the color of different samples of
spaghettl and recorded the values in terms of percent brightness and pere-
ent yellowness. Based on these values he devised color maps for each inst-
runent combining these two values into a single color score value,

/yhechanigg; strength 1 The test for spaghettl bresking strength is
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usually performed manually and hence 1s subjective, Seweral repports describe

machines F6r recirding breaking strength 1 Binnington and Geddes (%), and

Holliger (30). But the rather poor reproducibility of such tests generally
limits thelr usefulness in establishing relations between other factors and
breaking strength, Strong, elastic spaghetti usually indicates a well pro~
cessed product of reasonably high protein content ; the physical properties
of the dried product give little indication, however, on the cocking quality
and hence are of limited value (41).

ﬁCooking characteristics ¢ The test for spaghettl cooking quality is

usually made on a fixed quantity of dried product with a fixed volune of wat-
er held at a2 constant bolling temperature, The test involves measurement of
percent swelling, of the quantity of residue in the coocking water, and of
product tenderness, after a fixed period of boiling (41).

For firmness measurement, most often the "bite test" and taste panel
test are used, but these tests are not reliable as they are subject to indie-
idual bias,

Several workers (6, 30, 43) have introduced objective measurements of
pasta firmness, Such tests are much more preferable and reproducible than
organocleptic assessments, However, no data on texture of cooked spaghettli
were given. Hollizer (30) suggested that the tensile strength of uncooked
spaghetti was related to firmness but gave no data on the texture or eating
quality of the cooked spaghetti. Walsh (62) used an Instron Universal Test-
ing Machine to cut the spaghetti strand, The area under the force-deformat-
ijon . curve was used as an index of firmness of the cooked spaghetti. This was
found to correlate with sensory analysis, Latter, Walsh (63) showed the rea-
Wlts of texture or "bite" of three cooked macaroni products (spaghetti,

egg noodles, and elbow macaroni) against a taste panel, and concluded that
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the shear test was much more convenient and efficient than taste panels for

evaluating the firmness of cooked macaroni products.
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MATERIAL AND METHODS

Durum wheat used in this study was obbained from PEAVY INERNATIONAL
INC. Minneapelis - Minnesota, Hard red winter wheats with different amounts
of dark hard and vitreous kernels count, and different protein content have
been mede available by FAR-MAR-CO,, INC, Hutchinson - Kansas. The wheats
were analyzed and evaluated prior to experimentation. Standard measurements
were used to indicate the characteristics of each type of wheat., The results

of these tests are shown in table 2.

Wheat Cleaning and Sample Preparation;

Cleaning of wheats preparatory to analysis and sample make-up were
done by passing the wheats through the Carter Dockage Tester. The cleaned
vwheat was distributed into the proper amoiint and number of samples required
for testing. Fach sample was packaged in a plastic bag to prevent molsture
fluctuatica pricr to tempering. Random procedures were followed in the prep-
aration of the samples,

Conditioning or tempering ;

All wheat samples were tempered in the same manner prior to milling,
in three stages, In the first stage,the moisture content of the sample was
ralsed o 13 percent and was left undisturbed in a metal can for two and
half hours. In the second stage, the moisture content was raised to 16 perc-
ent. and again the sample was left to rest for two and half hours, 30 minu-
tes pior to milling, a sufficient amount of water was added to raise iis
moisture content to 16.5 percent,

Samples were tempered by adding the necessary amount of water in the
form of a fine mist to the sample of wheat rotating in a metal blending
drum, The amount of water toc be added to the sample was determined by using

the following formula
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100 - M1
XWL=Wl+H
100 - M2

M} = percent moisture in the untempered wheat sample.

M2 = percent moisture desired in the wheat sample.
Wi = welght of untempered wheat,
H = amount of water to be added, in grams.

Grinding procedure ;

The milling of the sample was done in a laboratory Ross mill accor-
ding to the flow given in figure 1. This flow consists of five breaks, two
chunks, two slzings, one tallling and a double purificatiocn. The brsak rel-~
eases and extractlons schedule are given in figure 2 and table 3. The overs
of 44 wire cloth of all the breaks and chunks were collected together and
purified before sizing. The overs of the flour clothes were also collected
and sent to the grader. From here on, the overs of the 44 and 60 wire clo-
thes were regrouped and further purified by mean of a seed blower using an
adequate zir flow strong enough to 1ift the branny particles, The overs of
the flour cloth were further ground on smooth roils to reduce them to flour,

The milling material utilized in this study had the following
gpecifications

Two stands of corrugated Ross 9" X &" rcller mills running dull to
dull at a differential of 2,5 ¢+ | were used for the break, chunk, sizing,
and tailing systems. The stand utilized for the primary - first, second, and
third - hreaks had a pitch of 14 corrugations /inch for both fast and slow
rolls and a quarter inch per linear foot spiral. The corrugations were of
Getchel type., The stand used for the secondary - fourth and fifth - breaks,
chunk, sizing, and tailing had a pitch of 22 corrugations /inch for beth

fast and slow roll, and a half inch per linear feot splral. The corrugations
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STREAMS LOAD TO # RELEASE % EXTRACTICM | & 4EXTRACTION
! BK 100.0 20 20.0 20.0
28K 80.0 30 24.0 44.0
38K 56.0 E 16.8 60.8
4BX 39.2 25 9.8 1.5
SEK 294 25 1.4 78.0

TABLE 3 . BREAK RELEASE—EXTRACTION SCHEDULE

FIRST BREAK
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were alsc of Getchel type. The reduction was done on a pair of smooth rolls
running at a differential of 1.5 = 1.
Between each grinding step, the stock was sifted and graded in a

Smico laboratory sifter runnings at 240 revolutions per minute with 1

=

inches cirecle of gyration.

