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IRTRODUCTION

Some investigations have yielded results which
indicate that the vitamin A content of plant and animal
tissues is correlated positively with the degrees of
their pigmentation. This being true a fresh vegetable
plant which contains small amounts, or none, of the pig-
ments would also be low in vitamin a.

This is an important question with many vegetable
crops since they are marketed in both green and blanched
atates. The older standards of quality for salad orops
were mainly appearance, crispness, and palatability.
However, there is an increasing tendency to recognige
the vitamin content of such crops in determining their
quality, thus including their food value in the concept
of quality. Hence, if a vegetable which contains small
amounts of pigments also contains less vitamin 4 than
those more pigmented, it would rate lower in quality
according to the more modern standards

Since lettuce is an important salad crop, ex-
perimenta aimed to determine whether or not head and
leaf lettuce which differ very materially in the amount
of pigment contained also differ in vitamin 4 content
were undertaken and completed. Experiments were also
conducted to determine the relative vitamin A content
of parts of the same plant which differed greatly in the

amount of chlorophyll contained and also to determine the
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effect growing plants under glass would have on the

vitamin 4 ocontent. The results are reported herein.

Rewiew of Literature

In 1920 Steenback and Gross (13 examined a
number of plants for their fat-soluble vitamin content
and concluded that the leaves are richer in this vitamin
than any of the other structures of the plant. They found
that the white leaves of cabbage and the somewhat etiolated
leaves of lettuce were poorest in vitamin A content of
all the plants they examined. They assumed as a working
hypothesis for fﬁrther investigations that where yellow
pigments are found in plants one may look for the pre-
sence of the fat-soluble vitamin.

Delf (3) 1s quoted as saying, that same year,
that the inner white leaves of cabbage do not contain
growth promoting vitamins.

Osborn and Mendell (10) reported experiments
in which white rats were fed 0ily residues from ether
extracts of dried spinach leaves, young clover, alfalfa,
and grass. The residues when fed. daily in quantities
equivalent to 1 to 2 grams of the dried plant promoted
recovery and renewal of growth in rats that were de-
elining in weight on diets deficient in the fat-soluble
vitamin,

Coward and Drummond (1) in 1921 while working
with cabbage, etiolated seedlings, dried seed, algae,



RSN O 2O N



3=
and fungl found that dried seed generally are deficient
in vitamin A4 and that the amount does not appear to be
inocreased by germination. Etiolated seedlings and white
leaves of cabbage apparently did not synthesize the
vitamin. Green leaves from the outside of cabbage heads
were found to contain large amounts of vitamin A. Lower
plants oontaining chlorophyll (marine algae!/ were found
to synthesize this dietary factor while those (mushrooms)
devoild of pigments which play a role in photosynthesis
were found to be almost completely deficient in the
vitamin.

In 1921 Drummond, Coward, and Watson (4)
stated that the diet of a cow is undoubtedly the chief
cause of variation in the amount of vitamin A in the milk
and butter. The butter was riéher in this vitamin when
the cow was on good pasture than when stall-fed on dry
feeds of hay, roots, and cake. Even the drying up of the
pasture in summer lowered the vitamin 4 content of the
butter, This indicated that drying green plants in sun-
shine reduced the vitamin a content of the foliage.

Wilson (17) reported in 1922 that rats grew as
well when fed on wheat seedlings sprouted in the dark as
on those sprouted in the light. The seedlings were dried,
powdered, and fed in quantity equal to 5 per cent of Bhe
diet. This amount represented a quantity of seed that
would be inadequate as a source of vitamin A. Ee concluded

that "vitamin A is produced in the growing plant with or
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without accompanying photoaynthesis:'ﬂo oriticized Coward
and Drummond's work ‘1) stating that it only showed that
green tissue synthesized the vitamin more rapidly than

the etiolated tissue and that the quantity of etiolated
tissue which they fed the animals was insufficient to show
the smaller production in these plants. it was noticed,
however, that etiolated tissues were s8lightly active even
in the small quantities used by them.

