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INTRODUCTION
The nutritional and monetary values of dehydrated
alfalfa products are dependent mainly upon protein and
carotene concentrations.

Young alfalfa contains a more

abundant supply of these nutrients than more mature alfalfa.
The effects of the stage of growth upon the protein has
been intensively studied.

The carotenes have been studied

chemically and investigations have been carried out in

'

attempts to prevent carotene oxidation during storage of
the dehydrated products.

However, little information is

available on the stability of carotene in alfalfa during
different stages of growth.

This thesis is a n 'evaluation

of the effect of the stage of growth upon the stability
of carotene in alfalfa.

,

• LITERATURE REVIEW

Carotenoids in Nature
The varying colors observed in plants are the effects
of many chemically differentiated compounds«

Each compound

has a characteristic color, and a given tint may be a
blend of several pigments. ,Chlorophyll is green; anthocyanins are blue, red or.yellow; carotenes are yellow, red
or orange.
Two groups of pigments are classed as carotenoids.
These are the carotenes and the xanthophylls.

The first , •

group is soluble in hydrocarbon solvents and the second
group less soluble in these solvents, but soluble in
ethanol (6 ).

Collectively the carotenoids are referred to

as. the chloroplast pigments (3 ), or polychromes (6 ), or
lipochromes (12).

They are restricted to the chloroplast

and are distributed throughout the grana (17).

They are

believed to be associated with proteins and therefore are
more stable in plant tissue than in solution (33)•

The caro

tenes may exist as colloidal suspensions in the cellular
lipid or as a protein sugar ester in the same fraction (12).
Karrer’s definition of carotenoids, accepted by the
’Union Internationale deChlmie’ states that "Carolenoids
are yellow to red pigments of aliphatic or alicyclic

3

structure, composed of isoprene units (usually eight)
linked so that the two methyl groups nearest the centre of
the molecule are on the positions 1 ;6 , while all lateral
methyl groups are in the 1;5®

The series of conjugated V -

double bonds constitute the chromophoric system of the.
carotenoids»" (12 )
More than eighty carotenoids have been Isolated, and
the chemical formulas of nearly one-half of these pigments
have been determined,

The visible light absorption spec

trum of these pigments lies in the range of 400 to 700 mu.
The absorption spectrum depends upon the alteration and sub
stitution of the molecule, and the resultant configuration
(12)„

The color is associated with the number of conjugated

double bondso

Lycopene with 13 double bonds is red, caro

tene with 11 unsaturated bonds is red.(orange), lutein.with

11 is yellow, as is crocetin with 7 bonds (5)«

Vitamin A

with 5 such bonds is colorless.
Chemical analyses have elucidated five xanthophy11s
which account for 99 p®1* cent of the total xanthophylls in
fresh alfalfa and 87 per cent in the dehydrated product=
These are lutein, vioiaxanthin, cryptoxanthin, zeaxanthin,
and neoxanthin.

Seven other pigments have been observed

in fresh plant matter, while forty have been isolated from
the dried meal (2),

Twenty-two per cent of the total caro-

tenoid content of dehydrated alfalfa is in the form of betacaroteneo

,

,
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Many studies have been done to correlate the synthesis
of the carotenoid and chlorophyll pigments in growing
plantso

It has been noted that carotene synthesis can be

carried on in the dark.

Upon illuminating etiolated Avena

seedlings chlorophyll development is accompanied with a
transient decrease of carotenoids (6 ),

At certain wave

lengths of light this process is favored;

At other wave-

lengths carotene formation is dominant and chlorophyll
concentrations decrease (31)«
among the compounds.

Interconversion occurs

The fruits and calyx of Physalis

alkekengi are a deep red color.

At first the calyx is

green and contains chlorophyll, lutein, and carotene,

As

it yellows the chlorophyll and lutein concentrations de
crease and the carotene increases,

At maturity physalin is

abundant and zeaxanthin appears (26),

Other workers, using

Physalis traced labled C-^ carbon dioxide into chlorophyll
and carotene during synthesis.

