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INTRODUCTION

It is an established fact that the principal pigment of the
sweet potato is Beta-carotene. 8Since Beta-carotene is a vitamin
& precuréor the amount of Beta-carotene in sweet potatoes has
undergone extensive investigation. Few attempts have been made
to identify the pigments of the sweet potato other than Beta-
carotene, but theres have been some investigations of their car-
otene/total pigment ratio. There are some variations in report-.
ed values of the carotene/total pigment ratio.

Some varietics of sweet potatoes, after baking, have an
undesirable brown color. It is believed that one or more of the
non-carotene pigments of the sweet potato might cause this un-
desirable ceolor.

Gith these congiderations in mind an investigation was under-
taken to delermine the identlity of the non-carotene pigments of
the sweet potato, and some possible caases for the variations

in reported values of the carotene/total pigment ratio.



REVIEW OF LITERATURE

Carotenolds are the yellow to deep red or purple, nitro-
gen-free, polyene pigments containing a chromophoric system
of conjugated double bonds. Carotenoid hydrocarbons are call-
ed carotenes. Xanthophylls are the oxygen derivatives of car-
otenes; they may be alcohols, ketones, hydrox}-ketones, ethers,
aldehydes, esters of carotenoid alcohols, aclds, or esters of
carotenoid acids.

Botanists and chemists have exibited an interest in the
carotenoid pigments since the days of Berzelius, but they were
originally hampered by the lack of good methods of separation.
Fundamental advances in carotenoid chemistry became possible
in 1906 when Tswett, a Polish botanist, put forth his original
proposals for adsorption analysis. This technique is more gen-
erally termed chromatography. Tswett extracted green leaves
with a light petroleum fraction and passed the extract through
a column of finely powdered calcium carbonate contained in a
vertical glass tube. From his observations of the various
green and yellow zones Tswett declared, against all opposition,
that chlorophyll was a mixture of two components and that leaf
carotene was not a chemical entity, but a mixture of two or
more homologues.

Tswett's work with carotenoids was generally disbelieved
and it was not until 1931 that Kuhn, Winterstein and Lederer

successfully introduced chromatography into the preparative



field of the polyene pigments. Until that time practically noth-
ing was known of the structure of the carotenoids. Today the
structure and physical properties of a considerable number of the
carotenoids have been definitely determined, owing primarily to
the work of Karrer, Kuhn, Zechmeister, Strain and many other work-
ers. Extensive use and improvements in Tswett's chromatographic
technique have made this rapid advance in carotenoid chemistry
possible. The chromatographic technique for the isolation of
carotenoid pigments is described in Strain's (21) Leaf Xantho-
phylls, Strain's (20) Chromatographic Adsorption Analysis, and
Zechmeister and Cholnoky's (25) Principles and Practice of Chro-

matography.
Carotenoids are widely distributed in the plant kingdom.

They are found in the leaves of all green plants and in many
primitive plant forms such as bacteria, yeasts, and algae.
Usually more than one carotenoid occurs in a given plant and
usaally both carotenes and xanthophylls are present. Certain
plants may contain a particular carotenoid in relative abundance,
and thus may serve as a good source for its preparation. Strain
(19) states that a number of carotenoid pigments have been found
in most or all higher plants thus far examined. They are: cry-
ptoxanthin, lutein, zeaxanthin, violaxanthin, flavoxanthin, neo-
xanthin, and Beta-carotene. ©Strain further states that of the
chloroplast pigments, the xanthophylls are subject to the great-
est variation. Different xanthophylls predominate in plants
belonging to different classes and many plants do not contain a

single xanthophyll in common.



Carotenoids are relatively insensitive to alkali. Thus car-
tenold esters are often hydrolyzed in alkali to free the carote-
noid alcohols or aclds. They are sensitive, however, to acids,
heat, light, and air oxidation. It has been found that, in gen-
eral, the xanthophylls are more unstable than carotenes. They
also show with relative ease the phenomena of isomerization.
Zechmeister (24), (26) has studied extensively cis-trans iso-
merization of Beta-carotene. He has prepared some ten isomers,
determined their absorption spectra, and given them names that
are prefixed by neo (e.g. Neo-Beta-carotene B and Neo-Beta-caro-
tene U). Pauling (18) concluded that only certain of the double
bonds are avallable for cis-trains isomerization, Beta-carotene
thus having only 20 possible cis-trans isomers instead of a
possible 1,056.

