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the maximum and minimum sizes be noted, but also the commonest
(not the average) size.

The Hilum or organic center of the grain is conspicuous in some
grains (maize, legumes), hardly noticeable in others (wheat, rye, and
barley). It may be isodiametric (in most cases a mere point, in maize,
however, of considerable size) or else strongly elongated, appearing like
a narrow cleft (legumes).

Of great importance is its position, which may be central or nearly
so (cereals, cassava), or else excentric, (potato, Bermuda arrowroot,
turmeric, canna). The rings of the grain are circular or excentric,
according to the location of the hilum about which they are arranged.

Polarized light is of great value in locating the position of the hilum,
since the dark crosses which appear on the bright grains with crossed
Nicol prisms, intersect at that point (Fig. 572). In grains with central

Fic, 572. Starch Grains viewed with Polarized Light. T potato, IT curcuma, II]
wheat; IV bean. X 3zoo, (WintoNn.)

hilum, the dark lines intersect at the center, forming X-shaped crosses.

In grains with excentric hilum they often intersect so near one end

that they appear to be V-shaped. The crosses in leguminous grains

(if they can be so termed) are the shape of two Y’s, united thus : I

Since the hilum contains more water than other parts of the grain,
clefts appear on drying, which in the cereals radiate from the center,
in legumes form branches on both sides of the elongated hilum, and in
Bermuda arrowroot form double curves resembling the wings of a soar-
ing bird.
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The Rings vary greatly in distinctness. They are best seen with
oblique illuminaticn, and may be rendered more distinct by treatment
with dilute chromic acid, as recommended by Weiss and Wiesner, or
by heating the dry starch. They are not evident in wheat, rye, or barley
starch except under favorable conditions.

As has been stated, they are circular or excentric according to the
location of the hilum. Some authorities regard these rings as due to
differences in water content of alternate layers, the hilum containing
the highest percentage.

The Crystalline Structure of starch grains is shown by their deport-
ment with polarized light. Viewed with crossed Nicol prisms, the
grains form in the dark field luminous objects with more or less distinct
crosses. These crosses are very distinct in some varicties (canna, potato,
maize), indistinct in others (wheat, rye, barley).

If the selenite plate is added to the polarizing apparatus, a beautiful
play of colors is obtained in many varieties.

Various theories have been advanced as to the erystalline structure
of the grains, but at present they are regarded as double refractive sphzro-
crystals or spharocrystalloids.

Certain Enzymes, particularly those of sprouting grain, act slowly
on starch grains, the partially dissolved grains showing very distinct
rings and branching grooves resembling the burrows of insects (Fig. 30).

Heating, whether dry as in the manufacture of dextrine and the roast-
ing of seeds for coffee substitutes, or wet as in the baking of bread, causes
the grains to swell and assume greatly distorted forms. Notwithstanding
this distortion, a considerable number of the grains usually preserve
enough of their characteristics to permit of identification (Fig. 31).

Commerical Starch. Wiesner describes twenty distinet starches
which are made on a commercial scale, but at least half of these are
of only local importance.

Wheat and potato starch are mostly made on the Continent; rice
starch in England; curcuma and sago starch in the East Indies; Ber-
muda arrowroot in the West Indies and other warm regions; cassava
starch in Brazil and other tropical countries; canna starch in Australia;
and maize starch in the United States.

Process of Manufacture. Starch differs from flour in that it is a product
of clutriation rather than of milling, and consists almost entirely of one
chemical substance, whereas flour contains proteids, fat, cellular matter
and ash constituents as well as starch.
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The processes employed for making different kinds of starch and in
different factories for making the same kind of starch differ in details,
but are in general principle the same. The starchy material is reduced
to a pulp or powder, with or without previous soaking in water, and the
starch washed out from the tissues on sieves. After settling the super-
natant liquid is poured off and the residue is further purified by washing,
and is finally dried.

In making wheat starch either the whole grain is subjected to a fer-
mentation process, thus forming acetic, lactic and other organic acids
in which the gluten is soluble, or else wheat flour is made ‘into a dough
and the starch is washed away from the gluten on sieves.

Agitation with dilute alkali is often employed in purifying starch,
the nitrogenous substances and some other impurities being soluble
in alkaline solutions. Thorough washing of the starch after this treat-
ment is cssential, otherwise the finished product is liable to have a slight
alkaline reaction which unfits it for certain uses.

Uses. Starch is used in preparing various articles of food, especially
puddings and confectionery, also as an ingredient of baking-powders.
Enormous quantities are used in the manufacture of glucose and alcoholic
liquors, It is a common adulterant of wheat flour, chocolate, cocoa,
spices, jellies, and other foods.

Starch is also employed in medicine, as a cosmetic, and still more
extensively for laundry purposes and in the arts.  Starch paste is a product
of no little commercial importance.

Microscopic Examination. The technique of preparing starch for
examination is exceedingly simple, and consists merely in mounting in a
drop of water or other medium, taking care not to use too much of the
material.  Oblique illumination aids in making the rings distinct. The
shape and size of the grains, the form and position of the hilum and rings,
and the presence or absence of aggregates should all be carefully noted.
The micropolariscope is of no little assistance not only in locating the
hilum, but in differentiating strongly and feebly active starches.

Moeller’s Analytical Key to Commercial Starches.

A. All or most of the grains rounded, not from aggregates.
(a} Large grains, rounded, with central hilum; small grains globular or angular,
1. Large grains, mostly 28—qo pt. .. ........ ..., Wheat.
(b) Large grains of various shapes (never lenticular), with excentric hilum.
* Many grains over 7o ¢t long.
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2. Grains under roo t, mostly oyster-shell shaped; hilum in the narrow,
pointed end; here and there aggregates and grains with two

hilums. ..... el R Al T B S e AR o e e e Potato.
3. Many grains over 1oo ft, broadly elliptical with a blunt point; hilum
* in the peinted end:i:iicoqeiuaiiiias, S, ST Canna.

¥ Few grains over 70 s, much clongated.
+Many grains over 5o #; rings distinct.
4. Grains with pointed end, uniform in size (50-60 p), flattened (seen
on edge narrow); hilum in pointed end............., Curcuma,
5. Grains not pointed; hilum in the narrow but rounded end. . .. .. Yam.
6. Grains not pointed; hilum in broad, seldom in narrow end. . Banana.
+ +Grains always under 5o p, ovate or pear-shaped, not flattened or only

slightly.
7. Grains nearly uniform in size (40 #); hilum central or in the broad
g TR RIC T A W e e Maranta.
8. Large grains 25-40 #, club-shaped; hilum in narrow rounded end;
cleffs-Rbsend. L S Iy S A O NS et Erythronium.

+ + + Grains under 20 ¢, mostly pear-shaped, seldom in aggregates; hilum
and rings indistinct or lacking.
9. Similar to sago, but grains smaller and without rings. Horse-chestnut,
10. Many rounded angulargrains. .- . oo i aml e niciaa Chestnut.
B. Grains polygonal or rounded, with one or more facets (mostly from aggregates).
(a) Grains mostly polygonal; hilum central,

11. Grains very small (mostly 6 #), sharply angular.............. Rice.
12. Large grains (often 2o p), polygonal or rounded; hilum with clefts.
Maize.

() Grains mostly kettle-drum-shaped (from twins) or with two facets (from
aggregates of three).
#* Aggregates of one large and two or more small grains.
13. Large grains, often with two separated (not adjacent) facets; hilum
(5,0 1111 | s R ot U B, 7 £ TR o Sago.
¥ Ageregates of equal-sized grains,
14. Grains kettle-drum-shaped, seldom over 2o p; hilum central; rings

T LT ¥ b T e R o U i A o o Cassava.

15. Grains sugar-loaf-shaped, often up to go p; hilum excentric; rings

o1 31T SO IO S M R N o' a o, ) Sweet potato.
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MAIZE STARCH.,

By far the larger part of the starch used in the United States is made
from maize or Indian corn (Zea Mays). Maize starch is also coming
into use in Europe.

In manufacturing this product either the whole grain is ground with
water and the milky liquid separated from the cellular matter on sieves
or the germs and bran are first separated mechanically, and only the
starchy endosperm is treated with water to remove the starch. The
starch is allowed to settle from the milky liquid and is washed several
times by decantation. In some factories it is agitated with very dilute
caustic soda, sulphurous acid or other chemicals, to remove nitrogenous
constituents, traces of fat and other impurities,

Commercial starch, glucose, dextrines and other starch products
are frequently made in the same factory, the process of separation of
the starch from the grain being the same whatever the final product.

Maize starch as found on the market is either in coarse granules or
a fine powder. The so-called “cornstarch” used in making confec-
tionery and deserts is purified maize starch in powder form.

Adulteration with potato, cassava, and other starches is occasionally
practiced.

Microscopic Characters (Fig. 573). Maize starch is the only commer-
cial variety with polygonal grains over 15 g in diameter. Sorghum starch

Fic, 573 Maize Starch, X 30e. (MOELLER.)

is hardly distinguishable from maize starch, but is not as yet prepared
on a commercial scale.

Aggregates.  Several polygonal or irregularly rounded grains are
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often united, but round or oval aggregates, such as are characteristic
of rice and oat starch, are not present.

Forms.  The grains from the horny endosperm are sharply polygonal
and stand out in bold relief. In the floury part of the kernel the grains
are irregularly globular.

Size. Both forms of grains range up to 30 g in diameter, most of
them being over 15 . Small grains occur in limited numbers.

The Hilwm is central and usually very distinct. Radiating clefts are
present in many of the grains.

Rings are not evident.

Polarization Crosses. The grains are very brilliant with distinet
crosses, but display no marked play of colors with the selenite plate.

RICE STARCH.

Rice starch is the most important starch in England, where it is made
in large quantities from Indian paddy. It is also manufactured on the
Continent, but not to such an extent as wheat and potato starch.

Although rice (Oryza sativa) contains a larger percentage of starch
than any of the other common cereals, this starch, like that of the horny
endosperm of maize, cannot be separated mechanically until the pro-
teid matter is removed. This is accomplished commonly by soaking
with very diulte alkali both before and after grinding, less often by
treatment with sodium carbonate, hydrochloric acid or other chemicals,
or by fermentation.

The commercial product is of a pure white or yellowish color, accord-
ing to its purity, and is either in lumps or in powder form. It is used in
England chiefly for laundry purposes, as a cosmetic, and in the arts, other
kinds being generally preferred for culinary purposes.

Microscopic Characters (Fig, 574). The small polygonal grains dis-
tinguish this starch from the other common commercial varieties.

Aggregates, consisting of from two to upwards of a hundred grains,
occur in great numbers in the kernel, but are largely disintegrated in the
process of manufacture.

Forms. As the grains exist in the kernel chiefly in aggregates the
isolated individuals are either polygonal (from the interior of aggregates)
or else are rounded on some sides and flattened on others (from the sur-
face of aggregates). Sharply polygonal grains predominate; spindle-
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shaped forms such as occur in oat starch, or perfectly round grains, are

seldom present.

Fia, 574. Rice Starch. > 3o0. (MoOELLER.)

Size. The grains are 2—10 g in diameter, but seldom reach the latter
size.

The Hilum is central but is not always evident.

Rings are not evident.

Polarization Crosses. The grains are brilliant with distinct crosses.
No play of color is evident with the selenite plate.

WHEAT STARCH,

On the Continent wheat and potatoes are the chief raw materials
for the manufacture of starch. Wheat starch is made usually from com-
mon wheat (7Triticum sativum vulgare), although, according to Wiesner,
spelt (T'. sal. spelta) yields an especially fine product, and English wheat
(T. sat. turgidum) gives a larger yield than common wheat. Macaroni
wheat, because of its horny structure and high content of gluten, is entirely
unsuited for starch manufacture, and other varieties and spuu , although
occasionally employed, are of minor importance.

The oldest process of separating the starch is to soak the whole or
coarsely ground grain in water until soft, crush between rollers and
remove the starch by water. The product obtained by this process has
a gray color and contains more or less gluten. A purer product is obtained
by subjecting the starchy liquid to a fermentation process, which generates
organic acids in which the gluten is soluble. The Martin process con-
sists in making flour into a dough and washing out the starch on sieves
with continual kneading. The gluten obtained as a by-product in this
process is valuable as a cattle food and for various technical purposes.
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m ’ ‘ ” TR he arl-e 211 . ac .
The starch appears on the market either as lumps, angular granules,
or a hne lnr\\\'ilt‘l'.

Microscopic Characters (Fig. 575). The large lenticular grains char-
acterize this starch.

Fi16. 555. Wheat Starch. X 300, (MOELLER.)

Aggregates. The large grains are never united, the small grains only
rarely.

Forms. The large grains are lenticular, more or less regularly cir-
cular in outline. I mounted in considerable water and drawn across
the field by means of a piece of filter-paper they appear alternately cir-
cular and elliptical, according as they rest on their sides or their edges.

The small grains are usually globular, less often polygonal.

Size. The large grains are commonly 28-40 1 in diameter, but in
rare instances reach so p. The small grains are seldom over 6 p in
diameter.

The Hilum is central, appearing usually as a mere dot. Clefts are
rare.

The Rings are indistinct.

Polarization Crosses. The large grains are fechly illuminated and
show indistinct crosses. No play of colors is evident with the selenite

]n];lll.‘.

BUCKWHEAT STARCH.

Common buckwheat (Fagopyrum esculentum) is used by certain
English manufacturers for making starch, although as yet the product

is not of considerable commercial importance.
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Microscopic Characters (Fig. 576). Although this starch is similar to
rice starch, the rod-shaped aggregates furnish a means of distinction.

Fic, 576. Buckwheat Starch. X 3joo. (MoOELLER.)

Rod-shaped Aggregates, consisting of several grains but with no evi-
dent lines of demarcation, are highly characteristic. They are irregula:
in shape and have numerous constrictions.

Forms. Polygonal, or rounded polygonal.

Size. The diameters range from less than 2 ¢ to over 15 », but are
commonly 6-12 p.

