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INTRODUCTION

THE DETERIORATION of dehydrated carrots in storage involves complex reac-
tions. Although detailed information about these changes is not available at
present, the following general facts are known: (1) the pigments present
disappear; (2) haylike and other off-odors develop; (3) changes in the oil
droplets within the cells result in a positive test for aldehydes with Schiff’s
reagent; (4) the carrots darken (apparently because the amino acids combine
with sugars), and the substance responsible for this change in color is water-
soluble; (5) blanching inactivates enzymes and also modifies other changes
that occur in storage; (6) sulphite preserves color, especially by preventing
the darkening reaction and by acting somewhat as an antioxidant; (7) other
changes unquestionably occur.

In preliminary studies on carrots during processing and storage, the over-
all changes in pigment concentration were expected to serve as a marker for
at least some of the oxidations taking place in the lipid phase. This assumption
was based on the following faects: (1) concentration of pigment may change
greatly in storage; (2) carotene is a pro-oxidant (Olcott and Mattill, 1936a)’
and its breakdown in oil solution results from the previous oxidation of the
oil (Strain 1941; and Sumner, 1942) ; (3) carotene in blanched and in dried
carrots is dlssolved in oil droplets (Weier, 1944a).

This paper reports experiments to test the stability of the pigment complex
in carrots after various treatments. These treatments include blanching, leach-
ing, and soaking in buffers, in solutions of high and low pH, in organic and
mineral acids, and in antioxidants. Pigment concentration has been measured
on the Evelyn colorimeter. Thus far, no attempt has been made to isolate indi-
vidual pigments or to follow the details of their breakdown.

1 Received for publication September 18, 1945.
2 Associate Professor of Botany and Associate Botanist in the Experiment Station.
3 See “Literature Cited” for citations, which are referred to in the text by author and date.
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METHODS

Phloem was secured from five plantings of Red Core Chantenay carrots.
The carrots, which were grown at Davis, were harvested immediately before
use. Seed was sown in April and September, 1943 (plantings 1 and 2) ;in April
and September, 1944 (plantings 3 and 4) ; and in April, 1945 (planting 5).

The technique used was the same as that previously reported by Weier
(1944b), except that more uniform samples were obtained by a careful dis-
tribution of carrot cylinders. That this greater uniformity produced good
agreement between duplicate samples of the same experiment, and between
similar experiments, is shown by figure 1. Curves 1 to 4 (fig. 1) are plots of
carotene degradation in blanched carrot cylinders held at 60°C in moist air
for the time intervals indicated. Curves 1 and 2 are taken from experiments
run on October 16 and 18. Curve 4 is from an experiment of June 27. Curve 3
is the average of ten experiments on pigment breakdown in blanched, summer-
and fall-harvested carrots. The greatest difference obtained in these experi-
ments is shown by curves 1 and 4. Curve 5 represents the carotene degradation
in unblanched carrot cylinders. The points obtained in this experiment are
given on the graph ; agreement was equally good in other curves.

For the experiments with dried carrots two types were used: (1) Carrots,
cut into cubes approximately 1 em on edge, were blanched, treated, and dried
for 20 hours in a laboratory drying oven. They were then stored in glass jars
at 40°C for 3 months, and the carotene was determined at 30-day intervals.
The moisture content was about 7 per cent. (2) Carrots were blanched, treated,
and dried in an experimental dehydrater made by members of the Agricul-
tural Engineering Division. The drying time was 5 hours.

After drying, both types were ground to pass a 20-mesh screen. All powder
small enough to pass a 48-mesh screen was sifted out. The moisture content
averaged 5 per cent. For pigment determinations, boiling water was poured
over a weighed sample of the powder and it was then allowed to stand for 1
hour. Water-soluble pigments that developed during storage were washed
out. The carotinoid pigment was extracted in acetone. Determinations were
made with an acetone extract in the Evelyn colorimeter. The usual precau-
tions for protecting carotene solutions against light were observed. Most color-
imetric examinations were made within 2 hours after extraction, and when
this was not possible, solutions were held at 4°C until examined. All deter-
minations were completed within 18 hours after extraction. In this 18-hour
interval, no change occurred in the pigment held at 4°.