In 1936 Matlack (12) reported the presence of Beta-carotene
in sweet potatoes which fact has been confirmed by many workers.
He also reported the presence of another pigment which he be-
lieved to be violaxanthin. In 1945 Kemmerer, Fraps, and Melnke
(11) reporting on the constituents of crude carotene of some
human foods indluded sweet potatoes in their research. Using
three varieties they found an average of 86 per cent Beta-caro-
tene, 4 per cent neo-Beta-carotene B, and 10 per cent impurity
A. Impurity A4 is the term that fhéy used for unidentified pig-
ments. They reported the absence of neo-Beta-carotene U and
Alpha-carotene in sweet'hotatoas. They used a column of cal-

cium hydroxide for the adsorbent. The pigments were eluted and



the amounts were read on a KWSZ colorimeter, They used the total
amount of pigment recoverable from the column as 100 per cent
rather than the amount present before chromatographing. They
stated that the recovery in all but six samples was over 90 per
cent., This seemed to stimulate interest in the pigments of the
sweet potato other than Beta-carotene. There have been no other
reports in the literature on the identity of any of the non-caro-
tene plgments, but there are several published articles on the
carotene/total pigment ratio of sweet potatoes.

In 1946 and again in 1948 Ezell and Wilecox (1), (2) reported
that the carotene/total pigment ratio varies among and within
different varieties of sweet potatoes, and that this ratio in-
creases with greater concentration of total pigments. Their
values ranged from a ratio of about 30 per cent for sweet potatoes
having less than one mg. total plgment per hundred gms. of pota-
toes to 88 per cent for varieties having six mgs. per hundred
gms. They used the Wall and Kelley (23) method of extracting
and determining the carotene. The total pigments were deter-
mined before chromatographing, and the carotene after chromato-
graphing. Both were read in a colorimeter using a 440 milli-
micron filter. 1In 1949 Miller, Melamoy, Hiﬁall, and Hernandez
(15) reported on the carotene/total pigment ratio of fourteen
varieties of sweet potatoes. The lowest value obtained was 89
per cent and four varieties had 101, 102, 103, and 106 per cent.
In no case was total pigment less than 5 mgs. per hundred gms.
The method of carotene analysis used was that of 0'Connor,

Heinzelman, and Jefferson (17) in which cold ethyl alcohol is
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PART I

GUALITATIVE DETERMIMWATION OF SWHUET POTATO PICKENTS
guipment. The chromatographic adsorption tubes were ob-
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field, flew Jersey. They weres {itted with ground glass jolints
for sase of adsorpent removal, with the mals connectlon sealed
with a perforated glass plate. The larg:
was used princlpally for the concentration of pigments. The
small columns, 19 ¥ 200 mm., were used for separation of the
pigments.

The absorption specira were obtalned by the use »f a Beck-

man model DU photoelectric guartz specirophotometer.

Adsorbents. Numerous adsorbents were tried. Calcium car-

bonate was discarded because of the difficulty of preparing it
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in an active form. Calecium ort
non-carctene nigments at the top of the column., It adsorbed

too strengly to allow an adequate separation, but was usefnl for
concentrating the nigments. Iaegnesium oxide, activated dical-
cium phosphate, and zlnc carbonatle wers found to be the best ad-
sorbents for this type of expzriment. %inc carbanate was used
in most of the experiments because of its ready availability

and the fact thal it needed no activaiion.

Cxperigental Kethods. The pigments from a number of varie-

ties of sweet potatoss were extracted with a mixture of two

volumes of ethanol and one volume of veiroleum ether (Skellysolve



B. B. P. 60°%-700 C.) in Varing blendors. Water was added to the
extract until two phases separated. The alcohol-vater layer was
then washed free of plgments with small guantities of petroleum

gther. A4lcohol was rewoved Irom the combined petroleum ether
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by washing The extract was dried over an-

p..:.
3o}
P.J
(%)
s
v
C+
O
=
«

cxtracts
hydrous godium sulfate. This extract was chromatographed on a
colunn, (38 % 270 ma.) composed of a one to one mixtare of zine
cerbonate and diatomaceous earth (Johns-ianville Hyfls Super-Cel).
Carotene was washed into the eluate wlth petroleum ether.'.The
nigments remaining on the coluzn were sluted with & 2 per ceat
by volume zolution of alcohol 1n petroleum ether. Two green bands,
probably chlorophylls, were not eluted by the aleohol-patroleum
ather solution. The petrolsum ether (total volume 20C xls.) was
washed free of alcohol with water and driled over anhydrous sodium
sulfate.