The sizing stock was purified in a small 4 square feet laboratory
purifier running at 600 strokes per minute with i inch throw, The purifier
had a suction system with cyclene and a fan with variable speed drive able
to circulate up to 113 cubic feet per minute of ailr,

I'or each type of wheat, six four thousand gram samples were milled,
Moisture, protein, and ash analyses were made on each sample of milled sem-
olina and farina., In addition, a2 granulation test, a speck count, and a
color evaluation were performed. For the flour, moisture, protein, ash and
Wwet gluten analyses were performed before discarding the samples.

Spaghettl Manufacturing Procedure :

Sefore processing the samples into spaghettl, the six samples wers
blended together in a blender, Moisture, protein, ash, granulation test,
speck count, and color evaluation were performed. The samples were kept in
the cold storage room in sealed plastic bags until processing. Spaghetti
was processed in duplicate from each semolina and farina blend.

The processing equipment consisted in a Damaco semi-commercial scale
extruder equipped with a mixing chamber having two horizontal and parallel
shafts with blades, an extrusion screw revolving at a speed of 30 R.P.M,
tightly sealed in a cast housing, and a2 die head supporting the brass die,
The diameter of the die holes was 1.9 mm., Both the mixing chamber and the
auger were Jackeied and provided with hot water at 399C. to ensure a const-

ant working temperature, In addition, the entire mixing chamber and the
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auger were put under a vacuum of 15 pounds per square inch,

Before processing, each batch of semolina or farina was put in a
Hobart mixer and a sufficient amount of water at 380C, was added while blend~
ing, Mixing time was divided into two steps 1 a slow speed mixing step while
adding water, followed by a mixing period at medium speed, After mixding,
the dough was immediately put in the mixing chamber of the laboratory press
and processed,

After extrusion, spaghetti was placed on stainless steel rods and
placed in the drying cabinet of a Demaco Semi-Commercial dryer provided
with a Honeywell autcmatic temperature and relative humidity ccentrol system,
Spaghettl was dried for 10 hours according to the high temperature

drying cycle described by Dexter and coworkers (20) - modified to accomodate

our dryer - , and summarized in figure 3,

Physical Methods of Determination

Wheat : The moisture, protein and ash aralyses for wheat, semolina,
farina, and flour were determined by procedures 44-15, 08-01, and W6-11,

respectively in Cereal Laboratory Methods (1).

The pearling vaiue test was performed as outlined by Me Cluggage
(54), by using 20 grams of sample wheat for the test, The wheat was pearled
in a strong Scott barley pearling machine for €0 seconds, The product
then was removed and sifted on a number 20 wire sleve manually for 20 sec-
onds to separate the product. The wheat remaining on the number 20 sieve
was welghed and recorded as a percentagze of the original sample.

The wheat size test was performed according to the following method,
Two hurndred grams of wheat were placed on the top of a stack of 3 Tyler
standard sieves (Numter 7, 9, 12). This stack was inserted in a Tyler Ro -

Tap testing sizve shaker and the machine run for 60 seconds, The amount
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retained on each sieve was recorded as a percentage of the total sample
welght., The purpose of the test was to assign a universal size designation
to the wheats used in the experiment,

The 1,000 kernels count was determined with an electronic seed coun-
ter idsing L0 grams of wheat, and using the count of this weight to determine
the weight of 1,000 kernels.

The density was determined with a Bechman Air Pycnometer using a
ik .4 grams sample according to the method outlined in the manufacturer's
ranuels Density = Lh.4 grams

Volume {cc

The percentage of dark hard and vitreous kernels was determined with
a vheat slicer on 100 kernels hand picked at random from a 100 grams sample
of clean wheat from which all the broken and shrunken kernels have been rem-
oved, 50 percent starchy endosperm was considered as an arbitrary cut-off
point between yellow hard or starchy endosperm, and dark hard and vitreous
endosperm (plates I & II, figure 4).

The Falling Number is a value indicative of the presence or absence
of sprouted wheat. In normal porduction years, the Falling Number for durum
wheat will average around 400 units. Falling Number values less than 300
units generally indicates the presence of sprouting. The test was determined
on 7 grams of ground wheat according to the method outlined by Doty (21).

