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5
by this amount of earbon would be 5 x 0.0835 = 0.2088

g. Thus, from the oxidation of 55.8 g of iron as
ferrous earbonate, there would be formed 106.8 g of
ferric hydrate but only 0.209 g of organic cell mate-
rial. The ratio of the weight of ferrie hydrate to the
weight of the cell material would thus be about 500
to 1. It is-apparent that if these bacteria have effi-
ciency similar to that of other autotrophic bacteria
the organic cell material will be only a fraction of the
amount of ferric hydrate produced by the oxidation
process. Even assuming that the organic cell mate-
rial contains a greater percentage of water than that
of the ferric hydrate and allowing for the higher spe-
cific gravity of the ferric hydrate, the volume of the
ferric hydrate would be many times as great as that
of the organic portion of the bacterial cells.

It can be concluded that, under conditions where
iron bacteria grow at the expense of the oxidation of
ferrous iron, there will be large quantities of ferric
hydrate. It seems unreasonable, therefore, to con-
clude that an organism is an iron bacterium or that
it is developing as an iron bacterium unless there are
far greater quantities of ferric hydrate than cell sub-
stance in the accumulated materials resuItirlg from
bacterial growth. There is reason to conclude that,
where most of the produets of bacterial development
consist of organic filamentous material and slimes,
these bacteria have grown wupon orgamc matenals
instead of ferrous iron.

There are so many reactions whereby iron may ‘be
precipitated from iron-bearing ‘waters without the
participation of iron bacteria!® 4 that it is. not safe
to conclude upon the basis of iron preclpltatlon ‘alone
that the product was formed by iron bacteria. Al-
though not-all cases of iron precipitation from water
are due to iron bacteria, an abundant precipitation
_of ferric hydrate can be expected whenever the iron
bacteria are growing by the ox1dat10n of morgamc
ferrous compounds.

‘There is great need for additional information on
the physiology of the iron bacteria, and until more
specific information is obtained it seems certain that
there will be confusion regarding the identity of iron
bacteria, the reactions with which they are concerned
and their importance in the precipitation:of ferric
hydrate in nature. '

Roperr L. STARKEY

NEW JERSEY AGRICULTURAL EXPERIMENT STATION,
RuTgeERS UNIVERSITY"

SHORT AND LONG FOOD CHAINS AMONG
VEGETABLE CROPS '
“LenerH of food chain” refers to the number of

13H 0. Halvorson, Soil Sci:, 32: 141165, 1931.
14R, L. Starkey and -H. O. Halvorson, S0l Sei., 24:
381—402 1927.
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animal organisms that have consumed the original
food produced by plants before it is used in human
metabolism. The consumption of plants would be
considered a ‘“short chain,” that of meat and fish a
“long chain,” since animals must live on organic ma-
terial produced originally by plants. Our vegetable
plants seem to 'show an analogous relation when one
compares the efficiency of those that furnish a vege-
tativé part for food and those that furnish a fruit
part. Thus, our fruit crops are those in which fer-
tilization usually occurs before the eatable portion is
produced.  Vegetative crops are those where the root,

stem, leaf and immature flower parts (caulifiower,
broceoli and globe artichokes) are consumed.

Cabbage, carrots, potatoes, spinach and similar
vegetative crops appear to use food value, land and
labor resources more efficiently than fruit erops such
as watermelons, sweet corn and cucumbers. In the
first group the original vegetative organs are used
as food, in the second, the vegetative parts are not
eaten’ directly, but produce an edible fruit. Thus our
common foliage, stem, root and immature flower crops
could be considered a “short chain”; our vegetable
fruit crops a “long chain.”