Four coluamns (1% ¥ 200 mnm.) of the zinc éa honate~dial
macenils sarth sixture were prensrsd by anplying suction, and

succeasively as into niace. Ten mis, of

pelroleam ethier were added to aeach of the coluamns followed by

25 mis. of the extract. The columns wors develoned with petro-
leum ethier for a period of ¢leven hours. A brigh

Followed by an orange bend slowly woved down bhe
y J

vasged into the eluate in abouat Lwo hours time.

1

werse collected separately {or determination of thelilr absorpilon

spactra. 2lter developing the colunns for sleven hours the pig-

ments had senarated intoe tuo distinct bands, a lower vellow band
& 3 «

and an orange band just above it. GSome brownish-orange plgment



remained adsorbed near the top of the ceolumns. The columns were

plgments wers divided into

b

extraded and the parts containing the
gix fractions. The pigments in each fraction vwere elated with

Iy

L ] solution of alcohol in poetroleum cether

A npumber of earliler experiments were run, but this was the
most successlul experiment. Teriinent data from these esarlier
gxperiaents will be brougnl out in the section on results and dis-
cusgint,.

Pigments of sweet potato varietles 10x3-128 and 30x43-10 were

wn

chrogatographed separately and the absorption curves for the non-

'

carctene pigments were deterpined to see if There was any appre-

l

:lable dliference in the two verieties, and to gelt a comparison

C

with Beta-carotene aud

hieguits and Discussion. &3 already noted, the pressnce of
Beta-carotene in sweet polatones repsried by katlack (l2) has been
confirmed by many other workers. iatlack also rsported the pre-
- . Pal R T P ERTN * o S - T o £ X EN 1 2 e $
senca of anotier nigment whilelh he belleved to be violaxanthin.
The absorption curves ifor Bela-carotene, violaxanthin, and the
non-carotene vigments of the sweet potato are shown in Figure 1.
This indicates that the ankuown vlgament or wixture of plgments is

not violax:

thiin, althoagh it does not preclilude ths pe

of the non-carotene plgments bHelng a nlxture of pigments of which

violaxanthin is one.

F47]

ine absorption curve for the bright yellow pigwment that was
washed through the colamn after developing the colamn for tuo
hours with 2etroleum ether is given in Figure 2. Ugpon rechroma=-
togravhing 1t formed only one zone indicating that 1t was a chro-

matographnically homogenous compound. This pigment was separated
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and the results reproduced in three different experiments. Max-
ima were at 455 and 434 millimicrons.

Figure 4 shows the absorption curve for the yellow pigment
that was fixed on the column after developing the chromatogram
for 11 hours. Of the six fractions into which the column was di-
vided, the lower two were found to be identical. Maxima were at
427 and 402 millimicrons. The absorption carve for the orange
pigment just above this yellow pigment is given in Figure 5.
Maxima were at 452, 427, and 402 millimicrons. This pigment may
have been contaminated with some of the yellow pigment that was
adsorbed just below it since the maxima of 427 and 402 milli-
microns were repeated.

Table 1 lists the absorption maxima of the carotenoid pig-
ments that might be expected in sweet potatoes. The absorption
maxima of the pigments found in this investigation are also listed
for purposes of comparison. ThL absorption maxima of the unknown
pigments isolated from sweet po;atoes do not check with that of
any of the listed carotenoid piéments or with that of any of the
other carotenoid pigments found:in the literature.