Analyses of the carotene at

varying time intervals after exposure indicated that the
carotene in plants is continually undergoing breakdown and
resynthesis (24),

It exists in a dynamic state and has a

rapid turnover number,
It has been suggested that phytol might be a transi
tion compound in carotenoid and chlorophyll synthesis.

It

is possible that phytol from chlorophyll is dehydrated and
then condensed to form lycopene. and other carotenes, or
isoprene groups undergo condensation to protophytol in

5
green plants, and then to either the carotenoids or to
phytol and then to chlorophyll (26 )„

,

One of the possible roles of carotene in plants is
the association of the light spectrum favoring carotene
synthesis to the phototropic response of plants (33 )•

Wald

postulated that the carotene would act in some manner,
possibly as a light receptor to the indoleacetic acid oxi
dase, thus destroying indoleacetic acid on the lighted side
of the plants»

This theory now is not acceptable (9)«

Plants are characterized by an extraordinary capacity
for chemical synthesis all of which is not dependent upon
photosynthesiso

From simple elements and mineral substances

it is capable of building extremely complex materials»
Cytologically, the capacity for this synthesis is dependent
upon the mitochondrial system=

Thus, mitochondria them

selves are possibly the precursors of the various plastids,
e.g. leuco, chromo, and chloroplasts (26 ).
Beta Carotene and Vitamin A
The formula of the all-trans-beta^carotene is given
in Figure 1, the double bonds 3, 5 / 6 , 7 and 9 are sterically unhindered.

The molecule belongs to the C4QH55 group

of polyene compounds (12),

It consists of two terminal

beta-rionone. rings, joined by four isoprene residues and has
eleven internal double bonds,

The crystals are either a

deep red or dark violet color.

The spectrum maxima in

FIGURE I.
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carbon disulfide are at 520, 485 and 450 mjju

The substance

gives an intense blue color with antimohy trichloride in
carbon tetrachloride«

The color maximum for this complex

is 590 nap<> On standing in air carotene absorbs oxygen
at an increasing rate to form colorless derivatives.
Most of these oxidation products do not possess vitamin A
activity (12).
Beta-carotene may. undergo sterioisomerizatlon.
cis-trans isomers are possible from beta-carotene.
of these have been isolated and identified (12).

Twenty
Seven

The two

most predominant are neo-beta-carotene B and neo-betacarotene U.

These compounds are 3^6-di-cis-beta- and

3-mono-cis-beta-carotenes, respectively (10).

The two

isomers are less stable than the all-trans form.
Animals are capable of converting beta-carotene to
vitamin A in the small intestine.

Karrer observed the

structural relation between carotene and the vitamin A.
He postulated that two molecules of the vitamin were pro
duced from one molecule of carotene (8).

Other workers

have, found that beta-carotene has only one-half of the
activity.
Vitamin A is characterized by two unhindered double
bonds and should therefore exist in four sterioisomeric
forms (35)=

The two known forms are the all-trans and the

neO-vltamin A isomer (3-trans-5^cls-vitamin A).

The

8
biological potency of the isomer is apparently equal that
of the all-trans form.

The neo-isomer is slightly more

resistant to atmospheric oxidation, alteration, and destruc
tion than the vitamin A.

The isomer possibly undergoes

conversion to the all-trans form in the body (17 )»
Karrerand Jucker list ten naturally occurring pro
vitamin A carotenoids.

These are alpha-, beta-, and gamma-

carotene, gamma-carotene epoxide, citroxanthin (mutachrome),
cryptoxanthin, myxoxanthin, aphanin, echinenone, and
torularhodin.

Fifteen partially synthesised and two totally

synthesised compounds are also listed (12).
that some of the compounds contain oxygen.

It is noted
It appears that

the animal can de-oxygenate these compounds in converting
them to the vitamin A.

/

For biological potency the carotenes must have the
beta-ionone ring and the unsaturated side chain present in
the vitamin A molecule (12).