Dilutions of the pigment extracts showed a straight-line relation when
examined on the Evelyn colorimeter, provided the galvanometer readings
were kept between 30 and 70. The deviation from a straight line beyond 70
was considerable. Results were calculated in terms of the optical density of
pigment per gram of fresh carrots. Since constants have been worked out with
Eastman Kodak carotene (10 per cent A, 90 per cent B), the results could be
expressed in micrograms of this sample. Such a procedure, however, seemed
unwise, because neither the pigments of the carrot extract nor the detailed
changes occurring in these pigments have been analyzed. Unquestionably,
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however, the density as measured by the Evelyn colorimeter represents con-
centration of pigments. To facilitate comparisons between experiments, re-
sults have been expressed on a percentage basis.

RESULTS

Age and Season. Carotene content varies with age and season. Planting 3
was sampled over a period of 10 months ; other plantings for shorter periods.
The first carrots selected for experimentation in planting 3 were 100 days old-.
Expressed in terms of Eastman carotene, the phloem in these carrots con-
tained about 88 micrograms of carotene per gram of fresh carrot. During the
next 30 days, the amount of pigment doubled to 176 micrograms per gram of
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Fig.1. Rate of carotene breakdown in the phloem of summer- and fall-harvested carrots:
curves 1, 2, and 4, separate experiments on blanched phloem ; curve 3, average of 10 summer
and fall experiments on blanched phloem; curve 5, summer experiment on unblanched
phloem.

40

fresh carrot phloem. This concentration remanied fairly constant from the
middle of July to the middle of October. The amount then increased rather
rapidly to 264 micrograms, which remained constant for the remainder of
the experiment. Higher figures were occasionally obtained, the highest being
320 micrograms in a late-October experiment. Judging from the evidence, the
pigment of California-grown carrots increases slowly for as long a time as 7
months, and does not remain constant after 130 days, as Barnes (1936) reports
for carrots grown in New York. There is no evidence that the amount of caro-
tene decreases during the California rainy season.

Unblanched Carrots. Pigment concentration of fresh carrots plotted
against time on semilog paper results in a straight line (fig. 1, curve 5) and
therefore follows a first-order reaction. Zero time was determined by extra-
polation of the curve to 100 per cent carotene. The k value* for the curve shown

‘In caleulating k¥ from the expression (l log _“) , the time is in hours, the logarithm
to base e. . t 2-x
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was 10.7 at 4 hours; it remained practically constant over 30 hours, varying
only from 9.05 to 9.88.

The rate of pigment breakdown in unblanched carrots varied with the
season. This variation is shown in table 1. The pigment was least stable in the
fall, as is indicated by a high value for %. Its stability increased during the
winter, and as the carrots aged. The rate of pigment degradation was most
rapid by the end of 4 hours’ incubation in all experiments except one—that
earried out on April 9, when no breakdown had occurred at 4 hours.

In sample 4 (planted in September, 1944) the rate of pigment disappear-
ance agreed closely with that noted in the older sample when the roots of both

TABLE 1
RATE OoF CAROTENE BREAKDOWN, AS INDICATED BY THE SPECIFIC RATE CONSTANT k, IN
UNBLANCHED CARROTS HARVESTED AT DIFFERENT SEASONS AND
INCUBATED AT 60° C IN MoIST AIR

Planted 1943 ) Planting 3, planted April, 1944 Pg’:;é:gggg l?gffd

Hours
Feb. Feb. Sept. Oct. Nov. Dec. Feb. April March | March | April

9, 15, 23, 14, 15, 2, 9, 15, 22, 23,
1944 1944 1944 1944 1944 1944 1945 1945 1945 1945 1945

k k k k k k k k k k k
4 | 10.8 3.8 0 .