Two pigments were obtained in a state of chromatographic
homogeneity as shown by fallure of repeated absorption and elation
~to modify the spectral properties. The non-carotene pigmentsiof
the sweet potato would logically be expected to be carotenoids
because of their chromatogra;hic behavior and the nature of the
other pigments present. The absorption maxima of the pigmentﬁ
that were isolated did not correspond with those of the described
carotenoid pigments. The pigments isolated could possibly have

been isomerization products of carotenoids. Isomerization of



the samples was avolded as much as possible by refrigerating,

avolding heating methods for concentrztion, using brown flasks

P
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when available, and keeping in tizhtly stonered flasis when aot

neing studied,
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Table 1

Comparison of Absorption Spectra of Common Carotenoid Pigments

and the Pigments Isolated from Sweet Potatoes in This Work

Pigment Absorption maxima in
millimicrons

Beta-carotene? 483.5 452 424
Violaxanthin 472 442.5 417.5
Lutein 476 446.5 420
Zeaxanthin 482.5 451.5 423
Crytoxanthin 484 451 423
Flavoxanthin 450 422
Neoxanthin 466 436
Pigment MixtureP 452 427
Unknown Pigment 452 427
Unknown Pigment 455 434
Unknown Pigment 427 402
Unknown Pigment 452 427 402

a(13), (21)

Solvent petroleum ether B.P. 70°-80° C.

nggerimentally determined. Solvent-petroleum ether B.P.
0°-

70° c.
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FIGURE 1

A COMPARISON OF THE ABSORPTION

SPECTRA OF BETA-

CAROTENE,

VIOLAXANTHIN AND THE NON-CAROTENE
PIGMENTS OF THE SWEET PQTATO.
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FIGURE 1L
ABSORPTION CSPECTRA OF THE YELLOW
FITENT OBTAINED AFTER DEVELOPING

THE CHROMATOGRAM FOR TWO HOURS
WITH PETROLEUM ETHER
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FIGURE I

ABSORPTION SPELTRA OF THE ORANGE
PIGMENT OBTAINED AFTER DEVELOPING
THE CHROMATOGRAM FOR TWO-.-HOURS
WITH PETROLEUM ETHER
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FIGURE IX
ABSCORPTICN SFECTREA OF THE YEL.Clw
PIGMENT CBTAINED AFTER LEVELCPING
THE CHRCOMATOGRAM FCR ELEVEN HOURS
WITH PETROLEUM ETHER
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FICURE Y.
AESURPTION SPECTRA OF THE ORANGE
FPIGMENT OBTAINED AFTER DEVELOPING

THE CHROMATOGRAM FOR ELEVEN HOURS
WITH PETROLEUM ETHER

- LOG E

e T BN I S e
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PART IT
QUARTITATIVE DETERBMINATION OF SWEGT POTATO PIGUENTS

The objects of these exzperiments were to determine in
sweet potatoes: (1), the amount of carotene, total petroleum
ether soluble pigments, carotene/total pigment ratioj and
(2), the effect of reading total pigments before and after
chromatographing.

For this experiment 20 varieties of sweet potatoes were
furniched by Dr. H. B. Cordner of the Oklahoma Agricultural
Bxperiment Station. They consisted of standard and new varp-
ieties developed by Dr. Cordner and associates. They vere
grown at Perkins, Oklahoma in a light sandy soil and were har-
vested about Kovember 1, 1949. They were stored until June 1,
1950 before being analyzed.

wethods. The lioore and Ely (16) method of analysis for
carotene. was used in this work. Bach of ten roots was halved
longitudinally, and one of the halves from each rost was ground
and thoroughly mixed'together, Two ten-gram samples of this
mixture were quickly weighed on a torsion balance and placed in
Waring blendor cues. ¥From this‘point tihe samples were treated
as separate entities. Another ten-gram sample of this nmixture
was welghed into a platinum cracible for moisture determination.
This sample was dried overnight at 105° ¢C.

One hundred mls. of 9% per cent ethanol and 60 mls. of

petroleum cther (Skellysolve B. B.P. 60°-70° C.) were quickly
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added to the sample in the blendor. The blendor was started, and
95 per cent alcohol was added until the mixture foamed. The blen-
dor was then allowed to run for five minutes. The sample was quan-
titatively transferred to a flask, and if necessary, was stored
overnight in a refrigerator. Tbé licuid from the extraction was
poured off into a 500 ml. separatory funnel. Enough water was add-
ed to cause a separation between the alcohol and ether layers, and
the aleohol phase were washed successively with three to five 30
to 35 ml, portions of petroleum ether, each of which was added to
the original ether extract. The ether phase was washed eight times
with water to remove all traces of alcohol. Anhydrous sodium sul-
fate was added to this extract containing the pigments to remove
the water. This extract was stored overnight under refrigeration
if necessary.

