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1. 

II\fTRODUCTIOl'J 

It is an established fact that the principal pigment of the 

sweet potato is Beta-carotene. Since Beta-carotene is a vitamin 

A precursor 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 there have been some investigations of their car­

otene/total pigment r~tio. There arc some variations in report-. 

ed values of the carotene/total pigment ratio. 

Some varieties of sweet potatoes, after baking, have an 

undesirable brown color. It is believed that one or more of the 

non-carotene pigments of the s~eet potato might cause this un­

desirable color .. 

~ith these considerations in mind an investigation was under­

taken to determine the identity of the non-carotene pigments of 

the svrnet potato, and some possible causes for the ~Ja.ria tions 

in reported values of the carotene/total pigment ratio. 



REVIEW OF LITERATURE 

Carotenoids are the yello~ to deep red or purple, nitro­

gen- free, polyene pigments containing a chrom~phoric system 
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of conjugatea double bonds . Carotenoid hydrocarbons are call­

ed cnrotenes . Xanthophylls are the oxygen derivatives of car­

otenes; they may be alcohols, ketones , hydroxy- ketones, ethers, 

aldehydes, esters of carotenoid alcohols, acids, or esters of 

carotenoid aci~s . 

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 poss ible 

i n 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 yel l ow zones Ts~ett declared , against all oppositi on , 

that chlorophyll ~as a mixtQre of two components and that leaf 

carotene was not a chemical entity, but a mixture of two or 

more homologues . 

Tswett •s work ffith carotenoids was generally disbelieved 

and it was not until 1931 that Kuhn, Winterstein and Lederer 

successf ull y introduced chromatography into the preparative 
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fie l d 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, Oiing primarily to 

tue work of I<~arrer, Kuhn , Zechmeister , Strain and many other uork- · 

ers . Extensive use and improvements in Ts~ett ' s chromatographic 

technique have made this ra pid advance in carotenoid chemistry 

possible . The chromatographic technique for the isolation of 

carotenoid pigments is described in Strain's (21) ~ Xantto­

phylls, Straio ' s (20) Chromatographic Adsorption Analysis , and 

Zechmeister and Cholnoky ' s (25) Principles and ?ractice of Chro­

matography . 

Carotenoids aro widely distributed in the plant kingdom. 

They are found in tho leav·es of all green plants and in many 

primitive plant forms such as bacteria, yeasts, and algoe . 

Usually more than one carotenoid occurs in a given plant and 

usually both carotenes and xanthophyl ls are present . Certain 

plants may contain a particular carotonoid in relative abunuance, 

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 . The,l are: cry­

ptoxanthin, lutein, zeaxanthin , violaxanthin, flavoxanthin, neo­

xanthln, and Beta- carotene . Strain further states that of the 

chloroplast pigments, the xanthoph~lls are subject to the great­

est variation . Different xanthophylls pr edominate in plants 

belonging to different classes and many plants do not contain a 

single xanthophyll in common. 
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Carotenoids are relatively insensitive to alkali . Thus car­

tenoid esters are often hydrolyzed in alkali to free the carote­

noid alcohols or acids . They are sensitive, however, to acids , 

heat, light, and air oxida tion . 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 els- trans 1so­

merizat1on of Beta- carotene . lie has prepared some ten isomers, 

determined their absorption spectra, and given there names that 

are prefixed by neo (e . g . Nco- Eeta- carotene band Nee- Beta- caro­

tene U) . Pauling (18) concluded that only certain of the double 

bonds arc available for cis- trains isomerization, Beta- carotene 

thus having only 20 possible cis- trans isomers instead of a 

possible 1, 056 . 

In 1936 ~atlack (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 Meinke 

(11 ) re porting on the constituents of crude carotene of some 

human foods indluded s~eet potatoes in their research . Using 

three varleties they found an average of 86 per cent Beta- caro­

tene, 4 per cent neo- Beta- carotene b , and 10 per cent impur ity 

A. Impurity A is the term that they used for unidentified pig­

ments . They reported the absence of neo- Beta- carotene U and 

Alpha- carotene in sweet potatoes . They used a column of cal­

cium hydroxide for the adsorbent . The pigments ,ere eluted and 
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the amounts were read on a KWSZ colorimeter . They used the total 

amount of pigment r ecoverable from the column as 100 per cent 

rather than the amount present before chromatographing . They 

stated that the r ecover) in a ll but six samples was over 90 per 

cent . This seemed to stimulate interest in the pigments of the 

sweet potato other than Bet a- carotene . There have bee n no othe r 

reports in the literature on the identity of any of the non- caro­

tene -p i gments, but there are several p:iblished articles 00 11 e 

carotene/total pi gment ratio of sweet potatoes . 