The Hilum is (onspicuous.

Rings are not evident even after treatment with chromic acid.

Polarization Crosses. These are distinct but not striking.

LEGUMINOUS STARCHES.

Starch is occasionally made from beans, peas, and other legumes,
although seldom on a commercial scale.
Microscopic Characters (Fig. 577). Leguminous starches are mostly of

F1G. 577. Lentl Starch, X 3oo, (Mogrrwn:

the same type, although differing somewhat in form and size. The ellip-
soidal grains with clongated hilum are highly characteristic.

Aggregales are rare.
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Forms. Ellipsoidal grains predominate, although reniform, trefoil-
shaped and various irregular forms are not uncommon.

Size. In some specics the length of the grain reaches 1oo g, but in
most of the common species is about 50 .

Hilum. The elongated hilum, often with branching clefts, is char-
acteristic.  In some grains the hilum and branches being filled with
air appear black; in other grains both are indistinct.

Rings distinct.

Polarization Crosses, because of the elongated hilum, are shaped thus: ¥

CHESTNUT STARCH.

In southern Europe the chestnut (Castanea sativa Mill.) is used
for the preparation of both flour and starch. Vogl states that chestnut
starch is often described as horse-chestnut starch.

Microscopic Characters (Fig. 578). The large grains of curious
shapes characterize this starch.

Fic. 578. Chestnut Starch. (MOELLER.)

Aggregates of two or three grains occur here and there, but are not
abundant.

Forms. The grains are ellipsoidal, pear-shaped, kidney-shaped,
heart-shaped, etc. They are often quite sharp-pointed.

Size. The large grains are 15-30 ¢ long, the small grains 1-3 p

Intermediate forms are rare.
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Hifum. This is sometimes round, somet'mes elongated, forming a
cleft much as in leguminous starches.

Rings are indistinct or wanting.

Polarization Crosses are distinct but not striking. With the selenite
plate a dull play of colors is evident.

HORSE-CHESTNUT STARCH.

In France a starch is made from the horse-chestnut (Aesculus Hippo-
castanum L., order Sapindacee), which, although unfit for food because
of its bitter taste, is useful in the arts. According to Vogl it is gray-
white, whereas chestnut starch is pure white.

Microscopic Characters (Fig. 579). Ispecially noticeable are the
grotesque shapes.

Fic. 579. Horsechestnut Starch. X 3co. (MoELLER.)

Aggregales. Quite often two or more grains are united to form irregu-
larly shaped aggregates. Suppantschitsch (see Wiesner) rightly notes
that the individuals of these aggregates are so closely consolidated that
they can be distinguished only by the aid of the polariscope.

Forms. Among the grains are numerous pear-shaped reniform, and
irregularly swollen forms.

Size. The large grains are mostly 20-30 p long, but occasionally
reach 40 . The small grains are often scarcely measurable.

Hilum. This is distinct and is situated at the broader end. A longi-
tudinal cleft passing through the hilum is sometimes present.

Rings are indistinct.

Polarization Crosses arc distinct in the large grains. A play of colors

is obtained with the selenite plate.
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BEAN-TREE STARCH.

The seed of Castanospermum Australe Cunn. are used to some extent
in New South Wales for the production of starch.

Microscopic Characters. The following description is on Wiesner’s
authority:

Aggregates. Most of the grains are in aggregates, the number of
grains thus united being usually 2-s, less often up to 15.

Forms. Truncated forms from aggregates similar to those of cassava
starch predominate. Round grains occur rarely.

Size. The individuals are 2.7-17 g, but most of them are s-12 p

The Hilum is distinct.

Rings are not evident even after treatment with chromic acid.

BANANA STARCH.

The banana, plantain, and other fruits of the genus Musa are remark-
able for the large amount of starch stored up in the green pericarp. This
is usually regarded as reserve material, but its function is quite different
from that of starch stored up in seeds, as it is not utilized by the young
plantlet, but like the starch of most green fruits is gradually converted

Fiz. <80. Banana Starch. X goo. (MOELLER.)

into sugars during ripening, and in this form is either moved back into
the tree, or is lost by fermentation and rotting. Its function is more
nearly that of transitory starch.

The green fruit used for starch-making is grown chiefly in tropical
regions of America, particularly in Guiana.

According to Wiesner only the flour is made in the regions of produc-
tion, the starch being separated from the flour in European factories.



BREAD-FRUIT STARCH. POTATO STARCH. 659

The Microscopic Characters (Fig. 580) resemble those of subterranean
starches. In addition to the starch grains Vogl finds raphides.

Aggregates. Tschirch and Oesterle call attention to the sickle-shaped
forms, consisting of two large grains united end to end.

Forms. Fusiform, cigar-shaped, ovoid, rod-shaped, and other elongated
forms are very striking.

Size. Most of the grains are 20-40 p long; some few however reach
75 K

The Hilum is usually situated in the broader end.

The Rings are very distinct.

Polarization Crosses. Distinct crosses are seen with crossed Nicols
and a play of colors with the selenite plate.

BREAD-FRUIT STARCH,

The bread-fruit tree (Artocarpus incisa L., order Artocarpee) yields
a fruit from which starch has been made in small quantities in South
America, Réunion, and other tropical regions.

The Microscopic Characters, according to Wiesner, are as follows:

Aggregates. All of the grains are in aggregates of from 2—-20 members.

Forms. Polygonal grains predominate.

Size. 2.5-13 p, usually about 7 p.

Hilum and Rings are lacking.

Polarization Crosses, although never sharp, may be seen with high
DPOWET.

POTATO STARCH.

The potato (Selanwm tuberosum L.) is one of the most valuable sources
of commercial starch, although the product is not much used as food,
but is chiefly employed in the manufacture of paper and fabrics, for con-
version into dextrine and glucose, and for other technical purposes. It is
made chiefly on the Continent. In the United States it formerly was an
important product, but of late years has been largely replaced by maize
starch. The process of manufacture is quite simple. The thoroughly
cleaned tubers are ground or grated, the pulp is washed on sieves, and
the starch is allowed to settle from the milky liquid.

The commercial product is in lumps, irregular prisms, or a fine powder.
The grains are so large as to be visible to the naked eye.
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Microscopic Characters (Fig. 581). This starch is recognized by the
large, oyster-shell-like grains, each with the hilum in the small end.

FiG. 581. Potato Starch, X 3oo. (MoELLER.)

Aggregates are rare but curious. They are either true aggregates,
usually twins or triplets, or compound grains consisting of two individuals,
each with its own hilum and rings, encircled by layers common to both.

Forms. The large grains remind us of oyster-shells. Egg-shaped,
pear-shaped, and broadly spindle-shaped forms are common. The
small grains are nearly round.

Size. The large grains range up to 100 p in length, most of them
being about 70 g The small grains are but a few micromillimeters in
diameter.

The Hilum is in the small end, the excentricity being 4-3.

The Rings are very distinct and are evident without special illumination.

Polarization Crosses are very distinct. With the selenite plate a fine

play of colors is obtained.

MARANTA STARCH (WEST INDIA ARROWROOT),

The starch obtained from the rhizome of Maranta arundinacea L.
(order Maraniacee) and other species of the same genus originally had
the undisputed claim to the term * arrowroot,” but more recently other
tropical starches, particularly those made from roots and rhizomes, have
been designated by the same term. Maranta starch is now variously
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known in commerce as West India, Jamaica, Bermuda, St. Vincent, and
Natal arrowroot.

The process of manufacture is essentially the same as is used for
making potato starch,—in fact all the varieties of starch made from tubers,
rhizomes, and roots are obtained in much the same manner.

West India arrowroot is highly prized for making various dietetic
preparations.

Microscopic Characters (Fig, 582). The grains resemble those of
potato starch, but are distinguished by their somewhat smaller size, the

Fic. 582, Maranta Starch. X 300. (MOELLER.)

location of the hilum in the broad end and the wing-like fissures through
the hilum.

Aggregates are rare or absent

Forms. Ovoid, pear-shaped, and broadly spindle-shaped grains pre-
dominate.

Size. The large grains are mostly 30-50 p long, but occasionally
reach 75 p.

The Hilum is in the broad end and is usually marked by fissures
which either form crosses or more commonly extend in two curves resem-
bling the wings of a soaring bird.

The Rings, although distinct, are not so prominent as in potato starch.

The Polarization Crosses and the play of colors with the selenite plate
are very striking,
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CURCUMA STARCH (EAST INDIA ARROWROOT).

East India, curcuma, or Travencore starch, also known as Tik. Tikor,
and Tikur flour, is obtained from the rhizomes of several species of ('Arr-l
cuma (order Zingiberacee), notably, C. angustijolia Rxh., C. Leucorrhiza
Rxb., and C. rubescens Rxb. These plants are closely related to tur-
meric (C. longa), and together with ginger belong to the family Zingi-
beracee.

Microscopic Characters (Fig. 583). The grains resemble those of ginger,

Fic. 583, Curcuma Starch. ¥ 300. (MOELLER.)

but are more elongated. Like ginger starch they have a curious blunt
point in which is located the hilum

Aggregales are rare or absent.

Forms. The grains are much elongated, the length being usually
over twice the breadth. The hilum end is distinguished by the curious
blunt point.

Size. The grains from C. Leucorrhiza sometimes reach 145 p, but
those from the other species seldom exceed 75 g2 and are mostly under 6o .
The Hilum is a small dot in the point. The excentricity is $—'%.

Polarization Cresses are distinct, and a beautiful play of colors is

obtained with the selenite ]r].'_lh'.

CANNA STARCH (QUEENSLAND ARROWROOT).

Queensland, New South Wales, East Indian, or fous [les mois arrow-
root is obtained from the rhizomes of Canna edulis Edw., C. coccinea
Rosc., C. Indica L., C. Achiras Gill (order Maraniacee), and other
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species growing not only in Australia and the East Indies but also in
Brazil, Venezuela, Kéunion, and other tropical regions. It is a glistening
white powder with individual grains so large that they are evident to
the naked eye.

Microscopic Characters (Fig. 584). This starch, because of the large

F1c. 584, Canna Starch, x 300, (MOELLER.)

size of the grains and the distinctness of the rings, is the most beautiful
of all the commercial starches.
Aggregates are wanting or rare.
Forms. The grains are flattened, in outline broadly elliptical or
ovate, with a more or less pronounced point or obtuse angle at one end.
Size. Most of the grains are 5o to 70 p long, but some are over 100 #,
reaching in exceptional cases 135 p
The Hilum is in the end with the obtuse angle. Excentricity usually

-

Rings are very distinct.
Polarization Crosses are beautiful, as is also the play of colors with

the selenite plate.

YAM STARCH (GUIANA ARROWROOT).

Yam starch, or Guiana arrowroot, is made in the tropics from the tuber-
ous roots of Diescorea alata L., D. sativa L., D. aculeata L., D. elabra
Roxb., D. Japonica Thbg., D. nummularia Lam., D. fomentosa Kocnig

(order Dioscoracee), and other species of this genus.



664 COMMERCIAL STARCHES.

Microscopic Characters (Fig. 585). This starch resembles curcuma
starch, but the grains are not as distinctly pointed. The product is quite
variable, owing probably to the different species from which it is derived.

FiG. 585. Yam Starch. X 300, (MoELLER.)

Forms. The grains are flattened in outline, irregularly ovate or
reniform. At the broad end they are often truncated; at the narrow
or hilum end, rounded or very indistinctly pointed.

Size. Usually the grains are 3o—s0 ¢ long, but occasionally reach
8o p.

The Hilum is in the narrow end. Excentricity §—}.

The Rings are evident.

Polarization Crosses are distinct, as is true of most subterranean
starches.

CASSAVA STARCH.

The thickened roots of the bitter cassava (Manihot utilissima Pohl,
order Euphorbiace@) and the sweet cassava (M. aipi Pohl) are used for
the production not only of flour, tapioca, and cattle foods, but also of a
valuable commercial starch known as cassava, tapioca, or manioca starch,
and as Bahia, Rio or Para arrowroot. The starch is made in large
quantities in Brazil, and to some extent in other tropical regions, from
the root of the bitter cassava, the poisonous prussic acid contained in the
fresh root being entirely eliminated by the processes of washing and dry-
ing. This product is sold in the United States at a price below that of
maize starch, and is used chiefly in the arts. In Florida considerable
starch is made from the sweet cassava for use as a size for cotton fabrics.
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Microscopic Characters (Fig. 586). This starch is the most important
of the commercial varieties with rounded grains truncated on one side.
Although in tapioca the grains are more or less distorted, owing to the
heating during manufacture, they often retain enough of their characters
to permit of identification.

Aggregates, usually of 2-3 grains, less often of 4-8 grains, may be
seen in great numbers in sections of the root. In the manufacture of
commercial starch these aggregates are
mostly broken up into their constituent
grains.

Forms. The grains are usually kettle-
drum- or sugar-loaf-shaped, the flattened
surfaces corresponding to the surfaces of
contact of twin aggregates. Round grains
are rare, those that have that appearance
being merely truncated forms resting on
the flattened side. Grains with two
flattened surfaces (from triplets) are not Fc. s%. “(‘;*};‘;:“‘_:]m‘ *'.--"“’J:"
uncommon, but with more than two sur-
faces (from aggregates of more than three members) are rare.

Size. The grains occasionally reach 35y, but most of the large
grains are 20 p or less. The small grains are less than 15 z.  Grains
so p in diameter, such as occur in sweet-potato starch, are never
present.

The Hilum is central, and is usually very distinct. Often a triangular
enlargement of the hilum extends to the flattened surface. Clefts radia-
ting from the hilum are sometimes present.

Rings are indistinct.

Polarization Crosses are very striking.

SWEET-POTATO STARCH (BRAZILIAN ARROWROOT).