The vitamin A activity of some

Of the more widely occurring carotenes are given (Karrer):
Ail-trans-beta-carotene
Neo-beta-carotehe U
Neo-beta-carotene B
Alpha-carotdne
Neo-alpha-carotene U
Neo-alpha-carotene B
Gamma-carotene
Pro-gamma-earotene

100$
'
,

38
53
•■53v. : ; v.
13 : '

16
28-53
44

Carotenes in Growing Plants
Virtaneh has stated that the morerapidly
grows the greater is its carotene content.

aplant
Ithas been

noted that nutrient fertilization above that required for
optimal growth does not increase carotene synthesis, and
that carotene synthesis is more dependent upon environ
mental and climatic conditions than upon fertility (6).
It is evident that synthesis and growth are maximal when
all conditions are the most favorable for these functions.
Likewise, a limitation of any one requirement will prevent
maximal plant response.

;.

Carotene concentration has been positively correlated
with chlorophyll during photosynthesis and with the amount
of nitrogen used for growth (30).

The relationship of caro

tene to the crude protein content of forage crops, and to
the non-protein nitrogen, has been found to.be proportional
to each fraction (4).

The carotene content also varies

with the stage of development of the plant.

As plant growth

progresses, an increase of the stem weight dilutes the
carotene and protein concentrations of the plant (29).
Individual leaf studies indicate that the concentrations
of carotene and protein in the leaves decrease as the .
leaves increase in size (11).
Carotene may be bound to protein in plant leaves.
exact role of the complex is unknown.

The

The proteins may be

associated with the carotenes in metabolism or may act as
binding agents (6).
The rate of growth of plants in different locations is

10
Influenced, by environmental variations»

Thus, carotene

concentration Is also Influenced by these seasonal condi
tions o

Atkeson Identified the carotene concentration as

being highest in spring and then progressively decreasing
while Bird found that hay produced in July had the lowest
carotene content (15)«

Snyder and Moore, following the

growth pattern of hay oyer one summer, found continuous
variations in the carotene Contents (29).Carotene Loss During Storage
The chief nutrient losses in hay results from leaf
shattering.
tion,

Carotene loss.also results from chemical.oxida

Archibald compared carotene content of hay "cured by

field drying with: barn-dried hay (l )«

He reported 14

per cent more leaves and 45 per cent more carotene in the
barn-cured hay, but no significant difference in carotene
content after a normal storage period,

This same pattern,

the equalizing of carotene concentrations during a storage
period, has been observed by others (25)«
Carotene destruction is brought about by the catalytic
effect of the enzyme lipoxidase (19 ), by sunlight in the
presence of chlorophyll (22 ) and to an unknown extent by noncatalytic oxidation.

Oxygen is involved directly and

its reaction, is influenced by light, temperature, and
moisture.

Loss is negligible when samples are stored in

the absence of oxygen.

Less than 0.02 per cent Og does not

11
cause oxidation, but as Og Is Increased above 0.5 per cent
oxidation is proportional to the oxygen content (7)»
stored at -23°C deteriorate only slightly (25 ).

Samples

Wilder

noted that the rate of loss of carotene from samples ex
posed to atmospheric temperatures was much greater in the
summer than in the winter (34).

The loss varied with the

change in temperature.
Lipase activity has been associated with the presence
of unsaturated fatty acids.

The rate of oxidation of the

lipids, is reduced by the presence of carotene.

Oxygen is

absorbed by carotene from the Unstable diene intermediate
in fat oxidation (6).

The carotene acts as an antioxidant

and thus loses its vitamin activity.

Griffiths and Thompson

found the enzymatic destruction of carotene in stems was
about 70 per cent of the total, and in leaves about 28
per cent (7)0

They accounted for the difference of rates

to the natural antioxidants in the leaves that are lacking
in. the stems.
These same workers, correlating the work of others,
have observed that a very small amount of chlorophyll
catalyses the oxidation of carotene in solution.