In 1922 Steenback and Sell (13) found that the
green inside leaves of cabbage, which had failed to head
properly, ocontained ten times as much green pigment as
leaves on the inside of good heads and were far richer
in vitamin A, although the white leaves gave considerable
growth when fed in amounts equal to 10 per cent of the diet.
They concluded that the fat-soluble vitamin is present in
more than the minimal demonstrable amounts in the white
leaves o0f cabbage headse.

The work of Coward (2) in 1923 showed that
light 18 necessary for the synthesis of vitamin A, The
synthesis takes place in the light from an electric.light
bulde. Chlorophyll does not seem to be necessary for the
synthesis of this food factor and the synthesis will be
carried on in an atmosphere which does not contain either
oxygen or oarbon dioxide. The almost complete absence of
calcium from the water solution did not prevent the forma-

tion of vitamin A in the plants. Plants synthesized the
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vitamin in sunlight that had passed through a plate glass
window and a glass bell Jjar which probably removed most
of the ultra-violet rays. The results from this work re-
confirmed her previous work showing that etiolated plants
contain much smaller amounts of vitamin A than green plants.
This worker commenting on the work of Wilsom pointed out
the fact that the amounts fed by him were more than the
minimal required to produce growth therefore there was:
no difference in rate of growth on the two kinds of tissues.
The conclusions drawn from the experiments reported in
Coward's paper show that the oonditions for the synthesis
ot vitamip A are not the same as the conditions necessary
for photoaynthesis. However, it seems that the conclusions
were based on insufficient evidence. Yhe number of animals
ugsed in eash experiment was usually small and the experi=
ments were very seldom continued for more than four weeks.
The plants grown in atmospheres devoid of oxygen and
carbon dioxide werg15f1y¥o be abnormal and the amounts fed
were not weighed quantities. It seems that there is need
of more investigation along this line before the conditions
necessary for the synthesis of this vitamin are definitely
known.

In 1926 Steenbook, Sell, and Boutwell (14)
reported work in which six samples of peas were investigat-

ed and it was found that those of green color and carrying
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considerable yellow pigment were far richer in their fat-
soluble vitamin content than yellow peas which contained
much less yellow pigment. They supported the theory ade
vanced by Steenbogk and Gross in 1920, that the fat-
gsoluble vitamin is biologically related to certain yellow
plant pigments. They disregarded the green pigments whose
presence was much more evident than that of the yellow
pigments. It seems that they might as surely be associated
with the vitamin A.

The available experimental evidence does not
permit a positive conclusion regarding the relationship
between the vitamin A content of plant tissues and the
intensity of their pigmentation. It can not be said, as
has been pointed out by other investigators, that the
vitamin 18 always associated with certain yellow or green
pigments. However, it can be sald safely that the vitamin
is usually very abundant in tissues containing large

amounts 0f such pigments.

Materials and Methods

In determining the vitamin 4 ocontent of a _
substance, the general method is to feed a weighed quantity
0f the material to be tested to a standard animal fed on
a basal diet adequate in all other respects for a standard
time. The animals used in all the experiments reported in
this paper were albino rats of high grade stosck and known

pedigree. The young animals were from families fed on the
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following stock ration:

7hole milk powder 15 per cent
Cracked wheat 25 per cent
Oat meal 25 per cent
Yellow corn meal 26 per cent
Flax seed meal 10 per cent

FPresh lettuce daily, except Sunday (not a weighed
- amount )«

The above ration is the one used by Dr.id.,Dye of
the Home Economics Department, Michigan State College ,in
growing stock and experimental animalse. It provides enough
vitamin A to produce strong, healthy litters and yet not
enough to enable the young animals to store large amounts
in their bodies,

The test animals were selected at weaning time
from uniform litters of from five to ten animals when they
were 28 to 30 days 0ld and weighed from 28 to 50 grams each.
These were placed in separate wire cages in a well lighted,
ventilated, and heated laboratory. Bach rat was fed on a
well balanced basal diet, complete in every respect except
that it contained no vitamin A. ¥his basal diet was com-
posed of the following ingredients:

Irradiated cornstarch 78 per cent
purified oasein 18 per cent
salt mixture (keCpllum's No.32: 4 per cent

dried yeast about 600 mg. daily, except Sundays.
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Somuercial "Creun" cornstarch wus auctivated by
exposing it to tne uctinic ruys of a 110 volt, 4 ampere,
alternuting curcrent Copper Hewitt quartz rnercury vapor
lamp for 15 minutes at a distance of 14 inches. The
corngtarcnh was put in a layer about one inch deep, in
large snallow zine puns and wus stirreda well every four
or five minutes during the process of irradiation. Znough
wa3 irradiated eacn time to laugt two weeks. Hess and
7ienstock (7) stated that vegetable 0il became activated
on exposure to the mercury vapor lump for two minutes, or
less, and retained its protective power for at least six
months. Jutcher and Kruger (5) showed that dextrine, made
from comnercial cornstarch possessed murked calcifying
properties.after being treated with ultra-violet lizht.
Steenbock and others (16) observed that starch becane
activuted when treated with ultra-violet light while
antiré:hitic activation could not be induced in purified
protein. Some investigators dextrinize their cornstarch
but in tnese experiments it wus fed raw and was relished
by tne animals. The activation seemd%o be sufficient ,for
none of the animals showed any symptoms of rickets.

The caseln was purified by Sherman and ilunsell's
(11) method, with slight modifications. 800 grams of finely
ground, dry, crude casein was placed in a three liter flask,
two liters of ethyl alcohol wus added and this was boiled
under a reflux condenser for one and one-half hours and

quickly filtered, while still hot, through a suction filter.
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This operation waus repeated twice, the casein thereby re-
ceiving three one and one-half hour extrastions with boil~
ing alcohol., after having been filtered the third time it
was left in the Buchner funnel and washed with two liters
of hot alocohol. When the alcohol had ceased dripping from
the funnel, the casein was spread in layers about one-half
inch deep in shallow pans and left in a warm room until the
alcohol evaporated. It was then placed in a gas oven and
heated at a temperature of 100 degrees C. for eight hours,
being well stirred every two or three hours so that all of
it would be exposed to the oxygen of the air while being
heated. Finally it was removed from the oven and ground to
a fine powder in a Hobart pul?erizer.

The salt mixture used in the basal diet was
ldoCollum's number 32 mixture composed of the following

ingredients:
Sodium chloride 4.7 per cent
Magnesium sulphate 7.2 per cent
Sodium di-hydrogen phoaphate 9.4 per cent

Potassium mono-hydrogen phosphate 25.8 per cent

ono~calocium phosphate 14.6 per cent
Caleium lactate 35.1 per cent
Ferric citrate 3.2 per cent

The yeast was prepared by ocrumbling up Fleischman's
yeast cake and heating it in an oven at 100 degrees C. for
several hours, until perfectly dry, and then grinding it to
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A fine powder. The amount fed was not weighed dut measured

in a ladle that held approximately 500 milligrams.

After being placed on a vitamin A deficient ration
the animals continued to grow for from five to eight
weells, usually seven weeks. vhen their weight remesined con-
stant Zor a week or two, or they were losing weight, they
were given the lettuce vhich was to be tested. liany of the
animals at that time had xerophthalmia, an eye diseace
caused by the deficiency of vitamin A in the diet, belore
they were given the vitamin containing food. Some oI the
aninals continued to gain in weignt alfter showing definite
symnptoms of xerophthalmia. All of them showed that they were
suflering from a deficiency of this vitamin by the color of tu
the skin of their ears and tails and by the appearance of
their fur in addition to the fact that they had ceased gain-
ing and most of them were losing weight.