6 | .| 3.2 9.7 6.7 5.6 ..
8 | ... .. 3.1 9.9 6.5 4.8 5.8 2.1 2.4 7.4 6.4
21 4.4 4.0 3.1 9.7 4.7 4.7 3.9 1.9 1.7 6.5 5.7
26 | | 4.7 9.5 4.6 4.6 3.1 2.0 1.4 5.4 10.0

samples were dormant (March 15). When spring growth was resumed (March
22), however, the pigment was much less stable in the younger roots than in
the older ones. The spring season was such that both plantings bolted upon
the resumption of growth. The carrots sown in September of the previous
year (planting 2) had grown vegetatively several months before bolting.
Although rate studies were not carried out on this planting, the figures avail-
able indicate a rapid breakdown of the pigment in spring-harvested carrots.
A series of four experiments run during February, 1944, in which un-
blanched carrots were treated like those studied in February, 1945, gave the
following values for k after 21 hours’ incubation : 3.95, 4.37, 4.23, and 3.95.
Blanched Carrots. Season also affected the stability of carotene in
blanched undried carrots. During a given season, however, the stability of the
carotene was constant. Good agreement was obtained between experiments on
a single culture carried out during the summer and fall of 1944 (fig. 1, curves
1 to 4). In winter and spring the pigment in the roots of this same planting
was more stable (fig. 2, planting 3, winter). The agreement among nine experi-
ments was good; the curve shown in figure 2 is the average. Furthermore, dif-
ferent plantings harvested in the same season of different years agreed well
in rate of carotene breakdown (fig. 2). There is one exception—compare
spring-harvested carrots of plantings 2 and 4. These carrots were planted in
September of 1943 and 1944, respectively, and harvested in the springs of
1944 and 1945. Planting 2, however, had a long growing season in the spring



Sept.,1947] Weier: Rate of Pigment Degradation in Carrots 489

of 1944, whereas planting 4 bolted immediately upon the resumption of
growth. Pigment broke down rapidly in the growing, spring-harvested carrots
of planting 2, but remained stable in the bolting, spring-harvested carrots of
planting 4. Planting 5 was sown in April, 1945. When first examined in July,
the roots were growing vigorously. The results (fiz. 2, summer, 5) agree
closely with those obtained for other summer-harvested roots.

In eighteen out of twenty experiments on blanched carrots, the rate of pig-
ment breakdown was slow at the start of the experiment, but increased at
longer incubation periods. The two exceptions were obtained with winter-
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Fig. 2. Rate of carotene breakdown in blanched cylinders of carrot phloem. Seasons are
indicated. Numbers refer to planting of carrots.

harvested roots. Values for k, calculated as the constant for a first-order
reaction during the summer, ranged from 0.00 at 4 and 8 hours to 3.80 at 26
hours. In winter the values of k& ranged from 0.00 at 4 and 8 hours to approxi-
mately 0.48 at 26 hours. .

Judging from the course of the reaction as shown by these results, the
summer-harvested carrots contained an inhibitor, which slowed up the reac-
tion during the first 8 hours of incubation. As the inhibitor was destroyed, the
rate of pigment degradation increased.

Leaching Blanched Undried Carrots. It was previously reported (Weier,
1944b) that the stability of carotene is lowered if the carrot dice are washed
after blanching, and that this is more apparent in winter than in summer.
These results have been corroborated and extended (fig. 3). Curves 1 and
1 leach (fig. 3) show the difference in rate of carotene breakdown in blanched
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dice (summer-harvested) when washed after blanching (curve 1 leach) and
when not so washed (curve 1). Similarly, curves 2 and 2 leach show the rate
of pigment breakdown for winter-harvested carrots. Carrots were washed in
running water for 20 minutes immediately after blanching. The difference
between washed and unwashed dice was several times greater in winter-har-
vested than in summer-harvested carrots. Carotene was more stable in winter-
harvested carrots, however, even after washing, than in unwashed summer
carrots. '