The caro

tene acts as an antioxidant stabilizing the chlorophyll (22)®
In ah experiment to determine the enzymatic activity
in various stages of growth of alfalfa, Mitchell calcu
lated the enzymatic destruction in young plants to be no
different than in old alfalfa.

However, more carotene was
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lost from 8-10 inch alfalfa than from mature plants when
the samples had been stored In the deep freeze (20) „
Freezing temperatures. It Is explained, ruptured the cells
altering the protoplasm and making the carotene more sub
ject to enzymatic destruction®

As young plants also con

tain more water, they possibly undergo more severe freezing
damage.

\

Using biological tests, Taylor and Russell (32) con
cluded that barn-stored alfalfa that had lost 75 per cent
of its original carotene gave a decidedly lowered growth
response peh unit of carotene than did a cold storage
control sample»

It appeared that the destruction of

carotene was accompanied by a change in the remaining
carotene causing it to have a lowered vitamin A response®
Studies conducted by Kemmerer and Praps (13) show an In
crease of impurities in crude carotene from 14®9 per cent
to 26®1 per cent in fourteen months of storage»

The caro

tene content dropped from 213 p.p®m» to 65 p.p.m® in the,
same storage period.
found above®

This would correlate with the results
;

Antioxidants in Plants
Little is known about the role of antioxidants in
plant metabolism.

They are important in the plants as they

protect carotenes and other substances from destruction.
Their functions are more thoroughly understood in the

13

animal body,. Willstater and Stall suggested that the
carotenoids themselves might act as antioxidants to protect
chlorophylls from chemical reduction (l4)<,
Ascorbic. Acid.

Late workers again reverted to the

theory that carotene acts as an antioxidant rather than a
pro-oxidant or oxygen acceptor.

These men state that it

is not accidental that plants high in carotene are also
high in ascorbic acid, but the carotene acts in a manner
to protect the ascorbic acid (6 ),

Sideris and Young found

ascorbic acid almost solely limited to the chlorophyllous
sections of leaves.

They suggest that metabolic functions,

rather than the amounts of chlorophyll, are the cause of
the concentrated amounts of ascorbic acid in these regions
(28)0

As vitamin 0 is widely distributed in the active

tissue of higher plants it is either a by-product of
metabolism or active in metabolism.

Thus, vitamin C,

chlorophyll, and carotene> all of which are found in the
same leaf regions, are undoubtedly closely interrelated,
Tocopherols occur predominantly in plants, especially
in vegetable oils.

Their existence in the embryo of seeds

suggests they are stabilizers of fats during dormancy
periods, or have some special function in early plant
development and growth (l4).

The tocopherols occur natur

ally together with other compounds of unknown composition
that are even stronger antioxidants than the tocopherols
(23)0

The alpha, beta, and gamma forms all appear in green

plants«, No satisfactory, explanation exists for the varying
concentrations»

Alpha-tocopherol is most concentrated in

the chloroplasts of plants=

On a dry weight basis the

tocopherol makes up 0,08 per cent of the chloroplast and
0,002 per cent in the cytoplasm (l4).

The presence of

tocopherol in the chloroplast may,be of significance
metabolically, in conjunction with chlorophyll and carotene,
or it may be there is a result of synthesis during the
formation of the green plastids (6),

Tocopherol contents

of alfalfa vary from 11.8 mgm. / lb. in field-cured hay,
to 69»0 mgm. / lb, in green roughage and 173-8 mgm. / lb in
dehydrated alfalfa leaf meal (21).

.EXPERIMENTAL PROCEDURES
Test Plot
The harvesting of alfalfa at the early hud stage under
normal field conditions, and the need for a study of the
plant beyond this stage., of growth, necessitated the. use of
a small experimental test plot.

The growth from a plot

approximately 100 square feet was removed by hand clipping
on May 17, 1954, leaving the crown at the height of normal
field clipping.

'\

:

The site of the plot was adjacent to a farm pond and
irrigation was self provided.

Insect damage was virtually

non-existent.
Method of Sampling .
Previous experiments indicated that daily analyses
were not necessary.