The gluten content was determined with a Glutomatic - 2200, using a
10 grams sampie of ground wheat according to the method outlined in the
manufacturer's manual,

Semolina and farina @

The particle size test (granulation) was determined using the Tyler
Ro-Tap testing sieve shaker and the fcllowing Tyler number sieves + 30, 42,

60, and 100 wire mesh, 100 grams of the ground product were put on the top



SENTATION OF THE TRANSECTION OF WHEAT ABOVE THE GERM (41)

FIGURE 4 — SCHEMATIC REPRE
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EXPLANATION OF PLATE I

Transection of durum wheat kernels.
White endosperm : Chalky
Dark endosperm 1 Vitreous
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EXPLANATION OF PLATE II

Transection of hard red winter wheat kernels,
White endosperm : Chalky
Dark endosperm t Vitrecus
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sieve and the Ro-Tap run for 3 minutes. The product remaining on each sieve
was weighed and expressed as percent over,

The speck count was determined according to the following metihod
cutlined by Walsh (64), A well-blended sample of semolina or farina was pour-
ed or. a flat surface, A 10 X 10 inches glass plate with 1 inch square window
was placed at random on the semolina surface and the visible specks
(bran or black particles) within the window were counted. The determination
was repeated 3 times, and the average was expressed as speck count per 10
square inches,

The color was measured with an Agtron M - 500 photoelsctric cclori-
meter, The standard disks No, € and No, 97 were calibrated to read 0 and 100
respectively, with a blue specfrum. A sample of 25 grams was poured into the
cup, packed uniformly by lifting and dropping it 40 times. The cup was then
placed in the cell and the color reading recorded. The determination was re-
peated three times, The percent yellowness was calculated by subtracting
the average reading from 100.

Figment content was determined according to the method outlined by

Dexter and Matsuo (i4) on 8 grams of semolina and farina extracted over-

night with 40 milliliters of water saturated n - butyl alcohol, After fil-
tering the extract, light transmissicn was determined in a BAUSCH & LOMB
spectrophotometer at a wavelength of 436 millimicrons, and concentration was
calculated on the basis of p carotens.

Spaghetti s

Spaghettl color was measured with an Agtron photoelectric colorime-
ter equipped whth a M ~ 300 wide area viewer, 16 spaghetti strands were plag-
ed . in 2 special holder 1 3/8 X 6 inches, covered with a 30 square inches

0 % reflectance black plastic holder and placed over the wide area viewer.
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The optical viewer was calibrated to compare spaghettl reflectance against
a No., 90 standard dilsk, Reflectance was measured through red, green and blme
optical filters, and the data were converted to yellowness values (b%) and
brightness values (1%) using the formula described by the AACC Method 14-22
(1) . The color map devised by Walsh (66) was used to convert 1% and b%
values to spaghetti color scores.

Cooking chg;?cteristics,: Each spaghettl was cocked to its optimal cocking

time, Optimal cooking time was defined by Dexter and coworkers (17,20) as

the time required for the white core to dissapear., This was determined by
removing a stwand from the cocking water every minute and crushing it

between two glass plates,

Cooking weight : 10 grams of spaghetti strands were placed in a 600 ml, bea~

ker containing 300 ml. of watexr, covered with a watch glass, and boiled for
the established optimum cooking time in a constant temperature bath at 98 -
990C, Cocked weight was measured after draining the sample on a wire sereen
for 5 minutes,

Cooking loss 1 Cooking water was dried in an air oven at 950C for 12 hours,

and then dried to dryness at 1300C for 1 hour to determine the amount of
residue.

Firmness or tenderness : Cooked spaghetti was cooled in distilled water at

room temperature for 10 minutes before testing for firmness, The cooking
water was removed and the sample was covered with a watch glass for the firm-
ness measurements. A modified Instron machine equipped with an amplifier
and a recorder was used to measure the firmness of the cooked spaghetti
strands (expressed in grams of sheer force).

These tests were also done after overcooking the spaghettl samples
for 10 minutes, mainly to determine the resistance to disintegration due +o

overcooking.



RESULTS AND DISCUSSION

Milling results and discussion :

The average of the milling results ; moisture, protein and ash ana-
lyses for dvrum semolina and hard red winter farins 3 and moisture, proteln,
ash, anc wet gluten analyses for flour are shown in tables &4, 5, and &
respeciively isee appendices for complete test resulis),

Analyses of varlance (tables 7, 8, 9) were performed for the mil-
ling results, color and speck count ; semolina and farina granulations
and hard red winter farina and flour yields,

Total extraction : The percentages of total extraction seemed to be

different. For that, a Least Significant Difference {L.S.D.) test was perf-
ormed (tabie 10). This test showed that the only significantldifferences,
at the 0,05 level, mainly occured between hard red winter (H.R.W,) samples
number 2 through 4 and durum and hard amber durum samples. However, these
differences in yleld, even though significant, did not exceed 3.5 percent.
Also, 1%t should be pointed out that hard amber durum and durum wheat samp-
les were milled first, followed by hard wheat samples as they became avai-
lable, As we progressed through the experiment, the results were somewhat
improved. This might be due to a better conirecl of the milling technique,