The petroleum ether extract was made up to a known volume in
a graduated cylinder. A ten-ml. aliguot was made up to 50 mls.
for a direct reading of total pigments. A twenty-ml. zliquot was
chromatographed using an equal parts by volume mixture of acii-
vated dicalcium phosphate and glucose (Dyno, Corn Products Re-
bfining Co.) as the adsorbent. Upon washing with petroleum ether
the carotene passed through the column into the eluate which was
made up to a final volume of 100 mls. The pigments remaining on
the column were eluted with a 2 per cent by volume snlation of
alcohol in petroleum ether, and made up to a volume of 100 mls.
with petroleum ether.

These solutions were read in an Bvelyn photoelectrie color-

imeter using a filter having an absorption maximum of 440 milli-
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microns. The amounts of carotene, total pigments, and non-carotene
pigments were determined from a standard curve prepared from a
solution of %0 per cent Beta and 10 per cent Alpha-carotene.

Results and Discussion. As indicated by Table 1 there is con-

siderable error in determining the carotsne/total pigment ratio
that probably does not fall strictly into the category of mechanical
errors. Duplicate samples of variety 10x3-123 showed a carotene/
total pilgment ratio of 91 per cent when calculated by dividing the
carotene value by that of the carotene plus non-carotene pigments,
whereas the carotene/total pigment ratio was lOl.per cent when
calculated by dividing the carotene value by that of total pig-
ments before chromatographing. This same phenomenon was encoun-
ﬁered in variety 1x9-20m where the ratios were 88 and 99 per cent
respectively for the two methods. Table 2 shows that for variety
10x3-128 the actual amount of non-carotene pigments present was
as high as in any other variety. The opposite effeet is observed
in variety Okla. 35. For this variety the carotene/total pig-
ment (carotene plus non-carotene pigments) was 89 per cent, while
the carotene/total pigments before chromatographing ratio was 81
per cent., (Table 2). The latter effect could be caused by a
loss of pigmesnts on the chromatographie column, such as tae pre-
sence of avnpreclable quantities of chlorophylls which are not
eluted with the other nopn-carolsne pigments.

Oat of fourteen varieties analyzed by liiller et al. (15)
four varieties were found to have a carotene/total pigmentrmatio
6f over 100 per cent on freshly harvested samples. Their method
of determination of this ratio was te divide the amount of caro-

tene by the amount of total pigments before chromatographing.



Gzell and %Wilcox (2) reported a carotene/total pigment ratio
for the Porto Tico variety of 81 per cent, while Eiller ectal.
(15) reported a ratio of 97 per cent for this variety. Filler

-

suggested that the diffsrence might be due to the actual diff-

ersnce in the chesmical composition of the roots grown in different
regions. The value of 84 per cent found in this experiment agrees
well with that of Ezell and VWilcox. In some more recent work

that is %o be published in the Southern Cocperative Bulletin
series, Fileger (3) found a value of 85 per cent for the Porto
Aico variety while Peterson and Sherwood found a value of 81 per

ent for this variety. The carotene/total pigment ratic of Porto

()

Rico varlety as reported by four different groups of workers from
different regions is in failr agreement. The methods of measure-

standard curves

"7»!

ment were with filter type instruments using
from a soluation of 90 per cent Beta and 10 per cent Alpha-
arotene. The exact explanation for the high results for the
Porto Rico variety and ¥iller's generally high results obtalned
for all verieties 1is not known. The most likely explanation is
é difference in methods of determining the amount of total pig-~

ment. Hiller et al, stated that they used the method of O'Connor,

Heinzelman, and Jefferson (17) wuh

(U

wereby a spectrophotometric

measurement is made at 450 and 476 millimicrons. An average of
these two valuss are taken, and should agree within 0.2 %o 0.3
per ceat. The absorption curve of the nop-carotene pigments of
the sweet notato (Pigure 1) reveals a considerable drop in ab-

sorption from 450 to 496 millimicrons which would make one wonder

if it was possible to achieve such accuracy using this method.
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Table I

Lmounts of Plgments in Sweet Potato Varieties and Their
Caratene/lstal Pigment Ratio.2 (Duplicate 4nalysis)