In 1946 and again in 1948 Ezell and ii lcox (1), (2) reported 

that the carotene/total pi gment r atio varies among and within 

different varieties of sweet potatoes , and that t his r atio in­

creases vith g r eater concentration of total pi gments . Their 

values ranged f r om a ratio of about 30 per cent f or s eet potatoes 

having less than one mg . total pigment per hundred gms . of pota­

toes to 88 per cent f or varieties having s ix mgs . ve r hundred 

gms . They used the lall and Kell ey (23) method of extracting 

and determining the carotene . The to ta l pigments were deter -

mined before chromatographing, and the carotene after chromato-

g ra phing . Doth ere read in a colorl 1eter using a 440 milli-
~ 

micron filter . In 1949 Miller, Melamoy , Mikell , and Hernandez 

(15) reported on the carotene/total pi gment ratio of f ourteen 

varieties of s~eet 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 pi gment less than 5 mgs . per hundred gms . 

The method of carotene analysis used was that of ~ ' Connor , 

Heinze l man , and J efferson l 17) in which cold ethyl aicohol is 



/ 
0 

used for extraction, dlcalcium phosphate in the adsorption colu@n 

for the purification, and 2,2,4-trimethylpentane as the solvent 

in the spoctrophoto~ctric measurements. 
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,gg_i.:rLE.fil§.Q.f • The chroi:m tograpbic adsorption tubes 1Nere ob­

tained from the Scientific Glass Apparatus Company of Bloom­

field, Ne~ Jersey. They were fitted with ground glass joints 

for ease of adsorbent removal, with the male connection sealed 

with a perforated glass plate. The large column, 43 X 270 mm., 

was used principally for the concentration of pigments. Tbe 

small colQmos, 19 X 200 mm., ~ere used for separation of the 

pigments. 

The absorption spectra were obtained by the use of a Beck­

man model DU photoelectric quartz spectrophotometer. 

Jldsor,QQD t5.:. Numerous adsorbents vrnre tried. Ca lei um car­

bonate \vas discarded because of the difficulty of preparing it 

in an active form. Calcium hydroxide was foand to adsorb the 

non-carotene pigments at the top of the column. It adsorbed 

too strongly to allo,! an ndeq:..rnto so;::u1r:J.tion, but was useful for 

concontrating the ,1gments. Lagnesium oxide, activated dical-

cium phosphate, and zinc carbonate gero found to be the best ad­

sorbents for this type of expsri~ent. Zinc carbonate was used 

in most of the experiments because of its ready availability 

and the fact that it needed no activution. 

L1!.2..£llill£1:'!.!:s.1_1s;ethoQ.§.. 'I'hc pig.c!H-::n ts f r::im a number of var ie­

ties of sweet potu.toes v1ere extracted ,,,:~ th a mixt11r0 of tu~o 

volumes of ethanol and one v~lQme of petroleum ether (Skellysolve 
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B. B. P. 600-70° C~) in ~aring blendors. ~ater was added to the 

extract ctatil t~o phasss separated~ The alcohol-~ater layer was 

then washed free of pigments with small quantities of petroleum 

atber. Alcohol was ri:::,L::uvod from the cmftbined petroleum ether 

ext rue ts by ,\ia :;bing v; ith ii;a ter. The extract wac~ dried over an-

hydrous 3adium sulfate. Tt:is extract was chromatographed on a 

column, (33 ~ 270 rrm.) composed of a one to one mixtQro of zinc 

carbonate and diatomaceous earth (Johns-~anville ilyflJ Super-Gel). 