Farina, semolina, and flour extractions : The amount of farina, sem-

olina and flour extracted was also significantly different at the 0,05
level, The L.S.D. tests (tables 11, 12) showed that the main difference cc-
cFrg§_b§tween hard amber durum and durum semolina, and the different types
of hard red winter farina. This was expected and was in accord with observ-
ations _from the literature (41), since durum wheat ylelds higher amounts
of seméiiga and consequently lower amounts of flour when compazed to hard

red winter at similar extraction levels.
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Going further in our analysis, We performed an analysis of vari-
ance for hard red winter farina and flour yields. This analysis coupled
with the L.S.D. tests (tables 14, 15) showed that the results were signifise-
antly different at the 0,05 level of significance. For that, regression
analyses were done in order to relate both farina and flour ylelds to the
dark hard and vitreous (D.H.V.) count., It was found that farina yield inc-
reased linearly (R2 = 0,98) with the D,H.V, count (figure 5) ; while flour
yield decreased linearly (R2 = 0.07) with the D.H.V, count (figure 6), How-
ever, these results might not be totally reliable since the D.H.V. count
was not increased in regular increments,., We especially do net know what
could happen to both farina and flour yields in the range of 30 to 50
percent D, H.V.

Color ¢ Semolina and farina color also seemed to be different, The
L.S.D. test (table 13) showed that the color scores were significantly dif-
ferent at the 0.05 level of significance. The differences seemed to occur
mainly between durum semolina and hard red winter farina. As we did for
farina and flour yields, we also pexrformed a regression analysis forifarina
color in order to relate it to the D.H.V, count., It was found that the co-
lor improved linearly (RZ2 = 0,75) with the D,H.V. count (figure 7).

Speck count : The analysis of variance for the speck count on both
samolina and farina showed no differences between samples at the 0,05 level
of significance. However, these numbers are somewhat higher than the norms
found in the literature (64). This high speck count might be due to two
things. First, since our primary purpose was to optimize the ylelds of farina
and semolina, it was necessary to grind closer in the secondary breaks,
and use a tailing step in order to recover as much product as possible,

This of course increased the speck count and lowered the color. Second,
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the purifier was a little bit too big for the load., This coupled with a some-
what low air volume resulted in a poor purification., The seed blower utiliz-
ed - to remove some more of the branny particles from the finished product
helped somewhat buf was not totally efficient,

Granulation 1 The analysis of variance of the granulation on both
semolina and farina also showed no difference between samples at the 0.05
level of sighdficance. Granulation curves were also drawn (figure 8, 9) in
order to better visualize the similarities of the particle size distribution
for the different semolina and farina samples. Also, when compared to the
norms glven in the literature (20), our products seemed to be somewhat coars-
er and more homogeneous since the bulk of the product (about 85 %) was comp-
osed by the through of a 30 wire and over a 60 wire.

Protein, gluten, and ash analyses : In all cases, the protein cont-

ent of the flour was higher by at least one percentage point than that of
the semolina or farina. The proteln content of some of the flour samples
exceeded that of the original wheat from which they were milled. This would
indicate a concentration of the proteins in the finer particle size fractioms.

In all cases, the gluten content of the flour was similar to that
of the wheat from which they were milled, Quantitatively all flours have a
high gluten content, However, it might have been useful to run a sedimenta-
tion test in order to determine the gluten strength,

The ash content of the semolina and farina was somewhat in accord
with observations from the literature (41), However, it seems that the ash
content is high, and thls is related to the high speck count. Flour ash was
also higher than normal for a straight grade flour, especially for durum
and hard amber durum. The reasons for that might be similar to that of the

speck count,
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Table 8§ -~ Average moisture,protein , ash

Analyses for farina & semolina.

Products Moisture Protein ¥ Agh *
Hard Amber D, Semolina 15.0 1.9 .78
Durum Semolina 15.2 12.3 «75
Hard Red Winter (1) Farina 15.4 1.6 .58
Hard Red Winter (2) Farina 15.3 10.8 .56
Hard Red Winter (3) Farina 14.5 10.2 .56
Hard Red Winter (4) Farina 14,2 10.7 LU49
Hard Red Winter (5) Farina 14.2 10.9 .49

* 14 % Moisture basis.
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Table § - Average Moisture, Protein, Ash, & wet Gluten

Analyseg for flour

Product Moisture |Protein * Agh * Wet Gluten
Hard Amber D, Flour 15,1 14.0 .98 B
Durum Flour 15.4 14,1 ..89 32,7
Hard Red Wwinter (1) Flour 15.7 12,8 .63 Ts5
Hard Red Winter (2) Flour 15.9 19:8 60 3.4
Hard Red Winter (3) ¥lour 15.2 11.6 .£8 3.0
Hard Red Winter (4) Flour 14,6 13.4 .66 35.7
Hard Rec Winter (5) Flour 15.0 151 03 35.5

* 14 % Moisture Basis,




40

*1eA8T GO'0 2Y3 3€ JURdTITUITS x
*TeaaT GO*0 9y3 3e JUBOTJTUSTS UON °*8°U

Ly Te3}0L
206° | 626 4L g2 016°G¢ 4 1! <4 S9865BTD UTYITM
* LE1°G0G *8U g6G°Gi * LIB70RE * Ohg°g61 * lgl ol 9 BOEERTY UsaMmlsd
JI0T0D 1unoo yoadg JNOTd % ‘wee p “JeJ % Xd
J*p UOTQBTJIBA JO 82.IN0gG
280URITITUITS axenbg ugap]
*3unod yoode pue ‘I0T0D
‘paInsaa SurliTW ayj3 JO aduUeLIeA JO gIsdrTeuy - /[ o1qe]