Samples were collected at three or

four day intervals throughout the experiment.
Plant material was cut from every crown in the plot
to make up a composite sample, thus minimizing the effects
that any one plant might cause, and to make all composite
samples as uniform as possible.
Samples, for moisture determinations were cut after the
above regular samplings and were placed in previously tarred
aluminum vessels.
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Handling of Samples
The fresh weight of the material for moisture deter
minations was recorded immediately upon reaching the
laboratory.

The samples were then dried at 105°C for at

least twelve hours, cooled in a desiccator and then re
weighed to calculate the per cent moisture.

#

The field samples were divided into three portions
by.weight.
study.

Portions A and B were used in the carotene

Part C was used for the calculation of the height

of the plant, percentage composition, and for protein
analyses of the leaves and stems.
Sample A.

A blanched control was prepared from two-

fifths of the fresh material.

The alfalfa was placed in

a wire basket and Immersed,in preheated, boiling water for
twenty minutes.

Drying was done by placing the blanched

sample in the exhaust air current of the laboratory
dehydrator,.
Sample B.

Another two-fifths of the material, making

up the regular dehydrated sample, was cut into two or three
inch lengths and spread evenly on wire trays in the dehy
drator.

Dehydration was completed at 6o°C in about two

hours.

After the control and sample were dried they were

ground to a fineness of about #0 mesh in a hand corn
grinder.
Sample C.

The lengths of the plants were measured and

then treated as B.

Leaf and stem percentages were

determined by,hand separation of the dried fractions and
by weighing.

The portions were then ground to 40 mesh.

Blanching;

Control samples were water blanched for

twenty minutes in boiling water to inactivate enzymatic
activity.

Previous experiments did not reveal significant

differences in carotene concentrations of plant material
blanched for different time intervals.

It is realized

that this method removes water soluble materials but other
equipment was hot a v a i l a b l e . A s the Control samples were ,
identically treated, the water blanching should not
greatly influence the results of the experiment.
Dehydration of Samples; ..The dehydrator used in these
•experiments was a gas model designed to duplicate the per
formance of large commercial dehydrators.

All oxygen

entering the drying chamber was drawn through the flame
and should have undergone combustion.
not direct fire, dried the samples.
thermostatically controlled.

These heated vapors,
The temperature was

Results of the commercial

dehydrating units could be closely approximated with the
laboratory model.
Cold Storage:

.
All samples were stored in waxed en

velopes and placed in a deep freeze at -5°C until exposed
to warehouse conditions.
Exposure of Samples:

The refrigerated meal was placed

in flat dishes on August 1, 1954, and exposed to the
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warehouse environment ®

Samples for analyses were taken at

the start of the. trial and a t ,ten day intervals during the
storage period of 30 days.

Average maximal arid minimal

temperatures in the warehouse were approximately 4o°C and
20oC, respectively.
Analyses of -Samples: 'All determinations are calcu
lated on an oven-dry Oasis.

The material to be analyzed

for carotene was dried for one hour at 105°C.

The samples

were then cooled in a desiccator.
Carotene :

Two grams, of the ground plant

material were weighed in a counterpoised dish and
then transferred to,a 100 ml. volumetric flask.
Duplicate samples were run.

Thirty ml. of 30

per cent acetone in Skelly-Sdlve B were added to
the flask.

The flask was swirled, and placed in

t h e :dark overnight at room temperature. .The next
. morning' the samples,were diluted to the mark with
dried Skelly-Solvri B.

A five ml. aliquot was

chromatographed through a magnesia-Superce1*
column and eluted with 5 ml. 4 per cent acetone,
and then with dried Skelly-Solve B into a 25 ml.
graduated.cylinder nearly to the mark and later

A 1:1 mixture by weight of M„0 (Westvaco #2642)
and Hyflo Super Cel (Johns Mansville).