Although the sweet-potato plant (Batatas edulis Chois., Ipomea
Batatas Lam., order Convolvulace®) is a native of India, it is grown
chiefly in South America, Central America, and the Southern States of
the United States. The tuberous roots contain reserve material in the
forin of both starch and sugar. Wiesner states that sweet potatoes grown
in the tropics contain 10 per cent of sugar and only ¢ per cent of starch,
whereas those grown in subtropical countries contain only 3—4 per cent
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of sugar and as high as 15 per cent of starch. From these figures it is
evident that the roots from the cooler regions are best adapted for the
manufacture of starch.

The commercial product is known as Brazilian arrowroot, or sweet-
potato starch.

Microscopic Characters (Fig. 587). This starch resembles that of
tapioca, but the grains are larger and have an excentric hilum.

Fic. 587. Sweet-potato Starch. X z00. (MOELLER.)

The Aggregaies consist mostly of twins and triplets, although some
contain as high as six individuals. In the commercial product the grains
are mostly detached.

Forms. The grains have one or two, less often more, flat or slightly
concave surfaces. Bell-shaped forms are particularly abundant.

Size. Most of the larger grains are 25-35 p¢ in diameter; some,
however, reach 55 #. The small grains are chiefly 5-15 s

The Hilum is distinct, and is frequently marked by radiating fissures.
The excentricity is usually about }, but sometimes reaches g.

Rings are indistinct.

Polarization Crosses. These are striking.

ARUM STARCH (PORTLAND ARROWROOT).

Portland arrowroot and some. other varieties of commercial starch
of local importance are obtained from the corms of various species of
Arum (order Aracez), of which A. esculentum L., A. Italicum Lam.,
and A. maculatum L. are the most important.

Microscopic Characters, Aggregates occur in the root, but not in
considerable numbers in the commercial product.
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Forms, The grains are either polygonal or rounded, with one or
more facets.

Size. The maximum diameter is 20 p, the usual diameter less than
15 p.

The Hilum is central.

Rings are indistinct.

TACCA STARCH (TAHITI ARROWROOT).

This starch, also known as Williams' arrowroot and fécule de pia, is
made from the roots of Tacca pinnatifida Forst., order Taccacee, a plant
grown not only in Tahiti and neighboring islands, but also in Brazil
and India.

Microscopic Characters. According to the description of Tschirch
and Oesterle the grains are irregularly egg-shaped, with excentric hilum
and distinct rings. The large grains are usually 38-50 g, but vary
up to 85 p. Wiesner states that the largest grains measure 45 p, and
further notes the presence of polygonal grains of somewhat smaller size
from aggregates.

Further observations on authentic material are desirable,

SAGO.

Reserve starch is deposited in large amounts during certain periods
of growth in the pith of palms and cycads for use during the fruiting
season. In India and the East Indies this starch is extracted in
enormous quantities from two palms, Metroxylon Rum phii Mart. (Sagus
Rumphii Willd.) and M. leve Mart. (S. levis Rumph.), and in consider-
able quantities from M. Sagus, M. Koenigii Rumph., Arenga saccharijera
Labill, Borassus flabellijormis L., Caryota urens L., and other allied species.

Sago is also obtained from Cycas revoluta L., and other cycads.

The processes of manufacture of sago starch and pearl sago are much
the same as are employed in making starch and tapioca from the cassava
root. The pith of the tree, separated from the hard outer layers, is reduced
to a pulp, and the starch is washed out on sieves. Soluble impurities
and matters in suspension are removed by repeated agitation with water
and decantation. The moist starch after drying yields sago flour or
sago arrowrool.

In the preparation of pearl sago the moist starch is converted into
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coarse granules by rubbing through sieves, and these granules are dried,
rounded by agitation in bags, and finally heated until the starch grains
are partially destroyed. The granules are from 1-4 mm. in diameter,
horny in texture, and semitransparent.

Microscopic Characters (Fig. 588). The starch is highly characteristic

FiG. 588, Sago. X3co. (MOELLER.)

in microscopic appearance, even in pearl sago and other partially cooked
products.

Aggregales of one large irregular grain, with one or two (rarely
three or more) small grains, make up the larger part of the original
material, but in the process of manufacture many of these aggregates are
broken up.

Forms. The large detached grains from the aggregates arc irregular
in shape, and show the surfaces of contact. When two of these surfaces
are present they are usually at different corners of the grain, and not adja-
cent, as in the starch grains of tapioca. A few of the large grains, and
many of the small grains, do not bear evidences of being members of
aggregates.

The small grains from aggregates are plano-convex.

Size. The large grains are mostly 30-s0 x long, but sometimes
range up to 8o p; the small grains are 20 x or less long.

The Hilum has usually an excentricity of 3-4, and is frequently
crossed by fissures.

The Rings and Polarization Crosses are distinct.
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In pearl sago and other cooked products the above characters are
more or less indistinct.

As formerly prepared sago flour usually contained considerable amounts
of tissues and cell-contents, especially stone cells, hairs, raphides, and
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Fic, 583, lur.\‘lhrumum Starch, (MoELLER,)

crystal clusters, but at present these impurities are largely removed by
the improved processes of manufacture.

MISCELLANEOUS STARCHES,

The starches described in the foregoing sections are those best known
in commerce. Others of local importance are obtained from the plants
given in the following table:

Order and Species. Part Used. Locality.

Amary'lides:

Alstraemeria pallida Grah. . . ............... Bulb Chili

L T s S e S e s S s =

Pancratium maritimum L. . ... .covenean... e Ttaly
Anacardiacee:

Mangifera Indica L. (mango).....ovvenuann, Seed West Indies
Aracea:

Ao PROPRAIKS B, o v v oo vvsisimives vinas mnae Corm -

Colocasia anliquorum Schott................ £ Martinique

ORI S 115 s v amas 03 SN et i S s, SRR £ West Indies

T G L A o I A 17 i gn i
Araucariacee:

AT THCGTIE B s s lo W licwa it s A Al S e el Brazil
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Cucurbilacea :

Bryonia epigea Rottl
Sechium edule Sw

Graminee :

Eleusine Coracana Gaertn

Hypoxidee :

Hypoxis aurea Lam.........

Leguminose :

Dolichos bulbosus L
Parkia biglandulosa
Pueraria Thunbergiana Kunth

Liliacee :

Erythronium Dens-canis L
Fritillaria imperialis L
Gloriosa superba L
Yicoo gloriosa I o s Caniadive sSnilahie siols e

Malvacee :

Pachira aquatica Aubl

Nympheacee :

Nelumbium speciosum Willd .

Order and Species.

......................

Sicyos angulatus D.C. . ., covvainainriinan.

R R R R R

COMMERCIAL STARCHES.

Part Used.

Root

i

Seed

Bulb

Root
Pod
Seed

Bulb

Bulbous root

Seed

Root

Loeality.

East Indies
West Indies
Réunion

West Indies

East Indies

Japan
East Indies
Japan China

Japan

France

East Indies
Central America

Guiana

China
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GLOSSARY.

Accompanying Cells. The cells adjoining the guard-cells of a stoma,

Accumbent. Applied to seeds with radicle against the edges of the cotyledons (p. 173).

Achene. A small-dry, indehiscent, one-seeded carp:l with a leathery pericarp.

Adnate. Grown to another part.

Aerial Stem. A stem formed above ground as distinguished from rhizomes and other
subterranean stems (p. 39).

Aggregate. Used of starch grains united to form a body of definite shape.

Aggregate Fruit. A fruit formed by the ripening of a flower with several ovarics
(p- 33; Fig. 256).

Aleurone Cells, or Aleurone Layer. Strictly, cells of the perisperm or embryo, con-
taining aleurone grains and fat, but no starch. The so-called aleurone or gluten
cells of the cereals contain fat in an amorphous proteid network, but neither aleu-
rone grains nor gluten (p. 62; Figs. 33 and 38).

Aleurone Grains. Proteid bodies of various forms occurring chicfly in sveds (p. 24;
Fig. 7).

Alkaloids. A group of nitrogenous substances with marked toxic or stimulating prop-
erties (p. 25).

Amphitropous. See Hemilropous.

Amylodextrin. A carbohydrate intermediate between dextrin and starch.

Amylodextrin Starch (p. 534).

Anastomosis. The joining of veins by eross-veins, forming a network.

Anatropous, Inverted; applied to ovules and seeds with foramen or micropyle at the
hilum, connected by the raphe with the chalaza at the opposite end (Fig. 1g).
Angiosperms, or Angiospermous Plants, Phenogams with ovules inclosed in an ovary.

Annular Vessels. Vessels with thickened rings (Fig. 25).

Anther. The body at the extremity of the stamen, containing the pollen grains (p. 31).

Apex. The end farthest from the point of attachment or base of an organ.

Arillode. An appendage of a seed growing out of the micropyle.

Arillus, or Seed Mantle. An appendage of a seed growing out of the hilum (Fig. 448).

Ascus, pl. Asci. A sac producing spores within (p. 420; Fig. 325).

Assimilation. See Photosynihesis.

Assimilation Starch. The starch formed in chlorophyl grains,

Astroscelereid.  Star-shaped stone-cell.

675
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Awn. A bristle borne on the glume or palet of a grass.

Axil. The upper angle between a leal and a stem.

Bark. ‘ All the tissues of perennial stems outside of the cambium layer (p. 2o:
Fig. 24). :

Basidium, pl. Basidia. A sac producing spores on its surface (p. 420).

Bast. See Philoem.

Bast Fibars, Greatly elongated, pointed cells with thick porous walls (p. 21; Fig. 5).

Beaker Cells. Cells with thickened radial and inner walls (p. 173; Fig. 144).

Bracts. The small leaves or scales subtending a flower or its pedicel.

Bulb. A leaf bud (usually subterrancan) surrounded by thickened scales.

Bundle Sheath. A group of bast fibers surrounding or adjoining a bundle (Figs. 231
and 232).

Calyx. The outer floral envelope, consisting of sepals.

Cambiform Cells, Elongated elements of the phloem with non-porous cross partitions
(Fig. 6).

Cambium Layer. The active tissue of exogenous stems and roots, forming phloem on
the outside and xylem on the inside (p. 39).

Campylotropous, Applied to ovules and seeds with the hilum and chalaza at the
point of attachment, but with the body so curved as to bring the foramen or micro-
pyle also near this point,

Cane Sugar, or Sucrose. Common sugar, CiH=O,,.

Carpel. A simple pistil or an clement of a compound pistil,

Carpophore.  The prolongation of the pedicel between the carpels of umbelliferous
plants, from which the carpels are suspended (p. 540; Fig. 480).

Caruncle -~ A wart-like excrescence formed on the micropyle of a seed.

Caryopsis. A dry, one-seeded, indehiscent fruit in which the seed adheres to the thin
pericarp throughout, as in wheat and other grains.

Cell Nucleus. A globular protoplasmic body in the cell, instrumental in cell division
(p. 23)-

Cellulose. The carbohydrate forming the larger part of the cell-walls of young tissues.

Chaff. The glumes and palets of grasses.

Chalaza. The part of an ovule or seed where the integuments and nucellus unite
(p. 35; Fig. 19).

Chartaceous. Papery.

Chlorophyl Grains. See Chioroplasis.

Chloroplasts, Chloroplastids, or Chlorophyl Grains. The characteristic bodies of
green tissues, essential for photosynthesis (p. 29).

Chromatophores. See Plastids.

Chromoplasts, or Chromoplastids, Orange or yellow plastids, to which certain organs
owe their color (p. 24).

Cleft. With narrow or acute divisions or sinuses extending half way or mare to the
midrib or base.

Collateral Fibro-vascular Bundle. With phloem and xylem in the same radial plane
{p- 39)-

Collenchyma. A tissue with conspicuous thickenings at the cell angles (p. 20;
Fig. 3).
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Column Cells. The subepidermal cells of the spermoderm of legumes, usually
I-shaped or hour-glass-shaped (p. 239; Fig. 180).

Commissure. The surfaces of contact of the two fruits (merciarps) of the Umbellifere
(p. 549).

Compound or Multiple Fruit. A fruit consisting of the ripened ovaries of several
fowers.

Compressed Cells. Sec Oblilerated Cells.

Concentric Fibro-vascular Bundle, With xylem encircling the phloem or vice verse

(p. 44).
Conduplicate. Applied to seeds with cotyledons folded lengthwise about the radicle.
(p. 173).

Conidium. Sce Gonidiun.

Coniferous Plants, or Conifers, Gymnosperms bearing cones,

Convolute, Rolled up longitudinally from one marg'n.

Coriaceous. Leathery.

Cork. A protective tissue formed beneath the epidermis, especially of stems (p. 22;
Fig. 512).

Corm. A short and thick, fleshy, subterranean stem, often broader than high, with
roots on the lower side.

Corolla. The inner Aoral envelope, consisting of petals.

Cortex. The zone between the epidermis and phloem of annual stems, and between
the cork and phloem of perennial stems (pp. 30, 40).

Cotyledons. The seed-leaves of the embryo.

Crenate. With margin having rounded teeth,

Cross Cells. Transversely elongated cells {(p. 62; Fig. 36).

Cryptogamous Plants, or Cryptogams.  The lower plants without stamens and
pistils.

Crystalloids. Proteid crystals occurring in aleurons grains (p. 24).

Crystal Rosettes, or Crystal Clusters. Aggregates of crystals, particularly of calcium
oxalate (p. 26; Fig. 8.

Crystal Sand. Deposits of minute erystals (p. 26; Fig. ro).

Cupule. The cup (involucre) of the acorn and similar fruits (p. 200).

Cuticle. The non-cellular membrane covering the epidermis (p. 21).

Cutin. The chief constituent of the cuticle.

Cystolith, A concretion of calcium carbanate occurring in special cells (Fig. 169).

Cytoplasm. <The semi-fluid portion of the protoplasm (p. 23).

Dehiscent. Opening by valves, pores, or along regular lines.

Dentate. With margin having teeth pointing outwards.

Dextrin. A water-soluble carbohydrate intermediate between dextrose and starch.

Dextrose, or Grape Sugar. A sugar with the formula C,H:Oy, which turns the plane
of polanized light to the right.