Carotene ~as washed into the eluato ~1th petroleum ether. The 

pifments remaining on the cnlumn ~era elutod uith a 2 ner cent 

by voluE1G soluti.on oi' alcoh~l in petroleum otI1er. L:o green b.::i.nds, 

probably chlorophylls, WGre nat oluted by the alcoh0l-putroleum 

ether s,:>lD. t.ion. 7he petroleum ether ( tota 1 volum0 200 :1;ls.) VJas 

~ashed free of alcohol with water and dried over anhydrous sodium 

sulfate. 

zinc c~rbonete-diato-

maceous sarth xixtare were pro rod by apJlying suction, and 

successively tamping s~all quantities into place. 7en ~ls. of 

petrolf>.1.m ether vwre udded t'J <~&.ct: of tho colun:ns followed by 

2:5 mls. of th.9 extr.'.1ct. The c0li1tns v\,:1.1..·2 developed :L tL petro-

folloDed by a~ oruoce bond slo~ly ~ave~ d~~~ the c~lu0ns, and 

r:1ents haci se;icil'at,ad into two distinct 1-xmcis, a lm.;or y0Jll::r;v band 

and an .:irange band just above it. 80:110 brmmish-orange pigment 
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remained adsorbed near the top of the columns. The columns were 

extraded and the parts containing the pigments uere divided into 

six fractions. ThG pigments in each fraction ~ere eluted with 

a tDo Jsr cent solution af alcoh0l in µotroleum ether. 

A number of earlier expbriments were run, but this uas the 

experi~cnts ~ill be ~rought out in the section on results and dis-

c11ssion. 

Pig~eats of sweet potato vcrietias 10x3-12B and 30x43-10 were 

chromatographed separately and the absorption curves for tha non-

c2rotene pigments ~ero determined to see if there was any appre-

ci2.ble c:.JS1'orence in tbe t;;o VE!I'ieties, a.nd to get u con,parison 

in i th retn-cctrs:)tone and riola,xan thin. 

fiesults_and_Discussian. As already noted, the Dresence of 

Beta-cnro~ene in s~eet potatoes reported by llntlack (12) has been 

confirmed by many other iiFH'lrnrs. ;;~ti tla.ck also rs ported the pre-

sence of another pigment ~hicl1 he believed to be violaxanthin. 

The absorption curves for Beta-carotene, violaxanthin, and the 

non-cc..i-·otene pigmsn ts of the sueet potu to are shovm in Figure l. 

This indicates that the QD~n0~n pigment or ~ixture 0f plfments is 

not violaxanthi.n, a 1 tho,.1gh l t does not preclude the poss ibi li.ty 

~f the uon-c~r~teae pigments bein~ a nixture of pigmoats 0r uhich 

violaxaothin ls one. 

The absorption curve for the bright yello~ pigment that was 

washed through the colu.rnn aft2r devel0ping the column for t~rn 

h8urs with ~etroleurn ether is given in Figure 2. Up~n rechroma-

tographing it formed only one zone indicating that it was a chro­

matographically homogenous compound. This pigment was .separated 
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and the results reproduced in three different experiments . Max­

ima were at 45) and 434 millimicrons . 

Pig~re 4 sbols the absorption curve for the yellon pigment 

that was fixed on the column after developing the chro~atogram 

for 11 hours . Of the six fractions into which the column ~as di-

vided, the lower two ~ere found to be identical . Maxima were at 

427 and 402 millimicrons . The absorption c~rve for the orange 

pigment just above this yellow pigment is given in Figure 5. 

kaxima were at 4~2 , 427 , and 402 millimicrons . This pigment may 

have been contaminated ~ith somo of the yellow pigment that was 

adsorbed just belo, it since the maxima of 427 ana 402 milli-

microns ~ere repeated . 

Table I lists the absorption maxima of the carotenoid pig­

monts that might be expected in sweet potatoes . Tho absorption 

maxima of the pigments found in this investigation are also listed 
I 

for purposes of c0Mparison . The absorption maxi~a of the unknown 

pig~ents isolated from sweet potatoes do not check with that of 

any of the listed carotenoid pigments or with that of any of the 

other carotenoid pigments found in the literature. 