Leaching Blanched Dehydrated Carrots. Washing after blanching less-
ened the stability of the pigment in dried blanched carrots—a fact illustrated
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Fig. 3. Rate of carotene breakdown in carrot phloem washed after blanching, as con-
trasted with unwashed blanched carrot phloem. Curves 1 and 1 leach, summer-harvested
carrots, 1944, Curves 2 and 2 leach, winter-harvested carrots, 1944, 1945. Curves 3 and

3 leach, spring-harvested dried carrots, ground, stored in oxygen at 60° C, and analyzed
at the hours indicated.

by the curves in figure 4. In this series of experiments, earrots were diced
and blanched. After one half of the dice had been soaked in water for 20
minutes, both samples were dried and stored at 40° C for 3 months. Analyses
were made every 30 days.

In seven out of eleven experiments on blanched washed carrots carried out
between July 7 and October 31, the specific rate constant varied but slightly
during the course of the experiment. It varied, for example, from 2.34 to 2.72;
from 2.02 to 2.36; and from 2.48 to 2.52. In the other four experiments it in-
creased during the course of the experiment—for example, from 1.04 to 2.42
and from 1.41 to 2.74. Although this indicates some retardation in the rate of
breakdown during the initial hours of the experiment,the retardation is less
than in the unwashed blanched carrots. (Compare 1.04 to 2.42 for blanched
washed carrots with 0.00 to 3.80 for blanched unwashed carrots.) In these
latter four experiments it may be assumed that the inhibitor was not com-
pletely removed by the leaching.
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Fig. 4. Rate of carotene breakdown in winter-harvested dehydrated carrots stored at
40° C and analyzed monthly.
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Fig. 5. Rate of carotene breakdown in cylinders of summer-harvested, blanched carrot
phloem that was impregnated with standard phosphate buffer at pH 7.1.

In still another series of experiments, carrots were blanched ; one half of
the sample was leached in distilled water. They were dried and ground. These
samples were incubated over oxygen at 60° C. The results are shown in curves
3 and 3 leach (fig. 3). The carotene in the leached sample broke down more
rapidly than that in the blanched, unleached sample.

The evidence obtained indicates that when blanched carrots are washed,
some substance that acts to retard the breakdown of pigment is removed.

Buffer Treatments—Undried Carrots. Pigments in summer-harvested
carrots that had been blanched and treated with phosphate buffers close to
neutrality, were stable when incubated at 60° C in moist air (fig. 5, summer).
The pigments in summer-harvested carrots that were leached after blanching
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and then treated with neutral phosphate buffer were stable (fig. 5, summer,
leach and phosphate). In these experiments the blanched carrots were soaked
in the buffer for 20 minutes and were kept moistened with it during incuba-
tion. In the tests that furnished the data for the spring curve of figure 5, the
blanched dice were soaked for 20 minutes in the buffer. During incubation the
dice were moistened with distilled water ; from these, soluble phosphorus com-
pounds diffused during incubation (fig. 7). The results indicate that the
breakdown of pigment was retarded somewhat by soaking the dice in neutral
phosphate buffers before incubation. (Compare fig. 5 with fig. 2, summer and
fall curves.)
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Fig. 6. Rate of carotene breakdown in eylinders of blanched carrot phloem, impregnated
with standard phosphate buffers at pH 8 and 6 and standard borate buffer at pH 7.1.

40

A neutral borate buffer did not stabilize the carotene. Blanched dice were
soaked in the buffer for 20 minutes and kept moistened with it during incuba-
tion in moist air at 60° C (fig. 6, borate).

Acid and alkaline phosphate buffers differ in their protective properties.
In blanched dice that were soaked in these buffers and moistened with them
during incubation at 60° C, the pigment was degraded more slowly than in
unphosphated blanched dice. (Compare fig. 6 and the curves for summer-
harvested carrots of fig. 2.) Alkaline phosphate buffers protected the carotene
much more than did the acid phosphate buffers. Neither acid nor alkaline
phosphate buffers stabilized the pigment so well as the neutral phosphate
buffer (fig.5).