Dicotyledonous Plants, or Dicotyledons, Plants with embryo having two cotyledons,
See Exogenous Plants.

Dicecious. With staminate and pistillate flowers on different plants.

Divided. With divisions extending quite to the midrib or base.

Dorsal Side, The outer side or back.
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Drupe, or Stone Fruit. A fruit with a fleshy mesocarp and a hard endocarp or stone,
such as the peaci.

Drupelet. A small drupe.

Ellipsoidal. Applied to a solid elliptical in longitudinal section.

Elliptical. With the outline of an ellipse.

Emergence. A multicellular excrescence or hair with tissues derived from both the
epidermal and hypodermal layers.

Embryo. The undeveloped plantlet in a seed (p. 38).

Embryo Sac. The sacin the nucellus in which fertilization is effected (p. 35; Fg. 19).

Empty Glumes. The two chaffy envelopes subtending a spikelet (Fig. 66).

Endocarp. The innermost laver of a pericarp (p. 35; Figs. 17 and 18).

Endodermis. The layer encircling the bundle zone (pp. 39, 45).

Endogenous Plants, or Endogens. .Plants with bundles irregularly distributed through
a parenchymatous tissue. The seeds have monocotyledonous embryos and the
leaves are usually parallel-veined.

Endosperm. The albumen of the seed which, like the embryo, is developed in the
embryo sac (p. 35).

Entire. Unbroken by divisions.

Epicarp. The outer epidermis of a fruit (p. 35; Figs. 17 and 18).

Epidermis, The outermost or innermost cell layer of an organ.  See Epicarp.

Essential or Volatile Oils. Alcohol soluble mixtures of turpenes with other substances
(p. 26).

Exogenous Plants, or Exogens. Plants with fibro-vascular bundles in a ring, forming
new wood on the outside of the old. The seeds have dicotyledonous or poly-
cotyledonous embryos and the leaves are usually netted-veined.

Fats and Oils. Compounds of fatty acids with glycerine (p. 26).

Fibro-vascular Bundle, or Vascular Bundle. A group of conducting elements con-
sisting of xylem and phloem, with often a sheath of bast fibers (pp. 22, 30-45;
Figs. 6, 231, and 232).

Filament. The slender stalk of the stamen bearing the anther.

Flowering Glume. The outer (lower) of the two envelopes subtending each flower
of a spikelet of a grass (p- 60; Fig, 32).

Foramen. The opening at one end of an ovule through which the pollen tubes enter
(p. 34; Fig. 19).

Fruit. The matured ovary and all it contains or that is connected with it (p. 33).

Fruit Coat. See Pericarp.

Fugaceous. Lasting but a short time.

Funiculus, The stem of an ovule.

Geniculate. Bent abruptly.

Glabrous. Smooth, ie., free from hairs or bristles.

Gland. A modified cell secreting different substances. Loosely used for any slight
swelling.

Glandular Hairs. See Hairs.

Glaucous. Covered with a bloom.

Globoids, Globular bodies occurring in aleurone grains (p. 25).

Glucosides. Compounds of sugars with organic acids.
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Gluten Cells Sec Alewrone Cells,

Gonidium, pl. Gonidia. Same as Comidium, pl. Conidia. An asexual reproductive
cell (p. 164).

Ground Substance. The material in which are embedded specially differentiated
bodies, as the ground substance of aleurone grains (p. 24).

Ground Tissue. A tissue, usually parenchyma, in which others are embedded,

Guard Cells. The two crescent-shaped cells surrounding a stoma (p. 2g; Figs. r1and 12).

Gums. Mucilaginous substances soluble in water but precipitated by alcohol.

Gymnospermous Plants, or Gymnosperms., Phenogams having naked ovules.

Hadrome, See Phioem.

Hairs, or Trichomes. Unicellular or multicellular outgrowths of the epidermis (p. 2g).

Hairs, Glandular, Hairs with a secretion chamber at the apex (Figs. 11 and 425).

Hastate, Halbert-shaped; with lobes at the base turned outwards.

Hemitropous, or Amphitropous. Applied to ovules or seeds with hilum midway be-
tween the chalaza and foramen (micropyle).

Hermaphrodite With stamens and pistils in the same flower.

Hilum, pl. Hilums or Hila. (1) The scar or place of attachment of an ovule or seed
to its funiculus or stalk; (2) the organic center of a starch grain (p. 647).

Hirsute. Rough hairy.

Hour-glass Cells. See Column Cells,

Hyaline. Transparent or translucent.

Hymenium. An aggregation of reproductive cells in a fungus (p. 420).

Hypha, pl. Hypha®. A vegetative thread of a fungus.

Hypoderm. The layer or layers of cells immediately underlying the epidermis; here
used chiefly for the hypoderm of fruits.

I Cells. See Column Cells.

Idioblast. A cell which differs greatly, in form, size, or contents, from the tissue in
which it occurs,

Imbricated. Overlapping one another.

Incumbent, Applied to seeds with radicle against the back of one of the cotyledons
(p- 173)-

Indehiscent. Not opening by valves, pores, or along regular lines.

Inferior. Growing below some other organ. An inferior calyx is free from the ovary.
An inferior ovary is united with the calyx tube.

Inflorescence. The arrangement of flowers on the stem, or a flower cluster itself.

Intercellular Spaces. Cavities between cells (Fig. 1).

Inulin. A water-soluble carbohydrate found in various rcots. It forms sphéero-crystals
in alcohol.

Invert Sugar. A mixture of equal parts of dextrose and levulose obtained by the inver-
sion of cane sugar.

Involucre. A circle of bracts surrounding the base of a compound fower or a cluster
of flowers,

Involute. Rolled longitudinally on the upper side from both margins.

Isodiametric. Having approximately equal dimensions.

Lanceolate. Much longer than broad, and tapering at the apex, or at both the apex
and the base.
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Latex Tubes. Branching tubes containing a milky secretion (Figs. 341 and 343).

Leptome. See Philoem.

Leucoplasts, or Leucoplastids. Colorless plastids instrumental in the formation of
starch (p. 644; Fig. 570).

Levulose, or Fruit Sugar. A sugar with the formula CyH.z0,, which turns the plane
of polarized light to the left.

Light Line. A bright line perpendicular to the axis of the cell seen in the palisade
cells of legumes and other seeds (p. 234; Fig. 200).

Lignin, The characteristic constituent of woody or sclerenchymatized tissues.

Lobed. With rounded divisions or sinuses extending not more than half way to the
midrib or base.

Locules, The cavities or macroscopic cells of a fruit or other organ.

Lodicules. The two very small hyaline scales between the base of a flower and its
glume (p. 61). ;

Lumen, pl. Lumens or Lumina. The cavity enclosed by the walls of a cell.

Malpighian Cells. The palisade epidermis of leguminous seeds (p. 233; Fig. 200).

Mericarp. One carpel of the fruit of an umbelliferous plant (p. 540).

Meristem. A tissue, usually in a zone, forming other tissues by cell division,

Mesocarp. The middle layers of a pericarp (p. 35).

Mesophyl. The middle layers of a leaf (p. 29; Fig. 11).

Micropyle, ‘The opening of a seed corresponding to the foramen of the ovule (Fig. 19).

Middle Lamella, The primary or middle layer between cells.

Midrib. The central nerve of a leaf.

Mitscherlichian Bodies. Multicellular hairs occurring on the epidermis of the embryo
of the cocoa bean (p. 446; Fig. 348).

Monocotyledonous Plants, or Monocotyledons. Plants with embryos having one
cotyledon,  See Endogenous Plants.

Moncecious, With staminate and pistillate flowers on the same plant.

Morphology. The study of vegetable parts with reference to their form, origin, and
metamorphoses.

Mycelium, pl. Mycelia. The vegetative portion of a fungus consisting of hypha.

Naked Fruit. A fruit readily separating from its envelopes.

Nucellus. The body of the ovule (p. 35; Fig. 19).

Nucleus, See Cell Nucleus.

Nutritive Layer. A layer of the spermoderm, several cells thick, containing starch or
other contents which are translocated to other parts during ripening.

Obliterated Cells. Compressed cells with little or ni evidence of their cellular structure.

Obovate. With the outline of a longitudinal section of a hen’s egg; attachment at the
smaller end.

Obovoid. FEgg-shaped with attachment at the smaller end; solid obovate.

0il Cells. Cells secreting fatty or essential.oil.

0il Ducts. Ducts containing essential oil, as the vitte of umbelliferous fruits
(p- 549)-

Orthotropous. Applied to ovules and seeds with both hilum and chalaza ai the point
of attachment, and the foramen or micropyle at the opposite end.

Oval. Broadly elliptical.
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Ovary. The body of the pistil in which are contained the ovules and which later
develops into the fruit (Fig. 19).

Ovate. With the outline of a longitudinal section of a hen's egg; attachment at the
larger end. :

Ovoid. Egg-shaped with attachment at the larger end; solid ovate.

Ovule. A body contained in the ovary which, after fertilization, develops into a seed.

Palet, or Palea. The upper ( inner) of the two envelopes subtending each flower of a
spikelet of a grass (p. 6o, Fig. 32).

Palisade Cells. Elongated cells arranged perpendicular to the surface, resembling in
cross section a palisade (Fig. 166).

Palmate. With divisions radiating from the end of the stem, like the fingers of a hand.

Panicle. A loose, branching flower cluster.

Papilionaceous. Butterfly-shaped, such as the flowers of the pea.

Papilla, pl. Papillez. Soft nipple- or club=shaped protuberances.

Pappus. The modified calyx lobes, consisting of bristles, hairs, teeth, or a cup, which
crown the achenes of the Composite.

Parenchyma. The simplest form of tissue, such as pith, mesophyl, ete. (p. 20; Fig. 1).

Parenchyma, Spongy. A loose parcnchyma with pronounced intercellular spaces
(p. 20; Fig. 2).

Parqueted Cells. Elongated cells arranged in groups, those in the same group side
by side and extended in a different direction from those in othergroups (Fig. 472).

Parted. With divisions extending almost to the midrib or base.

Pedicel. The stem of a single flower of a group.

Peduncle. The stem of a solitary flower or a group of flowers.

Perianth. The floral envelopes, consisting of calyx, or calyx and corolla.

Pericambium, See Pericycle.

Pericarp, or Fruit Coat. The matured ovary wall (p. 33; Figs: 17 and 18).

Pericycle. The outer layer of the stele, adjoining the endodermis (p. 40).

Periderm. The outer bark, consisting chiefly of cork cells.

Perisperm. The part of a seed developed from the nucellus of an ovule (p. 38; Fig. 20).

Petals. See Carolla.

Petiole. The stem of a leaf.

Phanerogamous Plants, or Phanerogams. The higher plants having true flowers
with stamens and pistils.

Phelloderm. The tissue formed on the inner side of the phellogen,

Phellogen. The meristematic layer forming cork on the outside and phelloderm or
secondary cortex on the inside.

Phenogamous Plants, or Phenogams (also spelled Phanogams). See Phancrogams,

Phloem, Bast, or Leptone. The softer part of a fibro-vascular bundle, consisting of
sieve-tubes, cambiform cells, and other non-lignified elements (p. 22).

Photosynthesis, or Assimilation. The formation through the agency of light of organic
matter in chlorophyl tissucs from carbonic acid and water (p. 28).

Pigment Cells. Cells containing coloring matter.

Pinnate. Arranged on both sides of an axis, like the vanes of a feather.

Pistil, The female element of the flower, consisting of ovary, style, and stigma.

Pith. The central parenchymatous core of exogenous roots and stems,
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Pits, See Pores.

Placentze. The parts of the ovary bearing the ovules,

Plastids, or Chromatophores. Protoplasmic grains, including .chloroplasts, leucoplasts,
and chromoplasts (p. 23).

Plumule, The bud or growing point of the embryo above the cotyledons (Fig. 62).

Polarization Crosses. Dark crosses seen on starch grains when examined under the
micro-polariscope with crossed Nicol prisms.

Pollen Grains. The fecundating powder formed in the anthers.

Pollen Tubes. The tubes formed on pollen grains which penetrate the ovule and
effect fertilization (Fig. 19).

Pome, A fleshy fruit with united receptacle and pericarp, such as the apple.

Pores, or Pits. Openings or depressions in cell walls, affording communication between
adjoining cells.

Procambium. The elongated cells of the embryo from which the fibro-vascular
bundles are developed.

Proteids, or Albuminoids. A class of substances containing about 16 per cent of nitrogen,
to which belong gluten, legumen, ete. (p. 24).

Protoplasm. The living matter of the cell, consisting of cytoplasm, cell nucleus, and
plastids (p. 23).

Pubescent. Soft hairy.

Raceme, A flower cluster with one-flowered pedicels arranged along a common axis.

Rachis. The axis of a spike or of a compound leaf.

Radial Fibro-vascular Bundle. With phloem and xylem in different radial planes
alternating with each other (p. 43).

Radial Walls, Walls perpendicular to the surface of an organ.

Radicle. The stem of the embryo, from the lower end of which develops the root.

Raphe. The strand of vascular elements joining the hilum of a seed with the chalaza
(p- 35; Fig. 10).

Raphides. Needle-shaped crystals (Fig. g).

Receptacle. The immediate support of a group of flowers or other organs.

Reniform. Kidney-shaped.

Reserve Material, Starch, oil, proteid, or other materials stored for future use in
seeds, stems, rhizomes, tubers, and other organs.

Reserve Starch. Starch deposited in seeds, rhizomes, tubers, and other organs for
future use (p. 643).

Resins. Solid oxygenated hydrocarbons related to the essential oils, insoluble in water
but soluble in ether, essential oils, etc.

Respiration. The oxidation of organic matter in the leaf with exhalation of carbonic
acid (p. 28).

Reticulated. Netted.

Reticulated Vessels. With thickenings forming ret’culations. Intermediate forms
occur between these and spiral vessels.

Revolute. Rolled longitudinally on the under side from both margins.