One animal from each litter was retained on a vitamin
A deficient ration and used as a negative control, or check
animal, Sherman and lunsell (11) stressed the importance
of negative controls in determining whether the basal diet
is free from vitamin A,

The meterials tested in these experiments are leaf
lettuce (Lactuca sativa var. crispa ) .and head lettuce
(Lactuca sztiya ver, capitdta). Leaf lettuce of the Grand
Rapids rorecing variety was used in all experiments with
leal lettuce, while all the head lettuce was of the Iceberg
typve. The head lettuce was purchased on the local market,

it being impossible to grow satisfactory
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heads in this looality either in the field or the green-
house.

Fresh lettuce was secured from one to three
times each week, or as often as necessary to avoid the use
of wilted leaves. Data are not available on the effect of
storage on the vitamin A content of vegetables. In an
effort to eliminate that factor, as much as poasidble, the
leaf lettuce was harvested and stored in an ice box with
the head lettuce each time a new supply was purchased. The
portion of lettuce that was fed to rats was taken from about
an inch margin of green leaves o0f leaf lettuce and the well
blanched, inside leaves of firm heads of lettuce, 5o that
the large midribs would not be contained. The green outside
leaves of head lettuce were discarded except in experiment
three where both blanched and green parts of this plant
were fed. Any variation from the above procedure will be
stated later.

Preliminary experiments were ocarried on to
determine the amount of lettuce to feed eash day to secure
an average weekly gain of three grams. Sherman and Munsell
(11) suggested three grams per week as a suitable atandard
for the gain an animal should make. Eddy (6) shows that
work done by Munsell indicates that 600 to 700 mg. of lettuce
daily is necessary to produce 25 grams gain in eight weeks.
The type of lettuce fed dy Munsell was not mentioned. Using
Munsell's figures as a basis the animals were placed in
eight groups and fed the following amounts: Groupil, 500 mg.
teaf 1t tirce; .groups8,500 mg. head lettuce; group 3,700 mg,






leaf lettuce; group 4, 700 mg. head lettuce; group §,
1 gram leaf lettuce; group 6,1 gram head lettuce; group 7,
2 grams leaf lettuce; group 8, 2 grams head lettuce.
The results from this test showed that all the animals
had made excessive gains and from the gains made it
seemed the amount necessary to secure the desired growth
was about 300 mge. So this amount was fed in experiments
one and two. |
in all experiments an abundance of the basal
diet and water were kept constantly before the animals.
The lettuce, a fresh supply of food, and fresh water
were supplied daily, except Sundays.

PRESENRTATION OF DATA

Experiment 1.

This experiment was designed to determine
if there is any difference in the vitamin A gontent
of leaf lettuce and the blanched, inside leaves of
head lettuce. Zach animal receiving lettuce was fed
300 mge of fresh tissue daily, except Sunday. Thirteen
animals were fed leaf lettuce, twelve head lettuce,
and eight ( negative controls) were given no lettuce.
The control animals were the last to cease gaining in
weight on the basal diet which indicates that they were
probably a little more vigorous than the other animals.
The experiment was continued for a period of eight weeks.
The data are set forth in tables 1, 2, and 3 and are

shown graphically in Figure 1.



- T -




90°T 9°9-~ gTT =~ G2°3%- 0°¢- 0°'T cac0- 2T*0 GL°T LET Gl (suBad)
SUTBZ® OAY
cg- PH- 6= 0¢= 9 2= T 3T Tt 009 (smea?)
SIB310OT
ceco T --- -- -= -- Ped( = T T cg \%rOHmm
LT~ 21- CT~ T I- 2 I- 0 0 0 06 nwtnoam
eeco- - -- -- - -- PBeQ ¢= 17 g= 88 »wndmam
29°T cT L= a= 0 G g e 3 L 20T  ¥-€L1Z
L2 T 1~ gt~ 2= 14 T a- 0- 0 0 99 F
eece- 02- - PeSC 02- - 1= 1- T 3 9L $-1622
GL*T- 1~ 2T~ 9= ¢ - T 0 T ¢ 4 99 $-€9222
0g°*1- 6= --- PBOC OT- 3g= g- 2 ¢ T TG $ —€8223
SUITBI suiesl Xoom o014 YOooMm Yoom eam JooMm Yoom Joom (swead) Xa¢
£1xo8m Te305 URUTIT UjUeAss UYXIS UGJTS  YqInos DPITYL PUO0SS SJITT 1yitem  pus
98BIy (suead UT) SNIVD ATIZLu TeUIZTIQ TBUIUY