4

*T8A8T S0°0 9Yy3 3® JuUOTITUITE UON *B*U

ch Te30L
260°0 889°0 2Ll*o 068°0 Ge S88S86BTO UTUITM
*e*u JeL*0 | s*u ¢gz*0 *8°u /1g°0 g*u Gz,°0 9 §988BTD UsaMlag
Q0L NIyl 00l JI8A0 8 J3A0 N.:_ JI3A0
J'p UDT3BTIJIBA JO §30Jan0g

20UROTITUITE ouaenbg uesy

puR BUTTOWSS UMJINP JO 9OUBTIBA JO SISATRUY —

‘suotdeTnuead BUTIBRI *M°*Y'H

g9 °1q®L




42

*T9R8T GO*0 9U3 3B JUBDTIFUITS »

62 1830,
19L°0 G090 Ge §988BTD UTYITM
x 60%°GS * 052708 h gesseTd usaMlag
JNOTT ¥ BUTJIRY ¥
*I'p UOT3ETIBA JO 80anog
20UBITITUITS axenbg uBSp

*SPISTLA amoTs
Pu® BUTJIBF *M*Y'H JOJF 8JUeTJI®BA JO STBATRUY — § oTqQB]




Table 10 - Ordered array of means for percent

extraction

Classes X L.S.D.
H.RJW., # 4 70.62 14253
HiRW. # 5 70.55
H.R.W. # 3 70.10
H.R.W, # 2 69.73
H.R. W, # 1 68.52 |
Durum 68,30
H.A. Durum 67.05

Table 11 - Ordered array of means for percent

farina and semolina yields,

Classes X L.S.D.
H.A. Durum 55455 6.980
Durum 47.18 |
H.R.We 5 4y 88
H.BJW 4 43,78
H.R.W 3 k2,33
H.R.W. 1 37.55
H.R.W 2 36.73

* Lines join difference between means lower than L.S5.D.
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Table 12 - Ordered array of means for percent

flour yields

Classes % L.S.D.
H.R.W. # 2 33.00 18.165
H.R.W. # 1 30.97
H.R.We # 3 27.77
H.R.W. # b 26.77
H.R.W. # 5 25.73
Durum 19.87
H.A.Durum 14,75

Table 13 - Ordered array of means for color

Classes I L.S.D.
H.A. Durur 56.92 1.620
Durum 53.67
H.R.W. # 5 37.08
H.R.W. # 4 3€6.67 |
H.R.W. # 3 35.50
H.R.W. # 1 35,41 '

H.R.W. # 2 33.50

¥ Lines Jjoin

difference in mean lower than L.S.D.
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Table 14 - Ordered array of means for H.R.W,
¥arina yield

Classes X L.S.D
H.RW. # 5 44,88 0.925
H.R.W. # 4 43,78
H.R.W.e # 3 42,33
H.R.W, # 2 #7455
H.R.W. # 1 3613

Table 15 -Ordered array of means for H,.R.W.
flour yields

Clasgses X L.5.D.
H.R.W., # 2 33.00 1.37
H.RE.W. # 1 30.97
H.R.W., # 3 27.77
H.R.W. # &4 26.77 |
H.R.W. # 5 25.73 I

* Lines join differences in mean lower than L.S,D.
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Spaghettl processing results and discussion:

A mentioned eariier, the six samples milled from each type of wheat
were blended together in a laboratory blender. Since the mixing of z granu-
lar type of substance is seldom perfect, a sample from each blend was taken
and analyzed for moisture, protein, ash, and pigment content. Beside these
analyses, a speck count, a granulation test and a color evaluation were pef-
ormed, The results of these tests are shown in table 16,

Except for the protein content of hard amber durum which was higher
than the average, the other results were in general very similar to the
previous one,

Yellow pigment content of the samples seemed to be in agreement
with the color score ; samples having the highest pigment content scoring
the best. Also, 1t must be pointed out that for hard red winter farina,
yellow pigment content increased with the D.H.V, count. H.R.W, (1) and (2)
corresponding to the former subclass "Yellow Hard Winter Wheat" had the
lowest pigment content. H.R.W. (3) and (4) corresponding to the former sub-
class "Hard Winter Wheat" had higher pigment content., H.R.W. (5) correspord-
ing to the former subclass "Dark Hard Winter Wheat" had the highest pigment

content,

Spaghettl was processed in duplicate from each blend, Water absorp-
tions and mixing times are given in table 17. The quality of spaghettl was
assessed in terms of cooklng wéight, cooking losses and firmness both at
optimum cooking time and after overcooking., Spaghetti color was also measur-
ed, The results of these tests are shown in table 18, (See appendices for
test results),