19
filled to volume„

The concentration of carotene

in this solution was determined cororimetrically
in a Lumitron colorimeter using a 440 mu filter.
The instrument had previously been calibrated
against pure beta-carotene.
Protein:

Two hundred mgm. of plant material

was weighed in Hengar papers and deposited in 100
ml. Kjeldahl digestion flasks.

A Hengar granule

and 3-5 ml. of concentrated sulfuric acid were
added.
utes.

Digestion was completed in thirty min
The samples were made basic with 40 per

cent sodium hydroxide and the ammonia distilled
into 30 ml. of saturated boric acid.

The ammonia

was titrated with 0.05 M sulfuric acid.

The

sample was reported as per cent protein (N x 6.25).

RESULTS
The stability of carotene to dehydration is shown in
Table I„

Three definite trends are indicated.

The first

is the steady decrease of the total carotene of fresh
alfalfa with the progressing maturity of the plants.

A

second trend is the progressive decreasing of the concen
trations of carotene in the dehydrated alfalfa samples.
The third, and possibly the most important trend, is the
progressively increasing carotene retention (as per cent
of water blanched control) of the alfalfa as it matures.
While young alfalfa contains a higher concentration of
carotene than mature alfalfa, apportion of this is very
unstable and is lost during dehydration.
The carotene analysis of the storage tests are re
corded in Table II.

In young shoot growth the carotene is

very unstable, but stability increases with plant growth
up to about seventeen days of age.

After this stage of

growth the stability of the carotene is more or less con
stant.

The loss of the

carotene after twentydays of

storage for the 7,10,14,17,22, and 29 days of age samples
are $1 per cent, 34per

cent, 30 per cent, 26 per cent,

25 per cent, and 29per

cent, respectively.

The trends of plant growth are tabulated in Table III.

Physical properties of the alfalfa, age, height, the
ratio of leaf to stem, and the.condition of the plant,
are correlated to the chemical composition, water, pro
tein, the protein content of the leaf and stem, and caro
tene.

As the plant develops, the stems constitute more

of the plant„

Associated with this increase of carbo

hydrates is a slightly lowered protein content of the
leaves and a great decrease of the protein concentration
in the stem.

The plant becomes less succulant, and

carotene and protein values are lowered.

TABLE I
THE EFFECTS OF THE STAGE OF GROWTH OF ALFALFA .
UPON THE..STABILITY. OF .CAROTENE DURING.DEHYDRATION

5-24

Date of Sampling
Age of Plants, Days

7

6-3

6-8

17

22

25

29

265

265

206

127

170

183

155

5-27
.

-10

14

6-11*

6-15

CAROTENE, PPM
Water Blanche# Control

262

327

Dehydrated Sample

206

206

179

190

179

79

63

;68

72

87

Carotene Retention,

%

^Sample Wet in Storage

'

94

TABLE II
THE EFFECTS OF THE.STAGE OF GROWTH OF ALFALFA
.UPON THE. STABILITY OF CAROTENE AS DETERMINED
BY THE RATE,OF LOSS DURING STORAGE . ,
5-24
Date of Sampling
Age of Plant, Days 7

5-27
• 10

5-31
14
CAROTENE

PPM

PPM

'

'

' ;10 ■ ' . ’
-

6-8
22

,

6-11*
25

PPM

PPM

■

PPM

6-15
29

,

PPM

Days in Storage
0

6-3
17

.-

PPM

--

206

206

■ • 153 (74)** ,192 (93)

20

101 (49)

30

———

—***

136 (66)
—

—

179

190

179

183

155

153 (85)

186 (98)

177 (99)

144 (80)

130

125 (70)

l4o (74)

134 (75)

105 (57)

110

91 (51)

110 (58)

97 (55)

74 (4o)

85

* Sample Wet in Storage.
..** Per cent of Carotene in Original Sample.