Rhizomes, or Rootstocks. Stems or branches growing beneath or partly covered by
the soil.

Sagittate. Arrow-shaped; with lobes at the base turned downwards.
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Scalariform Vessels With transversely arranged ribs in rows like the rounds of a
ladder (Fig. 6).

Sclerenchyma. A tissue with thickened and lignified walls, such as stone cells and
bast fibers. -

Sclerotic Cells. Sece Stone Cells,

Sclerotium, pl. Sclerotia. A compacted mass of sterile hyphe forming the resting stage
of certain fungi (p. 164; Fig, 141).

Scutellum. A shield-like sucker (cotyledon) on the side of the embryo in grasses
(p. 61; Fig. 62).

Secondary Cortex. The cortex formed by the phellogen outside of the primary cortex.

Seed. The fertilized and matured ovule.

Seed Coat. See Spermoderm.

Sepals. See Calyx.

Serrate. With margin having sharp teeth pointed forwards.

Sieve Plates. The perforated plates forming the cross partitions of sieve tubes and
occurring also on the side walls.

Sieve Tubes. The characteristic elements of the phloem, consisting of soft tubes with
perforated cross partitions (p. 23; Figs. 6 and a5).

Silica Cells. Conical cells, corresponding to  hairs, found on the epidermis of the
glumes and palets of certain cereals (p. 62; Fig. 45).

Silicle, A short silique.

Silique. The pod of the Crucifere, opening from below by two longitudinal valves,
leaving the seeds attached to the placenta.

Sinuous, or Sinuate. With deeply wavy margins.

Sinus. A cove or re-entrant angle.

Spathe. A large bract encircling a flower cluster.

Spatulate. With rounded apex and narrow, tapering base.

Spermoderm, Testa, or Seed Coat. That portion of the skin or sheil of a seed
developed from the integuments of the ovule (p. 37).

Sphacelia, the active stage of ergot (p. 164)

Spike. A group of sessile flowers on a common axis.

Spikelet. In grasses, a group of flowers subtended by two empty glumes (p. 60; Fig, 32).

Spiral Vessels. Vessels with spiral thickenings, resembling a spiral spring (Fig. 6).

Spongy Parenchyma. See Parencliyma.

Spores. The reproductive hodies of crvptogams, analogous to the seeds of phanero-
gams.

Stamens. The male elements of the flower, made up of filament and anther.

Starch (Latin Amylum). A carbohydrate with the formula (C H.eO;)n, occurring as
grains insoluble in water.

Stegmata, pl. Cells containing silicious bodies (Fig. 232).

Stele. The central cylinder of a stem or root within the endodermis (p. 40).

Stigma. The end portion of the pistil on which are deposited the pollen grains.

Stoma, pl. Stomata; or Stomate, pl. Stomates. The openings or breathing pores of
epidermal tissues, particularly of leaves (p. 29; Figs. 11 and 12),

Stone Cells, or Sclerotic Cells. Sclerenchyma elements, either isodiametric or moder-
ately elongated, with thick, porous walls (p. 21; Fig. 4).

SCANNED AT VIRGINIA POLYTECHNIC INSTITUTE AND STATE-UNIVERSITY



684 GLOSSARY.

Stone Fruit, Sec Drupe.

Style. The neck of the pistil connecting the stigma with the ovary.

Subepidermal Layer. The layer of cells immediately underlying the epidermis. Here
used chiefly for the subepidermal layer of seeds.

Suberin. The characteristic constituent of cork tissues.

Subtend. To extend underneath.

Sucrose, or Cane Sugar. Ordinary sugar with the formula C;H,.0..

Superior. Growing above some other organ. A superior calyx is grown to the ovary
i.e. adnate. A superior ovary is free from the perianth.

Suture. A seam of union, or line of dehiscence.

Tannins.  Colorless astringent substances, becoming brown on drying, which are
colored blue or green by iron salts.

Testa. See Spermodernt.

Terrete. Circular in cross section.

Trachese. Sce Fessels.

Tracheids. Elongated, lignified cells of the xylem, distinguished from vessels by
their cross partitions (Fig. 232).

Transitory Starch. = Starch temporarily deposited in an organ (p. 643).

Transpiration, Exhalation of water through the leaf.

Trichomes. Sce Hairs.

Tube Cells.  Longitudinally arranged vermiform cells, especially those forming the
endocarp of cereals (p. 62; Fig. 36).

Tuber. A thickened portion of a subterranean stem.

Twin Cells. Pairs of oval or crescent-shaped cells found on the epidermis of the
glumes and palets of certain cereals (p. 62; Fig. 45).

Ventral Side. The inner side, facing the axis.

Versatile. Swinging freely on its support.

Vessels, or Trachez. The lignificd ducts or tubes of a fibro-vascular bundle, di:
tingwshed from tracheids by the absence of transverse parfitions (p. 223 Figs. 6
and 25).

Vittee. Oil ducts of umbelliferous fruits (p. 549)

Volatile Oils. See Essential Oils.

Water Pores, or Water Stomata. Epidermal openings situated at the ends of the nerves
of leaves, through which water is discharged.

Wavy. Curving gently in and out.

Xylem, Wood, or Hadrome. The portion of a fibro-vascular bundle containing the
vessals and tracheids (p. 22; Figs. 6, 231, and 232).
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Abientinea, 316
Acarus furine, 50
plumiger, 50
Accompanying cells, 29
Acer Negundo, 477
Aceracee, 477
Acetic acid, 8
Avcid, acetic, 8
hydrochloric, g
nitric, g
pieric, 23
Acorn, oz
coffee, 303
Hour, 306
shells, 306
Acorns Calamus, 608
Adonis wstivalis, 154
Flammea, 154
Adzuki bean, 241
Aerial stems, 30
Esculus Hippocastawum, 637
Africanischer Nusshohnen-Kaffee, 436
Aguar-agar, 322
A garicines, 323
A garicus campesiris, 323
Ageregate fruit, 33
A gluga edorata, 452
A grostenving Githago, 145, 148
Akebia leaves, 478
Akebia guinata, 478
Albumen fixative, Mever's, 17
Alcanna tincture, 8, 26
Alcohal, 8
Alcohol-hvdrochloric
Vogl's, 53
Alectoroloplous lrirsulus, 145
Adenrites Moluccana, 222
triloha, 222
Aleurone grains, 2
Alfalfa, 263
Alkali, 10, 16
Alkaloidal products, 427
Alkaloids, 25
AMlerwelts-Kaffee, 436

acid  test of flour,

Alliwm Schanaprasun, 627
Allspice, 320
ground, 530
Almond, 333
cake, 337
coffee, 336
flour, 337
paste, 337
shells, 337
Alpinia caloaratu, 6o6
Galanga, 6ab
afficinarum, tob
Alstonia theaformis, 483
Alstraemerin pallida, 66g
Amanita bufbosa, 423
phalloides, 423
A maryllidea, 66
Ammonia-water, 5
Ammoniacal copper solution, 10
Amomum Cardamonm, 542
maximunt, 542
subulatm, 342
xanlhioides, 542
Amorphophatlus sh., 660
Anacardiaces, 313, g
Ananassa sativa, 395
Aundrapogon Sorghum, 07, 104
var. durr:, 104
var, saccharafus, 103
var. fechnicus, o8
Anethum graveolens, 564 ;
Angiosperms, wood of, 42
Angrecum fragrans, 483
Anguwillula tritici, 50
Aniline dves, 24, 320, 413, 522
Anise, 558 :
Annual stems, 30
Annular vessels, 22
Anthers, 31
Anthoxanthum odoratum, 273
Apivm graveolens, 563
Apple, 323
pomace, 327
Prescives, 3a7
685
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Apricot, 330
compared with almond, peach, and
plum, 336
preserves, 340
Aquifoliacea, 483 .
lracea, Ho8, 666, 66
Araclis hypogea, 266
Arata's wool test, 413, 522
lraucaria sp., Hog
Araucariacea, 66g
Arenga saccharifera, 667
Arillode, 38
Arillus, 37
Arrowroot, Brazilian, 665
East India, 662
Guiana, 395, 638, 063
Portland, 666
Queensland, 662
Tahiti, 667
tous les mois, 662
West India, 660
Artemisia vulgariz, 619
Artichoke, Jerusalem, 416
Artificial flavors (4 jam, etc., 320
Artocarpea, 386, 6359
Awtocarpus incisa, 659
Arum starch, 666
Avune esculentun, 666
Ttaliciom, HO6
naculalun 666
Asci, 420
Ascomycetes, 420
Ash leaves, 462
mountain, 463
Asi-rai, 183, 188
Asperula odorata, 273
Asphodelus tenuifolius, 187
Assimilation, 28
Astragalus, 264
baeticus, 204, 430
Avrantiacea, 452
Autumn morel, 423
Avena fotuwa, 111, 145, 146
orfentalis, 111
sabiva, 111
Awns, 61
Aver's hygienic substitute for coffee, 436

Babiana aurea, 632
Balsam, Canada, in xvlol, §
mounting in, 19
TBamihl's test of flour, 70
Banana, 303
flour, 303
starch, 304, 658
Burbarea valgaris, 193
Bark, 38, 40
Barks, microscapic elements of, 41
used as spices, 585
Barley, 8o
by-products, 85
farina, 85
flour, 85

Barley, pearl, 85
praducts, &g
roasted, 85
Basidiomycetes, 420
Bast, 22, 41
ﬁbcl':s. 21,23
Butatas edulis, 663
Batavia cassia, 586,
Bayberry, 579 o
Bay-leaf, 16
Bayrischer Kaffee, 436
Bean, adzuki, 241
black-eyed, 247
broad, 250
carab, 275
Chickasaw Lima, 258
China, 247
common, 238
Dutch case-knife, 240
Egyptian, 249
horse, 250
hyacinth, 249
Juck, 258
Lima, 241
Sieya, 241
soja, 248
soy, 248
Spanish, 240
’[l:mrlkn, 2%3
Tonquin, 273
Windsor, 250
Bean-tree starch, 658
Bed straws, 145, 101
Beech-nut, 307
cake, 308, 300
Beet, 417
Beneke's chloroform test of flour, 53
method for clearing, 172
Benzoie acid in fruit, 322
Bertholletia excelsa, 312
nohilis, 312
Beta wulgaris, 417
Bi-collateral hundles, 30
Bifora radians, 143, 150
Bindweed, black, 138, 145, 187
small, 145, 157
Black bindweed, 138, 145, 187
caraway, 150
currant, 362
preserves, 363
mustard, 180
pea, 247
pepper, 507
ground, 507
raspberry, 354
walnut, 208
Black-eyed bean, 247
Blackberry, 354
preserves, 356
Blue lupine, 255
Blueberry, 370
leaves, 480
preserves, 372
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Boleins bulbosus, 424
edulis, 424

Bomarea sp., 660

Bombacea, 211

Borassus flabelliformis, 667

Bordered pits, 42 "

Bran, barley, 86
maize, 71, 90
rice, 110
r}’cl ?9
wheat, 71, 06
Brassica Besseriana, 183
campestris, var. Sarson, 179, 187
dissecta, 189
Tberifolia, 187
juncea, 183, 188
Napus, 185
var, dichotonta, 188
nigra, 180
Rupa, 187, 419
rugosa, 188
Sinapistrum, 182, 184
Brazilian arrowroot, 665
Brazilnut, 312
Bread, 356
Breadfruit starch, 659
Breakfast foods, 70, 116
Brewers’ grains, 83
Brick tea, 452
Broad bean, 250 |
Bromeliacew, 305
Bromus secalinus, 130, 145
Broom corn, o7
Bryonia epigea, 670
Buckwheat, common, 132
flour, 137
grits, 137
hulls, 137
middlings, 137
products, 137
starch, 135, 654
Tartary, 1358
Buckwheats, 132
Bulbs, 43
Bundle zone, 4o, 45
Bundles, fibro-vascular, 22, 30, 39, 44, 45
bi-collateral, 39
collateral, 30, 44
concentric, 44
radial, 45
Buttercup, 145
fruit, 153
Butternut, 208
By-products, barley, 85
brewery, 38
buckwheat, 137
distillery, 58
glucose, 58
maize, 9O
oat, 116
rve, 79
starch, 5

INDEX. 687

Cadelle, 50
Cesalpinia pulcherrima, 436
Casalpinica, 233
Café de Rheims, 430
Caillettet's chloroform test of flour, 53
Cake, almond, 337
beechnut, 308, 300
black mustard, 182
Brazilnut, 314
candlenut, 222
cocoanut, 28¢
cottonseed, 200, 210
false flax, 191
hazelnut, 311
hemp-seed, 216
linseed, 204
madin, g
niger seed, 200
palm, 292
poppy sced, 226
pumpkin seed, 405
rape, 186
sesame, 210
sunflower, 197
white mustard, 170
Calamus root, 608
Calandra granaria, 50
aryza, 50
Calcium carbonate, 21, 27
oxalate, 21, 25, 26
Calendula officinalis, 627
Caltha palustris, 640
Calyx, 30
Cambiform cells, 22, g1
Cambium, 30, 40, 45
Camelina sativa, 186, 18g
Camellia leaves, 467
Camellia Japonica, 467
Thea, 452
Camera lucida, 7
Canada balsam in xylol, 8
mounting in, 19
Canavalia ensiformis, 258
obtusifolia, 258
Candlenut, 222
Cane sugar, 25
Canella bark, 597
Canella alba, 597
Canellacea, 597
Canna starch, 662
Canna Achiras, 662
coceinea, 662
edulis, 662
Indica, 662
Cannabinea, 212
Cannabis sativa, 212
var., I'ndica, 212
Canton cassia, 585
Cape saffron, 631
Caper fruits, 640
Capers, 639
German, 6yo
Capparidaces, 630
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Capparis spinosa, 639
Capraria biflora, 483
Caprifig, 386
Capsella Bursa-Pastoris, 186, 191
Capsicum annuum, 515 .
Jastigiatum, 315, 523
Jrutescens, 515, 523
mingmunt, 523
Caraway, 5355
black, 156
Cardamoms, 542
Cevlon, 547
Malabar, 542
Carob bean, 275
Carrot, 418
Carthamus tinclorius, 629
Carum Carvi, 555
Caruncle, 38
Carya alba, 209
olivafermis, 208
Caryophyllacee, 148
Caryophyllaceous seeds, 148
Caryoplyilus aromaticus, 632
Caryota urens, 667
Cassava starch, Gog
Cassia, 583
buds, 391
coffee, 262
ground, 00
lignea, 585
verd, 586 :
Cuassia ogeidentalis, 262, 436
sophora, 436
Castanca-nut, 312
Custanea crenute, 200
sativa, 209
var. Americana, 209
Castanospermum Australe, 658
Castor bean, 220
pomace, 169, 220
Cathartus advena, 30
gemallatus, 50
Catsup, tomato, 413
Cattle foods, condimental, 4a0
methods of exami-
nation of, 500
cereal, 57
methods of ¢examination
of, 50
Caucasian tea, 4871
Cayenne pepper, 523
ground, 525
Ceanothus Americanus, 383
Ceiba pentandra, 211
Celery seed, 565
Cells, accompanying, 29
cross, 62
guard, 29
palisade, 29, 206, 233
tube, 62
Cellulose, 20
Cembra pine, 316
Centaurea Cyanus, 145, 160