*y UTWB} A O] SUTATO08Y STBUIUY JO YJmoay =°*T o108J



CATAddN e ~y WML TA JO T DDNG 3oL PUOL D6,y SLTVWUTUsr JO YU3mody 8T qQiy
-1 T -



A SUedd)

2% zeee 0°¢ ¢*'3  8'9 % 6°C e e AL 0°G 884 eFeIeAy
Tsueas)
G0% Le 02 28 g LY 0¥ 96 09 9%5 T®30]

v 19 L 0T LT eT 9 ) 2 3 cy

\lommm

e*a 1¢ T Q 0T ¢ P 8 3T 8 LG ‘mv4mmm

9°¢ 62 2 g o 9 2= 0 2 Q T4 3-o8ze

L T- PT- 2= G- ¢ L= T 2=~ 2- 0 B4 p-0832

9*0 g 0 1- T g o= T T ¢ L0T  $-02e2

6°T ol et 8- P- T e 2 b ¥ T p-vees

6°2 o T- T g 9 p 2 g b7 Gl $-vie2

B L 63 b7 L 8 6 0T i 1T 9 8L P-DLTZ

L*9 i T 2 P L 9 L L 02 L SR

6°¢ LY 0 o 8 2T 2t e ¢ 9 89 p-VLIZ

z'e 02 L ¥ 01 9- 2 e i 2 0TT  #-0T102

AR 2% g L 0T g e g L g- 69 3 -to1e
urByg utren ooMm 17904 ¥oom 7 o0Mm 390 ¥ooM Hoom yoam 1uITe; xac
L1399, *Ay T®301] 4UPTF YjuUsASc VXIS Y3JTr YranOos PATYy PUOOSc 4SITE  TBUISTIQ  DUB

(swead ur)  CTV.IIIV G0 JIVD ZTCEL TBUIUY

*A1ddne y uTmulIp J0J 90M339T Puell POy STBWIUw JO Ujmodp ZeTqsy,



R A



( surBag)

0°*s g*ego vec T°¢ 6°¢G 0'6 6°6 6°6 8°IT 0°6 6°QL ©3BIOAY
[E0B8IT)
028 47 99 Ll LIT 43T 63T ¢al LTT 920T  1®B30%
2°g 2% 2- 1 e g 9 g 1T o1 19 $-L1C3
4°0T 28 9 2 8 2T et 0T $T LT 99 TETEZ
g 0T %3 e g 6 2T 0T 2T $T 6T 8L nn-m>ﬁm
6°8 1L L 4 i 8 et eT $T 8 13 nn-a>HN
0°8 %0 e i 9 9 8 Tt 1T ot 89 §-0LT2
G . 09 T 2 72 Tt e 2t ol 4 v6  p-s2eT
L% 8¢ 2 1- 2 0 0T 1T gt P 90T  §-EaIT
7' o ¥- 6 T- 2T 1- 1T L 0T CIT  §-C222
0°0T ol g L T 2t 3T 6 6 cT 88  p-29T%2
1°2T L6 2T 4 2T 6 LT LT 32 T % P-09TZ
2° L 8¢ 0 L 9 2T 0T ¥ 8 1T 29 $-3622
0°9 LY i T g 8 eT 1T 2 ¢ Gl 3-8822
gL 09 L 3T 8 9 T ¢ $1 6 T9 $-2822
UTBa UTBg 994 . Yoem b EETY Joom Yooan Y O0M b TN J{oom 1uSTep X985
£Iy90y *Ay TBI0] UIUITF UYjUoaes VY3XTa YJJT7 Y3JINOr DPITYy PUOdSg 9SIL] TBUTSTIO pus
| (swead uy ) STVIL.Y 50  JIIVD — ATL DL TBuUIUy