TABLE III
TRENDS OF PLANT CONSTITUENTS DURING PLANT GROWTH
Date of Sampling

5-24

5-27

5-31

7

10

14

17

Range, inches
A v e ; inches

2-7

6-1I
7

8-14
Hi

10-20
15

Moisture, per cent

84.7

80.3

82.0

Leaf-Stem, per cent 72-28

69-31

62-38

Stage of growth

Pre-bud

Pre-bud

32.3
35.7
23.4

29.4

262

327

Age of plant, days

6-3

6-1

6-11

6-15

22

25

28

Height of plant

80.4;
5^46

.12-24

20
77.1

52-48

Pre-bud Gen. bud. Late bud
to early some
to 10$
• bud
blooms
bloom'

16-28
■ 23

18-30
26

76.0

74.5

49-51

46-54

25 to 5©
per cent
bloom

Late bloom,
some seed ;

Protein Per cent
Total
Leaf
Stem'
Carotene, PPM. .
Mater blanched

26.4

265

24.3
33.1
15.3

19.7

.•

'

18.7

18.4

29.6
8,7
206

170
lost

DISCUSSION
The 5-27 sample of alfalfa lost 37 per cent of the
original carotene during dehydration, while the 6-15 sample
lost ohly 6 per cent.

This Increased carotene destruction

In the young alfalfa Is possibly enzymatic.

Mitchell has

found the enzymatic destruction to be greatest In young
alfalfa (20).
The study Indicates that plants over fourteen days old
lose carotene at a constant rate during storage.

In twenty

days of storage they lost about 28 per cent of the carotene
at thirty days the loss was about 45 per cent.

The first

and second cuttings, however, at twenty days, revealed
slightly greater losses.

The losses were one-half and one-

third of the total carotene content, respectively.

These

samples were not analysed at the end of the trial.

The

carotene in these samples Is less stable than the other.
The carotenes present after dehydration are the all-trans-beta-carotene, neo-beta-carotene U and neo-carotene B
These have been identified as the principal carotenes in
dried grasses and alfalfa (3, 13)»

However, neo-beta-caro-

tene isomers may make up 50 per cent of the carotene in
dehydrated alfalfa meals, although constituting only 28
per cent of fresh alfalfa (3).

The relatively stable
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all-trans-form may be present In smaller amounts in very
young dehydrated alfalfa.

Undoubtedly other isomers make

up the "labile” fraction and readily decompose during
storage.

As the plant matures less conversion of beta-

carotene to the isomer form occurs.
Young immature alfalfa also contains a higher ratio
of sugars to cellulose than more mature plants.

Water

blanching could leach out these soluble sugars and thus
alter the sample.

This would give an abnormally high caro

tene analyses for the water blanched sample.

This could

influence the information in Table I, but would have no
effect upon the storage trial.
Prolonged blanching or freezing, could alter the
natural inter-relationship of pigments in vivo.

Thus, the

protective mechanism of antipxidants would be severed, or
the cell composition "fixed” allowing oxygen to more readily
react with carotene.

Or, if enzymes were present, their

activity would be increased.

As young plants are more

succulent the immature cells undergo more pronounced alter
ation in desiccation and an accelerated rate of oxidation
during storage.
Carotefie oxidation is enzymatic as well as being caused
by heat and light.

In dehydration the plant material does

not reach the temperature of the air until the water has
been evaporated.

The rise in temperature could accelerate
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enzymatic activity until inactivation occurs.

As young

plants contain more water, this incubation period.would be
lengthened.

Enzymatic activity is almost" surely stopped

in complete dehydration.
It is noted that the hay used in this study reached
the preferred harvesting stage in about twenty days.

A

higher carotene content could be achieved by cutting
sooner, but special precautions would be needed to preserve
this extra carotene content. Unless a special market is
i
available the superior quality would not be worth the
.

sacrifice of yield.

CONCLUSIONS
The carotene content of immature alfalfa is very high*
As the plant matures the concentration decreases.
During dehydration the loss of carotene is the greatest
in young plants.

As the plant matures the carotene is more

stable.
The rate of loss of carotene during storage is great
est in the young alfalfa and decreases with growth up to
two weeks of age.

After this stage of growth carotene is

lost at a more or less uniform rate.
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