Buffer Treatments—Dehydrated Carrots. Results of phosphate treat-
meypts of dried carrots are at variance with each other. Winter-harvested car-
rots were diced and blanched. They were treated in vacuum for 5 minutes,
with dilute solutions of NaH,PO, and Na,HPO, and standard buffer solutions
at neutrality and at pH 8. The dice were dried and stored in air at 40° C for
3 months. Carotene determinations were made monthly. Pigment degradation
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was faster in the phosphated dice than in the control blanched dice. After 3
months’ storage, blanched dehydrated carrot diece still retained 83 per cent
of their original carotene, whereas phosphated dice contained only 74 per
cent.’

Leaching of Soluble Phosphates. Leaching of soluble phosphate was
tested under the experimental conditions (fig. 7). Phosphorus determinations
were made according to the method described by Carolus (1938). In raw,
untreated carrots the phosphate diffused very rapidly. About 10 per cent of
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Fig. 7. Rate of diffusion of soluble phosphate from raw, blanched, and blanched leached
cylinders of carrot phloem.

the soluble phosphorus was lost in blanching, and another 40 per cent in
leaching. Phosphorus continued to diffuse from all earrot dice during incuba-
tion. Its rapid disappearance from untreated dice and its low value in the
dice after washing could account for the greatly increased carotene break-
down in these carrots. (Compare fig. 6 with the previous figures.)

Blanched dice soaked in phosphate buffer contained at least three times the
normal amount of phosphorus. Conceivably, phosphate may retard the break-
down of the carotene during the initial stages of the reaction. Phosphates and
phosphoric acid are known to be antioxidants (Eckey, 1932).

Organic Solvents—Undried Carrots. Many antioxidants are fat-soluble,
and in order to impregnate blanched carrot dice with them, a solvent must be
used that will carry the antioxidant but will not remove the pigments. The

8 These carrots were stored in an oven without foreed draft. Localized convection currents

over prolonged periods of incubation may account for a 100 per cent difference in paired
samples, especially since the oven had to be crowded.



494 Hilgardia [Vol.17,No.14

stability of the pigments was tested after shaking the diced carrots in alco-
hols. These experiments were made with winter-harvested carrots, in which,
because of the stability of the pigments, the effect of the alecohols on the
inhibitor system could also be observed. The carotenoids are virtually insol-
uble in the concentrations of alcohols used; but small amounts of pigment
were washed from the dice during the immersion in the alcohols.

Some blanched carrot dice were shaken for 30 minutes in 70 per cent ethyl
aleohol, and others in 40 per cent methyl alcohol. All were then washed in
several rinses of distilled water to remove as much aleohol as possible. During
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Fig. 8. Rate of carotene breakdown in blanched cylinders of winter-harvested carrots
treated with aleohol after blanching. Dotted lines show the rate of carotene breakdown in
blanched and blanched leached, winter-harvested carrots.

incubation they were moistened with distilled water. The breakdown of the
pigment was comparable with the breakdown in dice that were washed in
running water (fig. 8).

Raw dice infiltrated with 70 per cent ethyl alecohol were rinsed several times
in distilled water and were moistened with it during incubation; see fig. 8,
curve labeled “ethyl alecohol (raw).” A control experiment with untreated
dice (curve not included in fig. 8), run concurrently, showed good agreement.
The curves coincide at 4 and at 26 hours. The aleohol-infiltrated dice contained
10 per cent more pigment at 8 and 21 hours.

Blanched dice were infiltrated with 10 per cent NaOH in 40 per cent methyl
alcohol. They were then washed, and were kept moistened with distilled water
during incubation. The pigment decomposed very rapidly (fig. 8). Alkaline
methyl alcohol must, in some way, destroy the inhibitor system that is present
as a result of blanching.