INDEX,

Ceratonia, 233
Stligua, 273
Cereal cattle foods, 57
methods of examination
of, 50
Cereals, 6o
microscopic characters of, 62
analvtical keys to, 63
Ceylon cardamom, 547
cinnamon, 593
Chaetochiva glavca, 124
wviridis, 118
Chafl, 58
Chalaza, 35
Chamanerium angustifolium, 439
Charlock, 146, 182, 184, 186
Chemical examination
of cereal cattle foods, 50
of condimental cattle and poultry foods,
500
of flour and meal, 54
of fruit products, 321
of oil-seed products, 170
of spices and condiments, 496
Chenopodiace, 415
Chenopodiuny ambrosioides, 483

‘Cherry, 341

leaves, 468
Mazzard, 341
Morello, 341
Chess, 130, 145
Chestnut, 260
meal, 301
shells, 302
starch, 3o1, 656
Chick pea, 2350
Chickasaw Lima bean, 258
Chicorgum Iniybus, 338
Chicory, 438
Chili sauce, 320
Chillies, 523
China bean, 247
cnssia, 585
Chloral hydrate solution, 8, 16
Cliloranthus tnconspicuns, 452
Chloroform, 8
test of flour, Beneke's, 53
Caillettet's, 53
Chlorophyl grains, 23, 29, 30
Chloroplasts, 23
Chlorzine iodine solution, 8
Chocolate, 442, 347
malt, 449
milk, 449
sweet, 448
Chatromyees maandriformis, 422
Chromatophares, 23
Chromoplasts, 24
Cicer arietinuent, 256
Cinnamomum aromaticunm, 585
Burmanni, 586
Cassia, 585, sot
Creylonicum, 393
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Cinnamomum Culilawan, 596
Lowreirii, 580
Cinnamon, 383, 500
Ceylon, 593
Citric acid, 320
Citron, 381
Citradlus vidgaris, 4o8
Citrus fruits, 376
Citrus Awrantivem, var. amara, 370
var. Sinensis, 376
medica, var. genuina, 381
var. Limon, 351
Clark’s phosphi cereal nervine coffee, 430
Clavice ps purpurea, 104
Clearing, 16
Cleavers, 161
Clove bark, 504
fruit, 637
stems, 636
Cloves, 632
ground, 636
Cab meal, g3
Cabnut, 309
Coca, 485
Cockle, 54, 145, 148
Cockle-wheat, 50
Coclocaccus, 205
Cocoa, 442
bean, 442
shells, 448
Cocoanut, 281
cake, 289
shells, 28y
shredded, 289
Cacos nucifera, 281
Coffea Arabica, 427, 466
Liberica, 438
Coffee, 425
acorn, 303
adulterants of, 435
artificial, 4335
actragalus, 264
cassia, 262
fig, 380
ground, 434
hulls, 434, 435
leaves, 466
Liberian, 438
Mogdad, 262
Soudan, 257
substitutes, 435
Swedish continental, 264
Cola acuminata, 452
Cold-water test of oil-sceds, 170
Collateral bundles, 30, 44
Collections, 11
Collenchym, 20
Collenchyma, 20, 21
Collin & Perrot's method for oil-seeds, 170
Colacasia antiquorum, 66g
Color test of flour, 52
Commercial powders, 14
starches, 643

Cﬂmgfm'm, 160, 193, 410, 438, 440, 619, 627,
26
Composite oil fruits, 193
Compound fruit, 33
microscope, 6
Condimental cattle and poultry foods, 499
methods of examination of, 500
Condiments, see Spices
Conium maculatum, 560
Convolvwlacew, 157, 065
“onvolvulus arvensis, 145, 157
Copernica cerifera, 292
Copper solution, ammoniacal, 1o
Coriander, 562
Cortandruom sativum, 562
Cork, 40
cells, 22
Corms, 43
Corn bran, 71
cob in wheat bran, 71
crisp, 0f
flower, 145, 160
Jerusalem, 104
Kaffir, 104
Pappy, 145
starch, g6, 651
Cornichons de cdprier, 640
Coralla, 30
Cortex, 39, 45
caryophyllata, 506
cassice caryophyllatus, 504
prmary, .40
secondary, 40
Corylus Americana, 309
Avellana, 300
Californica, 300
colurna, 300
Ppontica, 300
rostrata, 300
tubulosa, 309
Corypha cerifera, 2ga
Cotton seed, 205
and Kapok seed, comparative
table of, 2171
Sea Island, 205
cake, 200, 210
hulls, 210
meal, 210
Cotyledons, 38
Coumarin, 274
Coumarouna odorata, 273
appositifolia, 273
Cover-glasses, 7
Cow herb, 145, 151
pea, 247
wheat, 54, 145, 156
Cowberry, 360
Crab-apple, 324
Cracked corn, g5
Cranberry, 366
preserves, 370
Cream of wheat, 71
Cress, winter, 193
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Crocosma aurea, 632
Crocus sativus, 623
vernus, 623
Cross-sections, 12
Crown allspice, 326
Crucifere, 172, 419
Cruciferous Seeds, 172
analytical key to, 174
microscopic characters of,
172
Crude fiber method, 17, 6o
Crystal clusters, 26
fibers, 42
roscttes, 24, 25, 20
sand, 26, 27
Crystals, single, of calcium oxalate, 23, 26
Crystalloids, 24
Cubebs, 513
Cucumber, 406
Cucumis Melo, 407
sativus, 406
Cucurbit fruits, yor
Cucurbita maxima, 406
Pepo, 4oz
Cucurbitacew, 401, 670
Cumin, 560
Cuminum Cyminum, 560
Cuoxam, 10
Cup nuts, 209
Cuprammonia, 10
Cupulifere, 209
Curcuma starch, 662
Curcuma angustifolia, 662
Leucorrhiza, 662
longa, 6oz, 662
rubescens, 662
Zedoaria, 603, 603
Currant, black, 362
red, 357
Currants, Xanti, 382, 385
Cuticle, 21, 29
Cutin, 21
Cyeas revoluta, 667
Cydonia vidgaris, 331
Cyperus esculentus, 436
Cystoliths, 27
Cytoplasm, 23

Dandelion, 340
Darnel, 54, 125, 145, 146, 251
fungus layer in, 129

Date, 390

stones, 392
Datel-Kaffee, 435
Daucus Carota, 158, 418
Decorticated white pepper, 500
Delphinium Consolida, 145, 155

Staphysagria, 155

Deutscher Kaffee, 436
Diastase method for flour, Steinbusch’s, 55
Dicypellium caryaphyllatum, 504
Dill, 564
Dioscoracea, 663

INDEX,

Dioscorea aculeata, 663
alata, 663
glabra, 663
Japonica, 663
nummularia, 663
sativa, 663
tomentosa, 663

Dipteryx odorata, 273

Biscomycetes, 422

Dissected mustard, 18g

Dolichos bulbosus, 670
Lablab, 249
Sinensts, 247

Domkafiee, 436

Dracontivm sp., 669

Drupes, 323

Ducts, 22

Dulcit, 25

Durrha, 104

Dutch case-knife bean, 240

Dyes, in jam, etc., 320

East India arrowroot, 662
Lchocerus cornutus, 50
maxiflasus, 5o
Egyptian bean, 249
Elweis Guineensis, 200
LElaphomyces, 422
Elements, principal histological, 20
Llettaria Cardamomum, 542, 547
FLleusine Coracana, 690
Embedding, 13
Embryo, 35, 38, 61
suc, 35
Emergences, 29
Emmer, 75
Endocarp, 335
Endodermis, 39, 45
Endosperm, 35, 38, 61
Endothecium, 31
English plantain, 763
walnuts, 206
Ephestia Kuelniella, so
Epicarp, 35
Epidermal tissues, 21
Epidermis, 21, 29, 30, 30, 45
Epilobism angustifalium, 459
hirsutim, 461
Episporium, 165
Ergot, 51, 54, 164
Ericacea, 366, 480, 481
Ericaceous fruits, 360
Eriodendron anfractuosum, 211
Eritrichinm gnaphaloides, 483
Eruca sativa, 18¢
Ervum Lens, 245
Erysimum orientale, 186, 192
Erythronium Dens-canis, 670
Erythroxylacea, 485
Erythroxylon Coca, 485
Essential oils, 26
Ether, 8
Eugenia caryophyllata, 632
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Euphorbiacee, 220, 222, 604 Flower, 30 !
FEuropean walnut, 205 Flowers used as spices, 622
l':v{:—pieces, 6 Feniculum capillaceom, 552
E dilee, 552
Faba vulgaris, 250 Foramen, 35
Facing of tea, 456 . Force, 70
Fagacee, 477 Fould's wheat germ, 71
Fagi-Kadsura-akebi, 478 Foxtail, green, 118
Fagopyrum esculentum, 132, 654 vellow, 124
Tartaricum, 132, 138 Fragaria Chiloersis, 343
Fagus ferruginea, 307 vesca, 343, 471
sylvatica, 307 Virginiana, 343
False flax, 186, 18y Frank-Kalfee, 430
Fats, 26 Franzosischer Kaflee, 30
Fatty oils, 26 Fraxinus sp., 462
Fécule de pia, 667 French truffles, 420
Fehling solution, 8§, 23 Fritillaria im perialis, 670
Feigenkafiee, 436 Frucht-Kafice, 436
Fennel, 552 Fruit, 33, 319
Fenugreek, 250 aggregate, 33
Ferric chloride, 8 : compound, 33
Fibro-vascular bundles, 22, 30, 30, 44, 45 multiple, 33
bi-rollateral, 30 products, 310
collateral, 30, 44 methods of examination of,
concentric, 44 320
radial, 45 Fruits, citrus, 376
Ficus Carica, 386 cucurbit, go1
Field pennycress, 192 ericaceous, 360
Fig, 386 miscellaneous, 382
coffee, 389 myrtaceous, 520
goat, 386 TOSaceous, 323
preserves, 350 saxifragaceous, 357
Figine, 436 solanaceous, 410, 515
Filbert, 300 umbelliferous, 549
Fischer Mills malt coffee, 436 analytical key to, 551
Fixative, Meyer's albumen, 17 comparative histology
Flag, sweet, 608 of, 5350
Flour, 49 Fungi, 164, 410
acorn, 300 edible, 410
almond, 337 Fungus impurities of grain, 164
banana, 303 Jayer in darnel, 129
black mustard, 182 Funiculus, 35
buckwheat, 137
prepared or self-raising, | Galangal, 606
137 Guafivm A parine, 161
cryptogamic contaminations of, 51 Gardenia florida, 452
insect and other animal contamina- | Gasteromyceles, 420, 422
tions of, 50 Gaylussacia resinosa, 373
maize, 93 German millet, 118
methods of examination of, 52 rape, 187
mineral adulterants of, 49 soda coffee, 435
e, 243 truffles, 421
rice; 110 Gesneracea, 2175
rve, 70 Gherkin, 406
wheat, 70 Ginger, 500
white mustard, 159 exhausted, 6oz
Flour-heetle, broad-horned, so ground, 6oz
confused, 50 slands, 21, 29, 30
rust red, so Globoids, 25
slender-horned, 50 Gloriosa superba, 670
small eyed, so Glucosides, 25
Flour-mite, common, 50 Glumes, empty, 6o
frathered, 50 flowering, 6o
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Gluten feed, o6
meal, 6
test of flour, 54

Glycerine, g

gum, g

Jelly, Kaiser's, g -

mounting in, 18

mounting in, 18
Glycine hispida, 248
Guoat fig, 386
Gonidia, 164
Gooseberry, 363
_ preserves, 365
Gossypium arboreum, 205

barbadense, 205, 210
herbaceum, 205
Graham flour, 7o
Grain, 49
Grain-beetle, European, so
red or square-necked, 50
saw-toothed, 5o

Grain-o, 436
Graminee, 6o, 670
Grape, 382
pomace, 385
preserves, 385
Green foxtail, 118
Grits, barley, 85
buckwheat, 137
spelt, 15
wheat, 71
Gromwell leaves, 458
Ground substance, 24
Guarana, 451
Guard cells, 29
Guiana arrowroot, 305, 663
vanilla, 578
Guizotia Abyssinica, 200
oleifera, zon
Gums, 25
Guzerat Raps, 187
Gymnosperms, wood of, 42
Gyromitra esculenta, 422

Hadrome, 22
Hairs, 21, 29
root, 45

Hairy vetch, 252
Hanover truffles, 421
Hazelnut, 309

cike, 311

meal, 311

shells, 311
Hebebrand's method of clearing, 172
Helianthus annuns, 104

tuberosus, 416

Helvella Infula, 423
Hemp, Indian, 212
Hemp-seed, 212
Herb patience, 622
Hickary-nut, 200
Hilum, 33
Histological elements, principal, 20