An extreme case of a long food chain has been cited
by Kunkel* in connection with the food habits of the
Eskimo. There are four organisms involved in this
chain': the Eskimo lives largely upon seal meat, the
seals eat fish, the fish consume snails and other in-
vertebrates, and these' in turn feed upon seaweeds.
About 625 pounds of seaweed is required originally
to produce a gain of 1 pound in the Welght of the
Eskimo. If the Eskimo would eat fish instead of seal
meat, the chain would be shortened, and. only 125
pounds of seaweed would be‘required In pork pro-
duction the data are expressed in different terms; but,
as Hogan, Weaver, Edmger and Trowbridge? have
pointed out, only about 40 per cent. of the energy
consumed is stored in the animal’s tissues. The same
workers find that only about 10 per cent. of the pro-
tein consumed was stored in the tissues of the swine
in this experiment. " These values would vary some-
what with the age of the ammals and with feeding
conditions. ‘

Foods for livestock may be classified into three
groilps' on the basis of the competition between meat-
producmg animals and human beings. First, there
are foods that ‘inay be used either by livestock or
people, such as wheat and corn. Second, there are

- livestock . feeds which are not usable by people, but

which are grown upon land that could have produced
human food;-an example is alfalfa hay on irrigated

1 B, W. Kunkel, Scwntzﬁc Monthly, 46: 47-58 1938.
2-A. G. Hogan, L. A. Weaver; A. 'T. Edinger and E. A.
Trowbridge, Mo. dgr. Expt. Sta. Res. Bul. 73, 1925. :
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land. Third, there are ranges, considerable pasture
and many by-products that can be utilized only as
livestock feed.

Some recent studies® 4 ® have furnished data for
comparing the efficiency of thirty vegetable crops
with reference to their food value and to the use of
resources such as land and labor. . The tables pub-
lished show the quantity of the nine nutrients per
pound as purchased, and also the nutrients produced
per acre and per man-hour. These tables were pre-
pared from the following data: (1) chemieal com-
position of the edible portion; (2) relative amount
of edible portion in a purchased vegetable; (3) aver-
age yield per acre, and (4) hours of work required
to produce average yields. Each of the nine essen-
tial nutrients (energy sources, protein, calcium, iron,
vitamin A, ascorbic acid, thiamin, riboflavin and
niacin) was expressed in terms of the recommended
dietary allowances of the National Research Council,
in which the daily need for each constituent was con-
sidered as a unit. The tables on food value per
pound as purchased, per acre and per man-hour were
first treated by ranking the amounts of each nutrient
in all the vegetables. The data were summarized by
giving the first rank to the vegetable occurring most
often near the first rank and by arranging the others
in a descending order. This system gives a super.ior
rating to crops high in most of the mnine nutrients
rather than a erop that is merely high in one nutrient.
Table 1 summarizes this study. This relation among
vegetables seems to be largely confirmed by common
experience, and the procedure followed was chosen
as apparently the most accurate method thus. far
developed. ' v

According to the results of this procedure (Table
1), the most efficient. crops are those in which the
vegetative part is eaten, for example, root, stem, leaf
or immature flower parts. Group 1 comprises the 7
most efficient crops, 6 of these being vegetative and 1
a fruit crop; group 2 comprises the 6 next most effi-
cient, 5 being vegetative and 1 a fruit erop; group 3,
next in line, has 6 vegetative and 4 fruit crops; but
in group 4, the least efficient, there is only 1 vegetei-
tive crop, whereas 6 are fruit crops. According to
this evidence if the vegetative parts are used as food
they are produced more efficiently than if a plant
needs to producé, Afirst a vegetative. unit and then a
fruit. The vegetative plants are largely cool-season

3 John H. MaeGillivray, Arthur Shiltis, G. C. Hanna
and Agnes Fay Morgan, Calif. Agr. Exp. Sta. Offset Pub.,
September, 1943. }

4 John H. MacGillivray, Arthur Shultis, A, E, Michel-
bacher, P. A. Minges and L. D. Doneen, Calif. 4gr. Exp.
Sta. Offset Pub., September, 1943.