Mineral Acids and Bases. The stability of the pigment in winter-harvested
carrots facilitates a study of the influence of various substances on the in-
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Fig. 9. Rate of carotene breakdown in blanched cylinders of winter-harvested carrots
treated with inorganic acids after blanching. Dotted lines show the rate of carotene break-
down in blanched and blanched leached winter-harvested carrots.
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Fig. 10. Rate of carotene breakdown in blanched cylinders of winter-harvested carrots
treated with SO, after blanching. Dotted lines show the rate of carotene breakdown in
blanched and blanched leached winter-harvested carrots.

hibitor system, which is released or activated by blanching. Blanched dice of
winter-harvested carrots were soaked in aqueous solutions of the following
materials : 5 and 20 per cent NaOH ; approximately 0.5 molar H,SO,; H,SO,
to give approximately 1 part SO, in 1,000 parts water ; approximately 1 molar
HCI; 0.5 per cent Na,SO,; and approximately 0.5 molar H,PO,. In all treat-
ments except with one Na,SQO,, the blanched dice were washed after soaking
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and were kept moist with distilled water throughout incubation. The results
of these experiments are shown in figures 9 and 10. The presence of Na,SO,
during incubation protects the pigment (fig. 10, Na,SO, present).

Pretreatment with H,PO, and 20 per cent NaOH apparently does not affect
the inhibitor system. The rate of pigment degradation compared well with the
rate of breakdown in blanched and washed carrots (fig. 9).

Pigment decomposition was accelerated by soaking blanched dice previous
to incubation in H,SO,, H,SO,, Na,SO,, HC], and 5 per cent NaOH, when
these were not present during incubation (figs. 9 and 10). The action of the
inhibitor system present in the dice after blanching was, in some manner,
destroyed or hampered by these substances.

Dice blanched and treated with HCl were washed in distilled water and
soaked in neutral buffer solution. They were moistened with buffer throughout
incubation. Pigment degradation was comparable with that of blanched and
washed winter-harvested carrots (fig. 9, HCl + NaH,PO, buffer 7.1).

Organic Acids—Undried Carrots. Blanched dice of winter-harvested car-
rots were shaken for 30 minutes in solutions of various organie acids (Olcott
and Mattill, 1936b). They were then drained and separated into two groups.
One group (curves numbered 1 in figs. 10 and 11) was moistened with the acid
during incubation. The second group (curves numbered 2 in figs. 11 and
12) was rinsed in distilled water after treatment with the acid and was
moistened with distilled water during incubation. This procedure allowed the
acid to diffuse from the dice, so that it was possible to differentiate between
an interference with the action of the inhibitor and a stabilization of the pig-
ment by the acid. The following organic acids were used: 0.1 molar oxalie
acid ; 0.25 molar maleic acid ; nordihydroguaiaretic acid, 1 part in 3,500 parts
6 per cent ethyl aleohol ; 0.1 per cent gallic acid ; 0.1 per cent ascorbic acid ; and
sodium salts of oxalic and maleic acids adjusted to neutrality by the addition
of NaOH. ,

Treatment with the sodium salts of ‘oxalic and maleic acids had no bene-
ficial effect (fig. 11). The results agreed well with those obtained from experi-
ments on blanched dice of winter-harvested carrots. Soaking and incubation
with sodium maleate greatly accelerated the degradation of the pigment.

Treatment with nordihydroguaiaretic acid, before and during incubation,
markedly decreased the decomposition of the pigment (NDGA 1, fig. 12).
When the nordihydroguaiaretic acid was washed out before incubation, the
pigment was degraded more slowly than in blanched and washed winter-
harvested carrots (NDGA 2, fig. 12). Treatment with oxaliec acid likewise
appeared to protect the carotene, the results being about the same whether
it was applied during incubation or only before (oxalic, 1 and 2, fig. 12).
Gallic acid and ascorbic acid, when present during incubation, also protected
the pigments. Washing after treatment with gallic and ascorbie acids gave
results that approached those of blanched and washed winter-harvested car-
rots. Maleic acid, when present during incubation, produced similar results.
Breakdown was always more rapid in the dice that were washed after infiltra-
tion with the acid than in those that remained unwashed. When maleic acid
was washed from the dice and the carrots were moistened with distilled water
during incubation, the breakdown was very rapid.
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Fig. 11. Rate of carotene breakdown in blanched cylinders of winter-harvested carrots
treated with sodium salts of maleic and oxalic acids after blanching and moistened with