INDEX,

Hollow seed, 159
Homeopathischer Gesundheitskaffee, 433
Hominy, g6
feed, 9o
Honey, 32
pollen grains in, 32
Hordeuwm sativem, So
var. distichon, 8o
var. hexastichon, 8o
var. wulgare, 8o
Horse bean, 250
Horse-chestnut starch, 657
Huckleberry, 373
reserves, 376
Hulls, bean, 230 il
black mustard, 183
buckwheat, 137
coffee, 434, 435
cottonseed, 210
oat, 116
rice, 110
white mustard, 179
Hungarian grass, 118
Hyacinth bean, 239
Hydrangea leaves, 476
Hydrangea Horlensia, 476
Hydrochloric acid, concentrated, g
method for flour, 55
Hygienischer Nihrkaffee, 433
Hymenium, 420
Ymenovmyeetes, 423
Hypoderm, 35
Hypoxidew, 650
Hypoxis aurea, 650
Hyssop, 615
Hyssopus officinalis, 615

Tlex Paraguariensis, 483
Ilicium religiosum, 571, 572
weruom, 5660

Impregnating and tmbedding, 13
Indian cassia, 586
colza, 187
hemp, 212
mustard, 183, 188
rape, 179
brown, 188
Integuments, 35
Inulin, 25
Inversion, 25
Invert sugar, 25
Todine in potassium iodide, g
tincture,
treatment with, 16
I pomaa Batatas, 663
Iridacee, 623, 632
Ivory-nut, 293
Polynesian, 295

Jack bean, 258

Jamaica pepper, 526
Jamaika-Katlee, 435
Jambosa Caryophyllus, 632
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ams, 31
: gd?.tl:cmnis of, 319
Japanese potato, 413
Jasminum, 452
Javelle water, o .
Jerusalem artichoke, 416
corn, 104

Jesuit tea, 483
Juglandacew, 2035
Juglans einerea, 208

nigra, 208

regia, 205
Juniper berry, 582
Juniperus communis, 582

Kaffir carn, 104
Kaiser’s glycerine jelly, 9
Kanon, 4335
Kapok seed, 211

and cottonseed,

table of, 21t

Kentucky coffee, 436
Kneipp malt coifee, 436
Kala nut, 452
Kraft-Kaffee, 436
Kraunhia floribunda, 475

comparative

La Guayra vanilla, 578

Labarraque’s solution, o, 16

Labiater, 415, 610, (irz, 613, 615

Lablab vulgaris; 249

Labrador tea, 483

Lagerheim’s test for benzoic acid in fruit

products, 321

Lambert's hazelnut, 300

Lantana pseudotiea, 483

Lapisma saccharing, 50

Lardizabalaces, 478

Larkspur seed, 145, 155

Latex tubes, 23

Lauck’s method for flour, 56

Lawracer, 570, 585, 504, 616

Lawras cinnamomum, 586

nobilis, 579, 616

Leaf, 28

Leaves used as spices, 610

Ledum, 483

Legumes, 233
analytical key to, 235
chief characters of, 235
microscopic characters of, 233

Leguminosa, 233, 670

Lemon, 381

Lens esculenta, 245

Lentil, 245

Leontodon Taraxacum, 440

Lepidium campestre, 186, 192
salivun, 192

Leptome, 22

Leucaplasts, 23, figgq

Liberian coffee, 438

Lie tea, 456

Lignin, 20, 21

693

Liliaeear, 670
Lima bean, 241
Linacew, 202
Linseed, 202
cake, 204
meal, 204
Lirwm usitatissimum, 202
Lithospermum arvense, 145
officinale, 458
Lodicules, 61
Lolium temulentum, 1235, 145, 146, 251
Long cardamom, 547
pepper, 511
Longitudinal sections, 12
Louse seed, 1355 :
Lucerne, 263
Luping, blue, 255
yellow, 253
white, 255
Lupinus albus, 253
angustitolins, 255
Var. Inrmsprrmus. 255
lutews, 253
Lycopersicunt esenlentum, 410
Lyperia crocea, 631

Macaroni wheat, 65
Macassar nutmeg and mace, 540
Mace, Bombay, 540
Macassar, 540
true, 531
Macerating mixture, Schultze's, 1o
Maceration, 15
Madi, 197
Madia seed, 197
Madia sativa, 197
Magneliacer, 566
Maize, S6
bran, o6
cake, g6
cob, 52, 96
flour, ot
meal, g5
products, g5
silk, 626, 632
smut, 166
starch, g3, 651
white milo, 1oy
yellow milo, 104
Malabar cardamom, 542
cassia, 586
Malt, 84
chocolate, 449
sprouts, 86
Malta-Vita, 7o
Malto-Kaffee, 436
Malvacea, 205, H70
Mangifera Indica, 66g
Mangp, 66g
Manihot aipi, 664
wtilissima, 664
Mannit, 25
Maple leaves, 477

SCANNED AT VIRGINIA POLYTECHNIC INSTITUTE AND STATE-UNIVERSITY



094

Maranta starch, 6o
Maranta arundinacea, tbo
Marantacew, 6bo, 662
Marigold llowers, 626, 27
Marjoram, 612 .
Marmalades, 319
adulterants of, 319

Mirsh marigold, 640
Maré, 483
Meadowsweet leaves, 473
Meal, bean, 239

chestnut, jor

corn and cob, 06

cottanseed, 210

hazelnut, 311

linseed, 204

maize, 03
Meal-worm, dark, so
vellow, 50

Mechanical stage, 7
Medicago sativa, 2605
Medullary rays, 40
Melampyrum arvense, 54, 143, 156
Melilotin Kafiee, 4360
Melilotus officinalis, 373
Melitose, 25
Mesocarp, 35
Mesophyl, 20
Methods of examination, 12
of cereal cattle foods, 59
of flour, 52
of fruit products, 320
of meal, 52
of oil-seed products, 170
of powders, 14
of spices and condiments, 496
Metroxylon Koensgii, 667
lieve, 067
Rumplrii, 667
Sagus, boy
Mexican allspice, 526
tea, 483
Meyer's albumen fixative, 17
Micrometer, 6
Micrapyle, 37
Microscape, compound, 6
simple, 6
Microscopic examination
of cereal cattle foods, 50
of condimental cattle and poultry foods,
501
of flour and meal, 54
of fruit products, 321
of vil-seed products, 171
of spices and condiments, 407
Microscopic mounts, 11
Microtome, 7
Middlings, buckwheat, 137
rye, 79
wheat, 71
Milk chacolate, 449
Millet, common, 116
German, 118

INDEX.

Millon's reagent, 9, 24
Mogdad cofiee, 262, 436
Mokara Kaffee, 436
Mokka-Sakka-Kaffee, 435
Monarda, 483
Moracew, 464
Muorchella esculenta, 422
Morels, 422
Morphology of organs, 28
Morus atba, 404
nigra, 464
Moth, Angoumois grain, 50
Indian meal, 50
meal snout-, 50
Mediterranean flour, 50
wolf, 50
Mountain ash-leaves, 463
Mounting in Canada balsam, 19
in glycerine, 18
in glycerine jelly, 18
in water, 15
permanent, 18
Mounts, microscopic, 11
Mulberry leaves, 464
Multiple fruit, 33
Musa sapientum, 303
var. paradisiaca, 393
Musacea, 303
Mushrooms, 423
Muskmelon, 407
Mussaende Kaffee, 435 .
Mustard, black, 180
brown, 180
dissected, 189
flour, black, 182
hedge“fg s 4
, 186, 191
hulls, hlack, ?3 3
white, 179
Indian, 183, 188
prepared, 183
Sarepta, 182, 183
treacle, 186, 192
white, 176
yellow, 176
Mycelium, 164
Myrica acris, 570
Myristica argeniea, 531, 540
fragrans, 531
Malabarica, 540
M yristicacea, 531
Myrosin cells, 179
Myrtacea, 312, 526, 632
Myrtaceous fruits, 526
Myrtus Ugni, 483

Naphthylene-blue method for flour, Vogl's,
6

Nassturtium. 640

Nectaries, 30

Negar-Kafiee, 436

Negundo fraxinifolivm, 477

Nelumbiwm speciosiem, 670
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New era hygienic coffee, 436
New Jersey ted, 483
Nieotiana rustica, 486
Tabacum, 486
Nigella arvensis, 156
Niger seed, 200
Nitric acid, concentrated, g
Nose-picce, 6
Nucellar tissue, 38
Nucellus, 35
Nucleus, 23
Nut-oil, 300
Nutmeg and mace, 531
Macassar, 540
true, 531
Nutritive layer, 37
Nuts, 281
miscellaneous, 312
Nympheacea, 670

Ouk leaves, 477
Oatmeal, 116
Ouats, 111
rolled, 116
Objectives, 6
(Enotheree, 450
Oil seeds, 169
composite, 193
cruciferous, 172
methods of examination of, 170
miscellaneous, 202
products, 160
il solvents, treatment with, 16
Old grist-mill entire-wheat coffee, 436
Olea Europea, 226
Oleacee, 226, 462
Olive, 226
Olive-oil, g
Olive-pomace, 228
Olive-stones, 228
Orange, 376
marmalade, 3%0
Orchidacee, 573
Oriental pear, 328
Origanum Majorana, 610
Oryza sativa, 105, 652
Osmanthus fragrans, 452
Oswego tea, 483
Ovary, 32
Ovules, 32, 35

Pachira aquatica, 670
Pahara rai, 188

Palisade cells, 29, 233
Palm cake, 292
fruits, 281
nut, 290
vanilla, 570
Palme, 281, 300
Palorus ratzeburgi, 50

INDEX. 695

Pancratium maritingom, 669
Panicum miligcenm, 110, 124
Papaver Rhaas, 145, 627
somniferum, 223
Papaveracew, 223
Papilionacee, 233, 475, 040
Paprika, 515, 020
ground, 522
Para-nut, 312
Paraffine, g
bath, 7
impregnating and embedding with,
13
Paraguay tea, 483
Paraphyses, 422
Parenchyma, 20
spongy, 20, 21
Parkia Africany, 257, 436
biglandulosa, 670
higlobosa, 436
Roxburgii, 257
Paullinia sorbilis, 431
Pea, black, 247
chick, 256
COW, 247
field, 242
flour, 243
garden, 242
Peach, 337
compared with almond, plum, and
apricot, 336
preserves, 330
Peanut, 266
butter, 272
cake, 272
shells, 272
Pear, 328
oriental, 328
Pearl barley, 85
Pecan nut, 208
Penny-cress, 186, 192
Peonia, 627
Pepper, 502
black, 507
Cayenne, 523
Jamaica, 520
long, 511
red, 523
shells, 509
while, 508
decorticated, s0g
Peppergrass, wild, 186, 192
Perennial roots, 45
stems, 40
Pericambium, 45
Pericarp, 33, 61
Pericycle, 40, 45
Perigord truffles, 420
Perisperm, 35, 38
Permanent mounting, 18
Phaseolus lunatus, 241
VAr. macrocarpus, 241
multiflorus, 240
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Phaseolus Mungo var. glaber, 241
vulguris, 238
Phellogen, 40
Phloem, 22, 40
Phanix dactylifera, 300
Phoroglucin tincture, g
Photomicrographic apparatus, 7
Phatosynthesis, 28
Pliytelephas macrocarpa, 293
Picric acid, 25
Pimenta acris, 526
officinalis, 526
Pimpinella Anisum, 358
Pine-nut, 316
Pineapple, 395
Pinus Cembra, 316
var. Siberica, 316
Pinea, 316
Piper Cubeba, 513
langum, 51
nigrum, 502
officinarum, 511
Piperaceous fruits, 502
Piperacen, 502
Pistacia vera, 315
Pistachio-nut, 315
Pistil, 32
Pisum arveise, 242
Saliuin, 242
Pith, 40, 45
Pits, bordered, 42
Plantaginacea, 163
Plantago lanceolata, 163
major, 163
Plantain, 163
Plasmon Chocolate, 440
Plastids, 23
Plodia inter punctella, 5o
Plum, 340
compared with almond, peach, and
apricot, 336
preserves, 341
Plumule, 38, 61
Poivre de Thebet, 526
Polarizing apparatus, 7
Pollen, 31, 32, 35
Sacs, 31
tubes, 335
Polygonacew, 132, 621
Polygonaceous seeds, miscellaneous, 144
Polygonum aviculare, 146
Convelvulis, 138, 145, 187
Polynesian ivory-nut, 295
Polyporee, 424
Pomace, apple, 327
castor, 220
grape, 385
olive, 229
Pomes, 323
Poppy seed, 223
Portland arrowroot, 666
Postum cereal coffee, 436
Potash solution, g

INDEX

Potassium iodide, iodine in, g
Potato, 414 .
Japanese, 415
starch, 659
Poultry foods, condimental, 409
Powders, commercial, 14
examination of, 14
Preliminary examination
of cereal cattle foods, 59
of condimental cattle and poultry foods, z00
of flour and meal, 52
of fruit products, 320
of oil-seed products, 170
of spices and condiments, 496
Prepared mustard, 183
Preservatives, chemical, in jam, ete,, 320
Primary cortex, 4o
Proteids, =2
Protoplasm, 23
Prunus amygpdualus, 333
Armeniaca, 339
avium, 341, 468
CErasus, 341
domestica, 340
Persica, 337
spinosa, 460
triflora, 330
Psalliota campestris, 423
Psoralia glandula, 483
Prerocar pus samtalinus, 44
Pueraria Thunbergiana, 670
Pulps, 15
Pumpkin, 402
Prmica granatum, 626
Pyralis farinalis, 50
Pyrenomycetes, 164
Pyrus Aucuparia, 463
baccata, 324
communis, 328
Cydonia, 331
Mualug, 323
Sinensis, 128