5 John H. MacGillivray, Agnes Fay Morgan, G. C.
Hanna and Arthur Shultis, Calif. Agr. Exp. Sta. Offset
Pubd., December, 1943. . .
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crops, which either are grown entirely in cool weather
or must have cool weather at some critical time in
their growth. According to an old saying of gar-
deners, the “cool-season” plants are those desired for
their vegetative part (with the exception of peas).
The “warm season” plants are those raised for the
fruit part (with the exception of sweet potatoes).
These.two generalizations apply to our common vege-

tables.
TABLE 1

RELATIVE EFFICIENCY OF VARIOUS VEGETABLES AS F0oOD PrO-
DUCERS, BASED ON THEIR RANK IN NUTRIENTS
PER PouND, PER ACRE AND PER MAN-HOUR
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Crops ranking 1-15
in nutrients per
pound, per acre
and per man-hour:
Qroup 1:
Broceoli ...... 5 7 + +
Cabbage ....... 14 -6 4 + +
Mustard greens. 2 1 2 + +
Spinach ....... 11 12 8 + +
Sweet potatoes . 3 13 5 +
White potatoes . 8 2 3 + +
Winter squash . 15 11 1 +
Crops ranking 1-15
in two of the fol-
lowing : nutrients
per pound, per
acre or per man-
hour:
Group 2:
Beets, bunch ... 26 4 15 + +
Brussels sprouts 4 14 24 + +
Carrots, bunch . 25 7 13 + +
Onions ....... . 163 3 6 + +
Tomatoes, mar-
ket co.oiinn 13 15 17 +
Turnips, bunch . 21 10 12 + +
Crops ranking 1-15
in one of the fol-
lowing : nutrients
per pound, per
acre or per man-
hour.
Group 3:
Artichokes .... 12 30 22% + + +
Cauliflower .... 20 17 9 + + +
Casabas and hon-
eydews ....... 7T 21 11 + +
Celery ..o.oov.e 24 8 22% + +
Green asparagus 7 29 26 + +  +
Lettuce ....... 223 18, 14 +. + o+
Lima beans .... 10 22 27 + +
Peas ......... 6 28 29 + + 4
Snap beans .... 5 19 30 + +
‘White asparagus 9 31 28 + + 4+
Crops ranking 16-31
in nutrients per
.pound, per acre
and per man-hour.
Group 4: :
Bell peppers .. 19 20 19. +
Cantaloupes ... 28 24 18 + +
Cucumbers .... 29 23 25: + +
Radish ........ 30 25 31 + + +
Summer squash. 18 16 20 + +
Sweet corn .... 22% 26 16 + +
Watermelon ... 31 27 21 + +

Interpretation : The accuracy of the data do not permit
making distinctions between smnll differences. Vegetables
in group 1 are thought to be more efficient than those in
groups43 and 4; group 2 is considered more efficient than
group 4.
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Quality often depends upon harvesting the vege-
tables at the proper stage of development. All erops
that need punctual harvesting fall within groups 3
and 4. During periods of inadequate labor or un-
favorable weather, this is a further disadvantage 'of
groups 3 and 4.

In the past, the importance of root, stem and leafy
crops from a dietetic standpoint has been pointed out
largely on the basis of individual erops. As Table 1
shows, high food value and efficient use of labor and
land areas is a general characteristic of this group of
vegetables. An average diet contains 739 pounds of
plants- out of a total consumption of 1,420 pounds of
food. About a third of our plant food is vegetative
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portions of vegetables; the remainder is vegetable,
grain and tree fruits. Unfortunately, data are avail-
able to test this hypothesis only in our vegetable
plants. Vegetables, despite their low energy and
protein content, have praiseworthy qualities for im-
proving our diet, whether they are produced com-
mercially or in a home garden. The high efficiency
of these plant parts as food calls attention to the
fact that only in the case of vegetables do the Amer-
ican people consume a vegetative part of the plant.