the salt (1) or with distilled water (2) during incubation. Dotted lines show the rate of
carotene breakdown in blanched and blanched leached winter-harvested carrots.
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Fig. 12. Rate of carotene breakdown in blanched cylinders of winter-harvested carrots
treated with dilute organic acids after blanching and moistened with the acid (1) or rinsed
and moistened with distilled water (2) during inecubation. Dotted line shows the rate of
carotene breakdown in blanched leached winter-harvested carrots. The curve for the blanch
experiments corresponds to the curve for the oxalic acid treatments.
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Organic Acids—Dehydrated Carrots. In another series of experiments,
dice were soaked in these organic acids for 30 minutes. They were then dried
to about 6 per cent moisture and stored at 40° C in air for 3 months. Carotene
determinations were made monthly (fig. 13).

In dried carrots infiltrated with nordihydroguaiaretic or dipped in ascorbie
acid after blanching, the pigment was very stable (NDGA and ascorbic dip,
fig. 13). Soaking blanched carrot dice in ascorbic acid for 30 minutes under
vacuum appeared to prolong the induction period ; but breakdown of pigment
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Fig. 13. Rate of carotene breakdown in diced, blanched, dried carrots treated with anti-
oxidants after blanching and stored at 40° C for 3 months.

was rapid once it had started (ascorbic aspirate, 30 min., fig. 13). Maleic acid
also appeared to prolong the induection period. The pigment broke down
rapidly after the treatment with oxalic acid (fig. 13).

DISCUSSION

Quality deterioration of dehydrated carrots appears to have 4t least two
separate causes : deterioration in an oil-pigment fraction, and reactions in an
aqueous fraction. Thus far, changes in the aqueous fraction have been con-
sidered only in a general way.

Results indicate that pigment breakdown may be stabilized by antioxidants.
These results, however, are only preliminary ; they need verification on other
varieties of earrots grown in other localities. Spectrometric studies on pigment
degradation might well revise the findings reported here. The investigations
on rancidity changes in vegetable oils suggest other combinations of anti-
oxidants that might improve the keeping qualities of dehydrated carrots.
Some of these possibilities are being studied.

The present data indicate that antioxidants may be helpful in preserving
the quality of dehydrated foods. Tressler and Du Bois (1944) and Bauern-
feind and Siemers (1945) have shown that ascorbic acid, acting as an anti-
oxidant, will prevent browning in peaches. According to Mills and Hart
(1945), 0.9 per cent diphenylamine greatly retarded the breakdown of caro-
tene in dehydrated oats and alfalfa.
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SUMMARY

The rate of pigment breakdown in raw carrots incubated in moist air at
60° C was uniform. It sometimes decreased after prolonged storage.

The rate of pigment breakdown in blanched carrots incubated in moist air
at 60° C indicated that an inhibitor of some kind retarded the rate of break-
down during the initial stages of the reaction.

The pigments in earrot roots were more stable in winter-harvested than in
summer-harvested carrots.

Neutral phosphate buffers, nordihydroguaiaretic acid, Na,SO,, oxalic acid,
gallic acid, and ascorbic acid, when present in the blanched undried carrots
during incubation, retarded the rate of degradation of the pigment.

Nordihydroguaiaretic acid and ascorbic acid retarded the rate of pigment
degradation in blanched and dried carrot dice.

HCI, H,80,, H,SO,, and Na,SO, destroyed the inhibitor system released
by blanching. The pigment was degraded very rapidly when blanched dice’
were treated with these substances prior to incubation, when they were not
present during incubation.

A substance that protects the carotene in carrot tissue after blanching may
be leached from blanched dice by washing in running water.
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