Cueensland arrowroot, 662
Quercus Cerris, 302
pedwnculuta, 302, 477
pubescens, 302
sessiliflora, 303, 477
Quince, 331

Radial bundles, 45
Radicle, 38, 61
Radish, wild, 186, 193
Rafinose, 25
Raisins, 385
Ralston cereal coffee, 436
Ranunculacew, 152, 6yo
Ranunculaceous seeds, 152
Ranunculus arvensis, 145, 153
Rape, brown Indian, 188
common, 185
German, 187
palai, 188
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Rap.fmu.ns Raphanistrum, 186, 103
Raphe, 33, 37
Raphides, 26, 2
Raspherry, blacic, 354
red, 340
preserves, 333
Rations Cofiee. 430
Razor, section, 6
Reugent bottles, 7
Reagents, 3
treatment with, 15
Receptacle, 33
Red currant, 357
preserves, 301
raspberry, 340
preserves, 353
sandalwood, 44
Reserve material, 36, 37
Resins, 26
Respiration, 28
Reticulated vessels,
Rhizomes, 43
used as spices, 500
Rhizopogoit, 422
Ribes Grossularia, 303
nigrum, 362
oxvacanthoides, 303
rubrum, 357
105
bran, 110
hy-praducts, 110
flaked, 110
flour, 110
hulls, 110
mill-products of, 110
starch, rog, 110,652
Ricinus communis, 220
Rolled wheat, 70
Root, 44
annual, 44
hairs, 435
stalks, 43
Roots and tubers used as vegetaliles, g14
Roots, perennial woody, 45
Rosa canina, 342, 470
Rosacea, 323, 403, 408, 470, 471, 473
Rosaceous fruits, 323
Rose fruit, 342
leaves, 470
Rowan leaves, 463
Rubiacew, 161, 427, 466
Rubus fructicosus, 354
Idwus, 340
nigrobaceus, 354
var. salivus, 354
ocetdentalis, 354
strigasus, 349
villosus, 354
Rumex acetosa, 622
patientia, 622
seilatus, 621
Rutacer, 3706
Rye, 77

22

Rice,

INDEX:

Rye bran, 70
by-products, 79
flour, 79
middlings, 70
products, 78, 70
smut, 160

Sacca-Coflee; 434
Saccharine, 320
Safflower, 626, 629
Saffron, 623
cape, 631
South African, 632
Safranin solution; 10, 17
Sage, 610
Sageretia theezans, 483
Sago, 667
Sagus levis, 667
- Rumphii, 667
Saigon cassia, 586, 580
Saladinkaffee, 436
Salicylic acid, 320
Saltx, 461
Salvia officinalis, 1o
Sandalwood, red, 44, 405, 626
Sapindacea, 451, 057
Saponaria officinalis, 151
Vaccaria, 151
Sarepta mustard, 182, 183
Sarkogen layer of strawberry, 343
Satureja hortensis, 613
Savory, 613
Sawdust, 42, 43, 52
in flour, 52
Saxifragacen, 357, 476
Saxifragaceous fruits, 357
Scalariform vessels,
Scarlet runner, 230
Schimper's scum method for flour, 535
Schultze's macerating mixture, 1o
Schwreitzer's reagent, 10
Sclerenchyma, 20
fibers, 21
Scleroderma vulgare, 422
Selerotium, 164
Scolymus Hispanicus, 626
Screenings, 145
European, 146
American, 146
uses of, 146
examination of, 148
botanical analyses of, 147
Serophulariacew, 156, 458, 631
Scum method for flour, Schimper’s, 55
Scutellum, 61
Sea Island cotton, 203
Secale cereale, 77
Seclvium edule, 670
Secondary cortex, 40
Section razor, 6
Sections, cross-, 12
longitudinal, 12
surface, 13

a2
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Sections, tangential, 12
Seed, 33
coat, 37
Sesame, common, 217
black, 219
Sesumum Indicum, 217
radiatunt, 219
Setaria glanca, 124, 560
ltalica, 118
panis, 118, 124
viridis, 118, 560
Shaghark hickory-nut, 299
Shells, acorn, 306
almond, 337
Brazil-nut, 314
chestnut, 302
cocod, 448
cocoanut, 289
hazelnut, 311
nutmeg, 530
pepper, 300
walnut, 297
Shepherd’s purse, 186, 191
Shikimi, 572
Shredded cereal coffee, 336
cocoanut, 28g
wheat, 70
Sicyos angulatus, 650
Sieva bean, 241
Sieve plates, 23
tubes, 22, 23
Silica, 21, 27
Silk-cotton trees, 211
Silvanus surinawiensis, 30
Simple micrascope, 6
Sinapis alba, 176
arvensis, 184, 186
dissecte, 18g
glauca, 187
Sisymbrium officinale, 186, 191
Sophia, 186, 191
Sitotroga cerealella, 50
Slides, 7
Sloe leaves, 469
Smut, maize, 166
Tve, 166
Smuts, 51, 165
loose, 166
stinking, 166
Snap beans, 238
Soapwort, 151
Soda solution, 10
Sodium benzoate, 320
phosphate, solution, 25
Soja bean, 248
Soja hispida, 238
Solanacee, 410, 414, 486. 515
Solanaceous fruits, 410, 515
Solanum Lycopersicun, 410
tuberosum, 414, 659
Sorbus Aucuparia, 463
Sorghum Caffrorum, o7
cernuum, 07

INDEX

Sorghtm nigrum, o7
saccharatum, 97
vulgare, g7

Sarrel, 621

Soudan coffee, 257, 436

South African saffron, 632

Soy bean, 248

Spanish bean, 240

hazelnut, 300
Pepper, 515

Spartium scoparium, 640

Spelt, 73

Spergula arvensis, 152

Spermoderm, 33, 37

Sphacelia, 164

Spices and condiments, 403

adulterants of, 404
inorganic, 493
organic, 403
analvtical kev to, 408
identification of, 403
impurities of, 403
insects in, 404
methods of examination of, 406
chemical, 500
microscopical, 307
preliminary, 500
weed seeds in, yo4

Spirea Ulmaria, 473

Spiral vessels, 22

Spongy parenchyma, 20, 21

Spring morel, 422

vetch, 251

Sprouted grain, 51

in flour, 51

Spurrey, 152

Squash, 4o

Stachys Sieboldii, 415

Stachytarpheta Jamaicensis, 483

Staining, 17

Stamens, 3¢

Standard materials, 11

Star-anise, 566

compared with Shikimi, 572

Starch, arum, 666

banana, 305, 646, 658

bean, 239

bean-tree, 658

bread-frut, 650

buckwheat, 135, 634

canna, 662

cassava, 664

chemical composition of, 643
chestnut, 3o1, 656

cockle, 150, 646

Colchicum, 646

commercial, 648

curcuma, 646, 662
Erythronium, 669, 670
Euphorbia, 646

feed, ofh

formation of, by leucoplasts, 643
horse-chestnut, 657

CANNED AT VIRGINIA POLYTECHNIC INSTITUTE AND STATE UNIVERSITY:



INDEX.

Starch, Iris, 646
leguminous, 235, 6353
maize, Q5 646, 051
maranta,
microscopic characters of, 643
examination of, 649
miscellaneous, 60y
oat, 115, 646
pea, 243, 646
potato, 414, 646, 650
process of manufacture of, 648
reserve, 043
rice, 100, O52
sago, 640, 667
sweel-potato, 663
Tacca, 607
transitory, 643
uses of, 649
wheat, 69, (46, 647, 633
with polarized light, 647, 648
yam, 663
Starch grains, aggregates of, 645
crystalline structure of, 648
deportment  with  polarized
light of, 647, 648
forms of, fiys
hilum of, 647
size of, 6yb
Starches, analytical key 1o, 64g
cummurcial, 043
Stegmata, 23, 2
Steinbusch’s dlastawu method for flour, 535
Stele, 40
Stem, 38
Stems, aerial, 30
annual, 39
perennial, 40
subterranean, 43
Stephanie-Kaffee, 436
Sterculiacem, 342

Stigma, 32
Stomata, 21, 29
wilter, 20

Stone cells, 21
Strawberry, 343
leaves, 471
preserves, 348

String-beans, 238
Siyle, 32
Suberin, 21
Suhstage condenser, 7

diaphragm, 6
Subterranean stems, 43
Sugar, cane, 25

invert, 25

Sugar sorghum, 103
Sugars, 23
Sulphuric acid, 10
Sultan coffee, 434
Sunflower, 104
Surface sections, 13
Swedish continental coffee, 264, 436
Sweet chocolate, 448

Sweet clover, 2?3

flag, 608

vernal grass, 273

woodruff, 273
Sweet-potato starch, 665
Swiss pine, 316

Tacca starch, 667
Tacca pinnatifida, 667
Tuccacew, HO7
Tahiti arrowroot, 667
Tangential sections, 12
Tannins, 26
Tare, 251
Tarragon, 617
Tartary buckwheat, 138
Tea, 452
Caucasian, 481
exhausted, 456
facing of, 450
foreign leaves in, 437
fruit, 4356
lie, 436
mineral make weights in, 456
stermns, 450
substitutes, miscellaneous, 483
Tenebrio molitor, 50
obscurus, 50
Tenebroides manritanicus, 50
Ternstramiuce, 452, 467
Testa, 37
Theobroma Cacao, 442
Thiaspi arvense, 186, 192
Thyme, 615
Tleymus vulgaris, 615
Tik, tikor, or tikur flour, 662
Tilletia Caries, 166
Jutens, 166
kevis, 166
Secalis, 166
Tritici, 166
Tinea granella, 50
Tissues, 20
epidermal, 21
Tobacco, 486
Tobasco allspice, 526
Tomato, 410
catsup, 320, 412
Tonka bean, 273
Tonguin bean, 273
Tori, 188
Tous les mois arrawroat, 662
Trachewm, 22
Tracheids, 22
Transpiration, 28
Travencore starch, 662
Treacle mustard, 192
Treatment with iodine, 16
with ail solvents, 16
with reagents, 15
Tribolinm confusim, 50
ferrugineum, so
Trigonetla Fanum-Grecum, 259
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Triticum monococcium, 76
Polonicum, 65
sativem var. compacium, 65
var. dicoccum, 75
var. durnum, 63
var. Spelia, 73, 653
var. turgidum, b3, 653
vir. vulgare, 63, 653
Tritonia awrea, 632
Tropeolacec, 640
Tropeolum majus, 640
Truffles, 420
false, 422
French, 420
German, 421
Hanover, 421
Perigord, 420
white, 422
Tuber astivim, 421
brimale, 420
var. Melanospermion, 420
Tubers, 43, 414
used as vegetables, 41y
Turkish hazelnut, 309
Turmeric, oz
Turn-table, 6
Turnip, 419
Turpentine, 10; 24, 26
Tylenchus scandens, 50
Typhoniun sp., 660

Umbellifera, 158, 159, 418, 549
Umbelliferous fruits used as spices, 549
analytical key to, 551
comparative histology of, 550
Ungarischer Kaffee, 430
Ustilaginem, 105
Ustilago Avene, 166
Carba, 166
Maidis, 166
nuda, 166
Tritici, 166
Zewr, 160

Vaccaria parviflora, 145, 15T
Vaeccininm Arctosta phylos, 481
Canadense, 370
macrocarpon, 366
Myrtillus, 370, 480
Pennsylvanicum, 370
Vitis-Idwa, 366
Vanilla, 573
extracts, 578
ground, 577
Vanilla aromatica, 574
(_mymmrs:s. 573, 578
inodora, 574
palmarum, 573, 579
planifolia, 573
pompona, 573, 578
Vanillon, 578
Vascular bundles, 22
Vegetables, 401

INDEX.

Vessels, annular, 22
reticulated, 22
scalariform, 22
spiral, 22
Vetch, hairy, 252
spring, 251
winter, 252
Vicia Faba, 250
liirsuta, 252
sativa, 251
villosa, 252
Vigna ‘atjang, 247
Sinensts, 247
Vitacew, 382
Vitis astivalis, 382
Labrusea, 382
rotundifolia, 382
vintfera, 382
var. apyrena, 382
Vogl's alcohol -h\druchlurit acid test of
flour, 5
naphthy}en&blu-. method  for flour,

50

Waage's test of mace, 541
Wilnut, black, 298
Engh-».h 206
European, 2g3
Walnuts, 205
Watch-glasses, 7
Waler stomata, 29
Witermelon, 408
Wax, 21
Wix-palm, 292
Wases, 26
Weed seeds, 143
Weevil, granary 50
rice, 50
West India arrowroot, 660
Wheat; 65
bran, 71,66
dwarf, 63
English, 65
flour, j0
germs, 71
glass, fig
gluten, 7a
hard, 63
hedge-hog, 65
macaroni, 63
middlings, 71
one-grained, 76
Polish, 65
SCTeenings, 145
spring, b5
starch, 053
winter, 65
worm, 50
White lupzm. 255
mustard, 176
pepper, _-,08
decorticated, 500
ground, 508
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Whole-wheat products, 70
Wild carrot, 158
oats, I1I, 145, 140

Williams” arrowroot, 667
Willow herb leaves, 459

leaves, 461
Windsor bean, 250
Winter cress, 103

vetch, 252

wheat, 65
Wistaria leaves, 475
Wistaria Sinensis, 475
Wood, 22, 38, 41

of Angiosperms, 42

of Gymnosperms, 42
Woods, microscopic characters of, 42
Woody roots, 45

stems, 40
Wormwood, 619
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Xanti currants, 382, 385
Xylem, 23, 40
Xylol, 10, 26

balsam, 19

Yam starch, 663

Yellow foxtail, 124
lupine, 253

YVucca gloriosa, 670

Zea Mays, 86, 632, 651
Zedoary, 6os
Zest, 0
Zingiber Cassumunar, 6oo
Cemenda, 6oo
Mioga, 6oo
afficinale, 500
Zerumbet, oo
Zingiberacee, 542, 509, Ooz2, Gos, 606, 662
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