JorN H. MACGILLIVRAY
DivisioN or TRUCK CROPS,
UNIVERSITY OF CALIFORNIA,
Davis

SCIENTIFIC APPARATUS AND LABORATORY METHODS

THE DESTRUCTION OF PYROGENS BY

i HYDROGEN PEROXIDE

PYROGENS are toxie, non-dialyzable substances
formed by various micro-organisms. They are rela-
tively stable in boiling water and cause prompt tem-
perature rises in animals when injected in mierogram
doses. In man, Co Tui! estimates that an intravenous

for removing pyrogens are therefore of utility, and
several such methods have been described. For ex-
ample, Co Tui and Wright> have recommended ad-
sorptive filtration with Seitz filters, although Francke
and Rees® found preliminary treatment with pow-
dered charcoal before Seitz filtration to be required
for complete removal of pyrogens from solutions of

TABLE 1
Errpct OoF HYDROGEN PEROXIDE TREATMENT UPON PYROGEN ACTIVITY

Heating

pH

Pyrogen Co tration Rectal temp. Average
prg_para- Source of Hz02 - Time Temp. Before After rises (°C.) (Ege)l
on (min.) (°C.) heating heating ) .
Al Pseudo- 0 30 100 6.58 6.66 1.25, 1.25, 1.60 1.37
monas 0.001 M 30 100 ‘e .o 1.50 1.55, 2.25 1.77
aerugi- 001 M 30 100 6.82 6.75 0.80, 1.05, 1.10 0.98
nosa 01 M 60 100 6.21 6.64 0.00, 0.20, 0.40 0.20
B2 Pgeudo- 0 . 20 100 7.26 6.88 0.95, 1.40, 2.25 1.53
monas 0 120 100 7.28 7.02 0.70, 1.05, 1.40 1.05
aerugi- 0.01 M 120 100 7.27 6.99 -0.10, - 0.10, 0.15 - 0.05
nosa 0.1 M 120 100 7.88 6.88 -0.15, - 0.05, 0.35 0.12
0 120 100 7.20 7.19 0.95, 1.10, 1.10 1.05
cs Gelatin 01 M 120 100 7.08 6.51 0.25, 0.60, 0.80 0.55
01 M 120 100 7.16 5.12 -0.25, —0.10, 0.00 0.00
D3 Gelatin 0 20 116 0.60, 0.75, 0.85 0.73
004 M 20 116 0.00, 0.15, 0.20 0.12

1 Pyrogen solution prepared by U. 8. Food and Drug Administration for First Collaborative Assay (H. Welch, H. O

Calvery, W. T. and‘ MecClosky and C. W. Price, Jour. Am. Pharm. Assoc., 32: 65, 1943), diluted 1:10 with 0.9 per cent.

solution.

NaCl

2 Dried concentrated pyrogen from Pseudomonas aeruginosa, kindly supplied by Dr. Henry Welch, U. S. Food and Drug
Administration_ dissolved in 1:100,000 dilution in 0.9 per cent. NaCl solution buffered with sodium phosphate.

3 Commercial gelatin, in approximately 5 per cent. solution in distilled water.

4 Negative values considered as zero temperature rise, in calculating averages.

dose of 0.02 mierograms of typhoid pyrogen per kilo-
gram of body weight will provoke a rise in body
temperature of 0.5-0.6° C.

The necessity for the complete absence of pyrogens
from solutions intended for parenteral administration
is well recognized,® but many substances injected
parenterally, especially in investigative work, are not
available in pyrogen-free form. Practicable methods

1Co Tui, D. Hope, M. H. Schrift and J. Powers, Jour.

Lab. Clin. Med., 29: 58, 1944.
2 Co Tui and A. M. Wright, Ann. Surg., 116: 412, 1942.

inulin. Seitz filtration was also found unsatisfactor&
for removing pyrogens from enzymatiec hydrolysates
of protein by Zittle et al.,* who resorted to heating
with acid to destroy the pyrogens.

Since no satisfactory general method for removing
pyrogens from all solutions appears to have been
found, our observation that pyrogens can be destroyed
by heating with dilute hydrogen peroxide may prove

8 D, E. Franke and V. L. Rees, Jour. Am. Pharm. Assoc.
(Pract. Pharm. Ed.), 4: 158, 1943.

4 C. A. Zittle, H. B. Devlin, G. Rodney and M. Welcke,
Jour. Lab. Clin. Med., 30: 75, 1945.