*ATddng + UTWBYTA I0F 90N339T JBOT DO STBUIUxy JO Uqmoan « 4ed

-GIz



rigure 1
164
148
136|
124 Leuf Lettuce

112

Head lLettuce

Average Weights in Grams
[ and
& S

Controls

76—

1l 2 ko) 4 5 6 7

Time in Jeeks
Figure l.~ Grapha of data shown in Tapley 1, 2 and 3.
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The rats having xerophthalmia . soon recovered
and all resumed growth promptly when the feeding of
lettuce was started. Phe graph shows very clearly that
leaf lettuce was much superior to head lettuce as a
source of vitamin a, The animals getting 300 mg. of leaf
lettuce daily had an average weekly gain of 8 grams
while those receiving an equal quantity of the inside
leaves of heud lettuce had an average weekly gain of
only 4.2 grams. *he guin of the animals fed leaf lettuce
wag practically twice that of the animals fed head
lettuces. The control animals averaged a loss in weight
of 1,06 grams per week and before the end o0f the ex-

periment one-half of them had died.
Experiment 2.

White rats, even when of the highest grades show
considerable individual variation under the best experi-
mental conditions. In order to offset the influence of
this variation it was deemed necessary to .carry on an
experiment in which the sources of vitamin 4 would be
interchanged at the end of eight weeks and the experi-
ment continued for eight weeks longer. Twelve animals
received 300 mg. of leaf lettuce daily for eight weeks
and then were given 300 mg. of head lettuce daily for
the remaining eight weeks, line animals were fed head
lettuce the first eight weeks and were likewise changed
to leaf lettuce for an equal period. Zight control animals

were used in this experiment. ¥he data are given in Zableg

4, 5, and 6 and are shown 8raphically in figure g,
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a8 1in experiment one the aninuls fed leuf lettuce
made much pgreater gains than those given an equal quantity
of blanched head lettuce. Vuring the first eight weeks
the rauts on the leaf lettuce diet gained more than twice
as nuch as those on head lettuce, but when they were
fed head lettuce the next eight weeits they gained less
than one-fifth as much as tne other lot which received
leaf lettuce. The aninuls wnen cnanged from head to leaf
lettuce mude a very rapid gain in weight the following
three weess and a substuntial, but slower, gain during
the remaining five weeiis. Those on the heaud lettuce
ration made only a very slight gain during the entire
eigutl weeks und vere losing weight at the end of the
experiment.

The control animals averaged a very slignht gain
during the first five weeks of the experiment. after
that time there was a continuous and increasing loss
of welght until the eleventh week when the last animal
dieds Half of the control animals died before the end
of the seventh weekes all of them lost weignt and showed
definite symptoms of xerophthalmia before dying.

This experiment shows very cleuarly that the same
aninals gain nmucih more rupidly on leaf lettuce than on
an equal quantity of head lettuce. s the animals grow
larger tne rate of gain 1is less, due to the fuct that
more vitanin a is required to maintain the larger aninal,

and toward the end of the experiment tne heuad lettuce
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did not furnish quite enough of this food factor to

maintain the animals at a constant weight.
Experiment 3.

The object of this experiment was to determine
the difference in the vitamin A content of the very in-
side yellowish leavés 0of head lettuce and the outside,
green leaves of the same heads. The sampleas of the green
lettuce were taken from the outside leaves of good com=-
mercial heads which contained much chlorophyll. Even
though these leaves were quite green they were noticably
less green than the leaf lettuce. Yhe blanched leaves
were taken from the hearts of the same heads.