Color : Color evaluation results were expressed as percent bright-

ness (1%0,Hyercggtwyellgwngssm(y%? and color score. Spaghetti made from
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hard amber durum and durum had the best color score., For spaghetil made from
the different types of hard red winter whests, sample (5) was rated the sams
as sample (4) but had higher brightness value. Samples (1), (2) and (3) had
the poorest color score, This seems to be in accord with the D,H.V, count,
with spaghetti made from H.R.W, having the highest D.H.V., count ylelding the
best color score. Also, it must be polnted out that all the spaghettl sam-
ples were somewhat duller and mnreubrownisﬁwthﬁn_the commercial samples.
This migéfuye caused by the relatively high speck count (Plate III). The re-
sults of which were expressed in lower brightness values and overall color
scores (55)-

Gooking weight : Analysis of variance {(table 19) showed that the

mean results were different at the 0.05 level of significance., For that, the
L.S5.D. tests were performed (tables 20, 21). These tests showed that at op-

made from the two durum subclasses, However, spaghetti made from durum sub-
classes were significantly different from spaghetti made from H.R.W. samples.
Iq_gther words, spaghettl made from the ¥wo durum subclasses absorbed about
the same amount of water but significantly more than spaghettl made from the
different H,R.W. wheats. Furthermore, spaghetti made from H.R.W. (2), (&),
and (5) had the lowest amount of swelling, when compared tc the rest of the
H.R.W, samples (Plate IV),

After overcocking, spaghetti made from H,R.W, (1), (2), (3) and (4)

shpwedrthg highest amount of swelling, meaning that they were the most sus~

durum but significantly better than the other H.R.W. spighetti samples.

Cooking losses: Analysis of variance for the mean results (table 19)

showed that the data were different at optimum cocking time ard after over-
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cooking., The L.S.D, tests (tables 22, 22) indicated the same type of trend.
Spaghetti made from the two durum subclasses had the lowest losses, follo-
wed by H,R.W, (5). Spaghettl processed from the remaining H.,R.W, farina
had the highest losses.

Firmness: Analysis of variance for the mean results (table 19) also
showed that the data were differsnt both at optimum cooking time and after

overcooking. The L.S,D, tests (tables 24, 25) indicated a somewhat diff-
erent trend than for the two previous tests., at optimum cooking time, spa-
ghettl made from H.R.W.(5) was firmer than spaghetti made from the two dur-

(1) and (2) spaghetti. Spaghetti made from H.R.W. (3) and (4) had the lowest
firmness values,

After overcooking, H,R,W. (1) scored as good as hard amber durum
spaghetti, followed by H.R.W. (4) and (5), and durum, Spaghetti made from
H.-R.H, (2) and (3) were the least firm,

To sum up, as.far as cooking qualities are conserned, spaghetti made
from hard amber durum and durum had the best overall quality. Spaghetti made
from H.R.W, (5) was the best of the hard wheats. Spaghetti made from H.R.W,
(2) was the poorest. The remaining of the hard red winter wheat samples ylel-
pointed out that the firmness values were somewhat hard to discuss. It seems
that beside the D.H.V. count, protein quantity and quality, and gluten qua-
lity among other other things have an impact on spaghetti quality. The D.H.V,
count could not explain all that happens in such a complex food system,

SipFe spaghetti made from H.R.W, (5) was cons;dere§_to be the best of
the hard wheat samples, a batch of H.R.W. (5) farina was processed with F.D,

% C, yellow # 5 - 89% pure at a concentration of 62 X 10~ mg/ml, of added
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_water, At this concentratlion, the color ¢f the spaghettl seemed to be quite
similar to the durum spaghetii color (plate III)_. Furthermore, upon cooking
most of the coloring agent was washed cut of the product by the cooking wa-

ter, and the cookad spaghetti locked as white as the non colored samples.,
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Table 20 - Ordered array of means for cocking weight

at optimum cooking time.

Classes X L.8,D,
Durum 33.6 0.552
H,A.Durum 33.2 I
H.RW, # 1 20.7
H.R.W. # 3 2005 '

H.R.W., # &4 2G.9
H.R.W, # 5 29.6
H.R.W. # 2 29.5
Table 21 -Ordered array of means for cooking weight
after cvercocking

Classes X L.S.D,
H.R.W. # 1 8.0 0.558
H.R.W, # 4 38.0
H.R.W. # 2 37.8
H.R.W. # 3 37.7
HeR.We # 5 3741
Durrum. Z6.4
H.A . .Durum 36.1

* Lines join differsnce between means lower than L.S.D.
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Table 22 Ordered array of means for cocking losses

at optimun cocking time.

Classes % L.3.D.
H.R.W., # 2 T+5 0.417
H.R.W. # 1 7.0
H,R.W. # 3 6.9 l
H.R.W., # 4 645 l
H.R.W, # 5 6.3
Duran 6.1
H.A.Durum 5.5

Table 23 — Ordered array of means for cooking losses
after overcooking.

Claasges X L.S.D.
H.R.W. # 4 13.2 0.688
H.R.W, # 2 12.7 l
H.RJWe # 3 11.8
H.R.W, # 5 11.2 |
H.R.W. # 1 10.6 I
Durum 9.3
H.A,Durum 9.0 l

* Lines join difference between mean lower than L.S.D.
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Table 24 - Ordered array of means for firmmess at

cptimum cooking time.