Hon=-

Total Carotene Carotene. e Carctene b

Variety Piamentb Cdratene Pivment Lctal FPigment® Total Pigment
Nancy Gold 743 6.4 0.7 90 £8
7.5 6.4 0.9 88 85
15 8elf 6 11.8 1.9 1.3 89 . 92
13.3 11.7 1.4 £9 3Q
1 10.2 8.7 1.2 48 35
10x3-126 ~11.0 10.1 1.7 86 az
l_.h : 10.2 1.6 86 , 84
16x3-128 16.6 17.0 1.7 Sl 102
15.5 15.5 1.6 9l 1560
1x9-20m 7.3 7.2 1.0 &8 93
Bob 6.6 0.8 29 100
Okla 24 . 13.9 12.7 1.0 93 91
‘ 13.9 12.5 1.3 91 20
18x36-6 9.2 8.3 .1 88 50
47%46~10 6.2 5.4 0.5 g2 - B7
14,9 13.3 1.4 g1 29
3x10=-310 13.3 11.9 1.1 92 a0
13.3 12.4 1.5 fo 93
Okla 2% 12.4 10.4 1.5 87 84
1z2.2 1C.0 1.5 87 82
A0x43-10 18.8 17.0 1.3 93 S0
19.9 18.0 1.3 23 90
Lx23-24 7e3 5.2 0.8 23 85
- 7ol £.3 C.7 20 29
3.2 8.7 0.9 Q1 an
38x31-8 12.0 0.7 1.3 95 £9
10.2 G0 1.0 90 85

a&msuhts are expressed as mg./l00 grams, fresh weight. Ratlos
are given as percsntages.

bpafore chromatographing.

“atsl pigment caleulated by adding carotene and non-carclene
pigiany volues.
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Table 11--Continued
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Table TIT

Amount of Carotene and Carotene/total Pigment Ratios®

Carotene Caroteane

Variety Carotene Total Pigment? Total Pigment®
Nancy Gold 27.6 89 57
15 Self & 55,2 89 90
Okla 13 31.5 g9 85
10x3-126 38,7 86 88
10x3-128 57.1 91 101
1%9-20m 26.4 &9 99
Okla 24 52.0 92 91
18x36-6 33.5 90 89
47x46-10 23.5 01 89
3%10-310 43,5 90 91
Okla 25 36.2 & 83
30%43-10 71.7 93 90
6x23-24 26.0 89 &
10x6-4 31.9 90 &7
36x31-8 33.9 23 89
18x31-8 13.4 90 88
36x24-7 33.5 ‘91 86
B293<4 3.7 69 65
Portc Rico 23.0 88 84
Okla 35 32.0 89 a1

famounts are expressed as mg./l00 grams, dry weight. Ratios
are given as percentages.

b'Tctal pigment calculated by adding carotene and non-caro-

tene pigment.

®Before chromatographing.



Sxperiments were conducted seeking to ldentify the non-

141

cerotene pigments of the sweet potato. The chiromatographie

S

vehavior of the unknown pigments and the natars of the ather

&)

plgments inown to be present would lead one to belleve that

the non-carotene pigments are carotenocids. Although two pig-

bt

&9
poin

ments were obiained in a state of chromatozraphic homogenelty
their absorption spectra did not eorrespond with that of any
of the carotenoid pigments found in the literatare.

The carotesne/total pigment ratio of 20 varictles of sweet
potatoes were determined and results ladicate that there may be
congiderable errsr ia present methods Ior determining this
ratio. Carotene/total pilgment ratios ﬁere-determime& by di=
viding the amounts of carotene by the amounts of total pig-
ment before chromatographing and by dividing the amounts of
carotene by the amounts of total pigment secured by the addition
jpf garbtene ahﬁ nﬁn#éarotena values. In two varieties‘the-»
aﬁéﬁnﬁg”ofvtctal pigment determined bv the addition of éaroteﬁe
?nﬁﬂnon*cafatene values were greater than the amounts of total
pigment deterglned before chromatographing. The data makes it
adiffi 1t to believe that this '!enom anon could be caused by |
éipérimeat&l errors.,

"émiaccurate method of detérmining carotene/total pigment
féties‘én@ the identity of the non-carotene pigments of the sweet.

potato wonld seem %o warrant farther investigation.
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