In experiments one and two the animals had
grown more rapidly than the desired rate, so it was
decided that the amount of lettuce fed daily should be
200 mg. instead of 300 mg. The basal diet and method
of sampling the lettuce was the same as was used in the
previous experiments,

There were ten animals on each kind of lettuce
and six were used as negative controls. ‘he experiment
was continued for eight weeks. The data are given in
tables 7, 8, and 9 and are shown graphically in figure 3.
Bxperiment 4 was under way at the same time, thus per-
mitting the inclusion of a curve showing the growth of

animals on leaf lettuce.
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Figure 3e.- Graphs of data shown in Tables 7, 8, 9, 10 and 1l.
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The animals fed the green outside leaves of
head lettuce made an average galn in weight of over
34 grams during the eight weeks while those on the in-
side, yellowish leaves of the head had an average loas
in weight of almost seven grams during the same length
of time. The animals receiving an equal amount of leaf
lettuce made an average gain of 43 grams. #11 of the
negative control animals were dead before the seventh
week of the experiment. Mosat of these were affected
with xerophthalmia: before dying and all had the ap-
pearance of animals suffering from vitamin A deficiency.
Two of the animals fed on inside leaves of head lettuce
died béfore the eighth weeke. Four of the animals given
this part of the head lettuce had xerophthalwia: when
the vitamin containing food was first given them, but
none of them recovered from the disease. Seven of the
animals that were fed the outside leaves of the head
were afflicted with xerophthalmia when they came to
constant weight, but all recovered promptly when they
were given lettuce. .

The data show that animals receiving leaf
lettuce as a source of vitamin & made better growth
than those fed green leaves of head lettuce and that
both of these lots made decidedly better gains than
animals on the leaves 0f the inner part of head lettuce.
kn faot, the inside part of the head when fed in
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quantities of 200 mge. daily did not furnish enough of
this food factor to maintain the animals’ constant
weight.

The green leaves of head lettuce that were
fed in this experimant are very seldom eaten for they
are usually discarded in preparing lettuce for the table.
It is very evident that head lettuce as consumed Ry
human beings is much inferior to leaf lettuce as a source

of vitamin A.
Experiment 4.

#ithin the last few years the question of
the vitamin content of plants grown under glass has
become 0f vital interest to vegetable forcera. «ccord-
ingly an experiment was conducted to determine if there
is any difference in the vitamin A content of leaf
lettuce grown in the greenhouse and that grown out in
the field.

Grand Rapids foreing lettuce was planted
in the field and also in benches in the greenhouse the
sume day. This experimant was started in the autumn and
the lettuce in the field did not grow as fast as that in
the greenhouse. When there was danger of frost the out-
door grown lettuce was transplanted to- a protected cold
frame where it was covered with sash during the night
and left uncovered during the day. The experiment was

ended at the end of the seventh wesk because the lettuce
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in the cold frame was killed by freezing. 4«8 in the
previous experiment 200 mge. of lettuce was fed daily.

Eleven animals were fed the outdoor lettuce
while ten were given lettuce-.grown in the greenhouss.
The controls are the same as in Experiment 3. The data
are given in tables 9, 10, and 11 and are shown
graphically in figure 4.

The data show that lettuce grown under glasas
gives practically the same amount of growth as that
grown where it is exposed to the direct rays of the sun.
at least the differences are negligible for they are
within the limits of experimental error. The fact that
animals grew well on lettuce grown under glass shows
that the untra-violet rays that are filtered out by
greenhouse glass are not necessary for the synthesis
of vitamin A. These results are in harmony with those

obtained by Coward (2) with wheat seedlings in 1923.
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Figure 4.

148

136

124

112

100

Outdoor leaf
lettuce

N\
88 .
\l
\, .
\\ Controls
76, N\,
N\
N\
-\.\
o4
53
40
1 2 3 4 5 6

Figure 4.-Gruphs of data in Yables 9, 10, and 11l.







_5%_
DISCUSSION

The results from the four experiments reported
in this paper oclearly indicate that leaf lettuce con-
tains more vitamin A than head lettuce. It is superior,
in this respect, to even the outside, green leaves of
the head lettuce which contain much larger amounts of
this vitamin than the inside yellowish portion of the
head. That the blanched portion, or hearts of head
lettuce, contains some vitamin A is also shown by the
datae. ‘When fed in amounts of 200 mg. daily this kind
of lettuce Jjust about enabled the animals weighing
around 90 grams to maintain their weight for eight
weeks. There was a very slight average loss in weight
by the animals fed on that amount in this experiment.