Claases X L.S.D.
H.R.W. # 5 210 4,424
H,A.Durum 192 ’

Durum 186

H.R.W. # 1 184

H.R.W. # 2 183

H.R.W. # b 178

H.R.W. # 3 170

Table 25 = Ordered array of means for firmness
after overcocking
Classes X L.5.D.

H.R.W. # 1 149 ‘ 4.578
H.A,Durum 148

H.R.W. # 4 142

H.RW# 5 139

Durum 138

H.R.W. # 2 130

H.R.W. # 3 128 I

* Lines join difference between means lower than L.S3.D.
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EXPLANATION OF PLATE IV

Fhotograph of the cooked spaghetti made from the different
kinds of semolina and farina at optimum cooking tire,

Commercial spaghettl

Hard amber durum spaghetti
Durum spaghettl

H.,R.¥. # 1 spaghetti
H,R.W., # 2 spaghetti
H.R.YW, # 3 spaghetti
H.R.W, # 4 spaghetti
H.R.W., # 5 spaghetti

B wa ws s w= ev un se

O~3 OV UL =
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Short extraction and svacghetti qualiiy assessment

Since our primary purpose was to optimize the ylelds, farina and
semolina samples were speckler than the recommanded norms. For that, we fur-
ther purified these samples using the KICE aspirator. The machine also remov-
ed the finest fractions and the flour, 20 percent of the initial product
welght was removed this way. The previous farina and semolina yields were
corrected on the basis of the amount of product recovered and called short
extractions,

In addition, a sample of hard red winter wheat - "Eagle" variety-,

a sample of hard white winter wheat, a sample of soft red winter wheat, and
a sample of soft white wheat -"Galnes" varlety- were analyzed fcr molsture,
protein and ash. The results of these analyses are shown in table 26, The
D,H.V, count was also determined (plates V, VI, VII, and VIII).

The wheats were then tempered and milled according to the proiedurs
previously described, and passed through the KICE aspirator, Semolina and
farina cclor, speck count, molsture, protein, and ash were also determined
for all the samples. The results of these analyses are given in table 27,

A batch of spaghettl was then processed from each semolina and farina
sample, Durum semolina and H.R,W. farina were processed using the previous
absorptions and mixing times. The four other farina samples were proces-
sed at 33 percent absorption using the same mixing time - 2 % minutes at low
speed followed by 1 % mirute at medium speed-,

The color of the different spaghetti samples was then assessed (ta-
ble 27), Spaghettl processed from the four latest wheat samples were also
cooked and their cooking qualities assessed both at optimum cooking time
and after 10 minutes overcocking. The resulis are shown in table 28,

After purification, semolina and farina speck count and ash wexe
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drastically lowered for all the samples. However, the colqr scores were not
affected by the purification because branny pa;ticles flﬁorescg in the green
spectrum but do not show up in the blue spectrum. o |

Spaghetti color also showed an overall improvement in the visual
appearance and color scores due mainly to higher yellowness values (plate
IX)., The visual appearance of the cooked product also improved. After cooking
the product was whiter and had less specks (table X)

Both soft wheats had a poor farina yleld. This was somewhat expec~-
ted since thelr D,H.,V. count was relatively low. The farina color scores
were also low, However, farina produced from soft red winter wheat had a
somewhat higher color score. Hard white winter wheat yielded as much farina
as H.R.W, (2) but had lower yellow color, Hard red winter wheat "Eagle" pro-
duced about the same amount of farina as H.R.W. (3) . With a somewhat simi-
lar color score, So at similar D,H.V, count levels both farina yield and
color were comparable. White wheats, being less pigmented, produced a whitex
farina. However, these results should be considered with caution since

The same type of trend could be observed for spaghettl color. Spa-
ghettl made from both white wheats were whiter than the spaghetti made from
the different types of hard red winter wheats, whose color scores where so-
mewhat similar (Plate IX).

As far as cooking qualities, spaghetti made from both soft wheats
had a lower cooking time when compared to spaghetti made from H.,R.W. wheats,
At optimtm cooking time, the cooking qualities of the four different spa-
ghettl samples were very similar. However, spaghetti made from soft white
wheat had the highest cooking losses and the lowest firmness values, After

overcooking, the quality of spaghetti made from soft wheats deteriorated,
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They became sticky, had a high percentage of 1§sses, and were the lszst firm,
The low protein content of both soft wheats might have been one.of the rea-
sons for such a susceptibility of these spaghetti to overcooking. Spaghet-
ti made from H,R.W, "Eagle" and hard white wheat were somewhat similar in

quality to spaghetti made from the other H,R,W. samples,



Table 26— Wheats analyses

Wheats % D.H.V. M.C. Pn * Ash *
Hard Red Winter "Eagle" 5h 1.2 12.7 1.45
Hard White Winter 24 17 11:2 1.56
Soft Red Winter 16 1.6 10,9 1,65
Soft White "Gaines" 14 8.7 10.5 1.51

* 14 4 woisture basis.

9
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EXPLANATION OF PLATE V

Transecticn of hard red winter "Eagle' kernels.
White endosperm : Chalky
Darl erdosperm ¢ Yitreous
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EXPLANATION OF PLATE VI

Transection of hard white winter wheat kernel

White endospern
Dark endospern

[3
H
.
*

Chzlky
Vitraous

5
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EXPLANATION OF PLATE VII

Transection of soft red winter wheat kernels,
White endosperm : Chalky
Dark endespern i Vitreous
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BEPLARATION OF PLATE VIII

Transection of soft white wheat "Gaines" kernels.
White endosnaxm 3 Chzlky

Daxk erdospern : Viireous



75 % VITREOUS | 100 % VITREOUS
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SUMMARY AND CONCLUSIONS

From this study, it has been obssrved that the dark hard and vitre-
cus count as determined by our method, seemed to have a significant impact
both on the farina yleld and spaghetti quality of hard red winter wheats.

First of all, as the dark hard and vitreous count was increased,
farina yield improved linearly ; with the sample having the highest dark
hard and vitreous count ylelding almost as mush farina as the durum subclass.
Alsc farina color improved and flocur yield decreased hoth linearly as the
dark hard and vitreous count was inéreased. However, as it was pointed out
earlier, these results might not be totally reliable since the dark hard
and vitreous count was not increased in regular increment, but rather to
accomcdate the former hard red winter wheat subclasses. Wheat grades and
protein content did not seem to have a great impact on the farina yield.

Second, as far as spaghetti quality, the same type of trend has been
observed, As the dark hard and vitreous count increased, spaghetti color
impwoved. The ccoking qualities of the spaghettl also seemed to get bet-
ter, Spaghettl processed from hard red winter farina having the highest dark
hard and vitreous count had the best color score and cooking quality., How-
evar, this improvement was not quite as remarkable as the improvement obs-
erved  for the milling yield, since the best of the hard red winter spaghet+i
samples were significantly lower in guality than spaghetti processed from
durum subclass. Also it must be pointed out that the firmness results wers
quiterconﬁroyersial, with some hard red winter spaghetti samples scoring
better tham durum, Besides, there was no defini¥te relationship between farina
protein content and spaghetti quality, Consequently, it seems that beside
the dark hgrdrand_vitreous count, a whole set of other factors have an im-

pact on the spaghetti quality. One parameter could not explain all that



happens in such a complex food systen.
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The objective of this study was to find out the influence of the
dark hard and vitreous (D.H.V.,) count on the farina yield and the spaghetti
quality of hard red winter wheat. Two subclasses of durum were utllized
as standard of comparison.

To do so, in the first step a method was devised to evaluate ths
dark hard and vitreous count, After slicing the wheat kernels, we visually
assessed the percentage of vitreousness for each kernel. On this basis,
kernels were classified as 0 %, 25 %, 50 %, 75 %, and 100 % vitreous, 50 %
vitreous was considered as an arbitrary cut off point between starchy and
vitreous endosperm,

On this basis, five different samples of hard rad winter wheat
were selected to accomodate the former hard red winter wheat subclasses,
The first two samples had a low D,H.V, count corresponding to the former
subclass "Yellow Hard Winter Wheat". The following two samples had an int-
ermediate D.H.V, count corresponding to the former subclass "Hard Winter
Wheat", One of each set of samples had a low protein content, The other had
a protein content as high as the durum wheat sample, The fifth sample had
a high D.H.V., count corresponding to the former subelass "Dark Hard Winter
Wheat", and a high protein content. Two durum wheat samples corresponding
to subclasses "Hard Amber Durum Wheat" and "Durum wheat" were also selec-

ted.,
The different wheats were cleaned and analyzed prior to experiment-

ation - then tempered and milled in the same manner. Six duplicates were
run for each type of wheat, Proteln, moisture, ash, color, speck count,
and granulation were determined for semolina and farina, For the flour,
protein, moisture, ash, and wet gluten tests were also performed before

discarding the sample.



The six batches previously milled were them blended, and spaghetti
was processed in duplicate from each semolina and farina mix, The quality
of spaghettl was svaluated in terms of color, cooking weight, cooking losses,
and firmness both at optimum cooking time and after overcooking.

Findings from the results indicated : (1) at comparable extrac-
tions rates, as the D.H.V., count was increased farina yield improved linea-
rly ; with the sample having the highest D,H.V. count ylelding almost as
much farina as the durum subclass, Farina color also improved and flour
yleld decreased both linearly as the D,H.V. count was increased. ﬁheat
grades and protein content did not seem to have any influence on fazrina
yield, (2) Spaghetti color and cooking qualities also improved as the D.H.V,
count increased. Spaghetti processed from hard red winter farina having the
highest D.H.V, count had the best overall quality. However,this improvement
was not quite as remarkable as the improvement observed for the milling
vields ; since the best hard red winter spaghetti had a significantly lower
quality than durum spaghetti. Also, there was no definite relationship betw-
een farina protein content and spaghetti quality. (3) After purification
semolina and farina speck count and ash were considerably reduced; The vis-~
ual -appearance and the color score of the different spaghetti samples also
imprcved, (%) Spaghetti made from white wheats were somewhat less yellow.
(5) At optimum cooking time, the cooking gqualities of spaghettl made from
soft wheats were quite comparable to spaghetti made from hard wheats, How-

ever, they were the most susceptible to disintegration after overcooking.