The data submitted show that there is a cor-
relation between the amount of vitamin a present and
the greenness of lettuce leaves. However, it would be
unsafe to infer either a causal relationship on an
indissoluble association of these two things. Avallable
data oclearly show that etielated seedlings and white
or yellow "hearta™ of lettuce and cabbage contain some
vitamin A, but this amount is very small in proportion
to the amount contained in the green parts of the same,
or similar plants.

The investigations of Monteverde and Lubimenk6






-0D=-
(1g) some years ago led them to state that a pigment
called "chlorophyllogen™ is forméd, independently of

light, in the chromatophdes of all potentially green
plants. This pigment or "mother substance®™ of chloro-
phyll is immediately conxerted into chlorophyll on
exposure to light, but in some species, (ferns and
evergreen seedlings (Larix, Pinus, Picea) , it becomes
chlorophyll in darkness, but according to Lubimenko(9)
conifer sesdlings form less ochlorophyll in darkness
than in 1ight. lssachenko,and Liro (8/ showed that
oxygen and carbohydrates were not necessary for the
transformation of chlorophyllogen into chlorophyll
under favorable temperature conditions. Liro (8)
claimed to have killed etiolated seedlings in a care-
ful manner so as to save some of the chlorophyllogen,
when some formation of chlorophyll was still observed
on exposure to light,

In 1859 Sachs !8) mentioned a colorless chro-
mogen called lencophyll from which chlorophyllogen is
said to arise. In the June and July numbers of "Revue
Gdnbrale de Botanigue™ for 1926 Lubimenko, M.V.(9)
has summarized his extensive investigations and also
the present situation regarding the pigments of the
plastids and photosynthesis. He strongly reaffirms his
position concerning chlorophyllogen and certain other

phenomena of the plastids and pigments. liogst embryos
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develop a green color during the first stages of their
development after fertilization and green color was
found to be present in a few of them even after full
maturity of the seed. ln the mature cucurbits a rich
store of chlorophyllogen is found in what wgg the inner
integument of the ovule. In speaking of chlorophyllogen
in seedlings of angiesperms grown in the dark Lubimenk®
makes the following statements: "The seedlings of an-
gloaperms produced in the dark accumulate the yellow
pigments and & very small quantity of pigment called
chlorophyllogen”. "A8 a general rule, the quantity of
chlorophyllogen in seedlings is so small in proportion
to the quantity of yellow pigments that this pigment

has no sensible influence on the color of the seedlings".
"With angiosperms the ochlorophyll is replaced in the
dark by the chlorophyllogen of which the accumulatidon,
as in case of the chlorophyll, depends primarily on

the organic nutrition of the plastid.”

In his entire summation of the evidence he
endeavors to establish the proposition that the develop-
ment of the plastids as well as the various pigments
in these structures is more dependent on the organic
nutrition of the cells than any other factor, light
included. In light of these considerations it may be
possible that in apparently chlorophyll free tissues

there are substances that are closely related to chloro-
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phyll, that 1s substances from which chlorophyll is
formed, such as chlorophyllogen and lencophyll, which
could be related to vitamin A in a very significant

manner.
SUIMARY

1, Leaf lettuce contains more vitamin a than head
lettuce.

2. The green, outside leaves of head lettuce cone
tain larger amounts of this vitamin than the yellow, or

blanched, portion of the head sometimes called "the

hearts of lettuce.”
3. The blanched head lettuce contains some vitamin

A but this occurs in relatively small amounts.

4. Leaf lettuce grown in the gresenhouse contains
practically the same amount of this growth promoting
vitamin as that grown in the field where it gets the
direct sun rayse.

6. Bvidence points toward a close relationship
between chlorophyll, or some of its primary phases

and vitamin A in lettuce tissue, but this relationship

has not been definitely proved.
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