T~o oigments were obtained in a state of chromatographic 

homogeneity as shown by failure of repeated absorption and e l ut ion 

to modify the spectral proper ties . The non- carotene pigments of 

tte sweet potato would logically ba expected to be carotenoids 

because of their chromatographic behavior and the nature of the 

other pigments present . The absorption maxima of the pigments 

that were isolated did not correspond with th~se of the aescribed 

carotenoid pigments . The pigments lsolated could rossiblt have 

been isomerization products of carotenoids . Isomerization of 
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the samples '.;;r1s avoided as r.::mch t1s por�s ible by ref rig era ti.ng, 

avoiding heating methods for concentration, using bro�n flasks 

\;hen avnilable, and lrneping in t:li�htly stopcred fl:;:slE 1nhen not 
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Tab le 1 

Comparison of Absorption Spectra of Common Carotenoid Pigments 

and the Pigments Isolated from S eet Potatoes in This ork 

Pigment 

Be ta- carotene8 

Violaxanthin 

Lutein 

Zeaxanthin 

Crytoxanthin 

Flavoxanthin 

Neoxanthin 

Pigment ixtureb 

Unknown Pigment 

Unknown Pigment 

Unknown Pigment 

Unknown Pigment 

Absorption maxima in 
millimicrons 

--
483 . 5 452 424 

472 442 . 5 417.5 

476 446.5 420 

482 . 5 451.5 423 

484 451 423 

450 422 

466 436 

452 427 

452 427 

455 434 

427 402 

452 427 402 

8(13 ) , (21) Solvent petroleum ether B. P. 70°- 80° c. 
bExgerimentally determined . Solvent-petroleum ether B. P. 

60 -70° c. 
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PP.RT II 

QUANTITATIVE DETE:RkINATIOH 01? sv:EBT P0TATO PIGrJENTS 

The objects of these experiments were to determine in 

sweet potatoes: (1), the amount of carotene, total petroleum 

ether soluble pigments, carotene/total pigment ratio; and 

(2), the effect of reading total pigments before and after 

chrorrratographing. 

18 

For this experiment 20 varieties of sweet potatoes were 

furnished by Dr. H.B. Cordner of the Oklahoma Agricultural 

Experiment Station. They consisted of standard and new var­

ieties developed by Dr. Cordner and associates. They ~ere 

gro~n at Perkins, Oklahoma in a light sandy soil and were har­

vested about November 1, 1949. They ~ere stored until June 1, 

1950 before being analyzed. 

~§:.3!UQds. The Lfoore and Ely ( 16) method of analysis for 

carotene-was used in this work. gacb of ten roots was halved 

longitudinally, and one of the halves from each root was ground 

and thoroughly mixed together. Two ten-gram samples of this 

mixture werG quickly weighed on a torsion balance and placed in 

Waring blend or cues. I•'rom this~· point the samples were treated 

as separate entities. Another ten-gram sample of this 0ixture 

was weighed into a platinum crucible for moisture determination. 

This sample was dried overnight at 105° C. 

One hundred mls. of 95 per cent ethanol and 60 mls. of 

petroleum ether (Skellysolve B. B.P. 60°-70° C.) ~ere quickly 
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added to the sample in the blendor. The blender was started, and 

95 per cent alcohol was added until the mixture foamed. The blen­

der 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. The liquid 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 alcohol 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 

\?i th 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. aliquot was made up to 50 mls. 

for a direct reading of total pigments. A twenty-ml. aliquot was 

chromatographed using an equal parts by volume mixture of acti­

vated dicalcium phosphate and glucose (Dyno, Corn Products Re­

fining 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 Evelyn photoelectric 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 90 p,sr cent Beta and 10 per cent Alpba-cnrotene. 

~l ts and__;Q~9.cu,ss ion. As indicated by Table 1 there is con­

siderable error in determining the carotene/total pigment ratio 

that probably does not fall strictly into the category of mechanical 

errors. Duplicate samples of variety 10x3-128 showed a carotene/ 

total pigment 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 101 per cent when 

calculated by dividing the carotene value by that of total pig­

ments before chromatographing. This same phenomenon was encoun­

tered in variety lx9-20m ghere the ratios were 88 and 99 per cent 

respectively for the two methods. Table 2 shows that for variety 

l0x3-128 the actual amount of non-carotene pigments present was 

as high as in any other variety. The opposite effect 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 pigments on the chromatoeraphic column, such as the pre­

sence of appreciable quantities of chlorophylls which are not 

eluted with the other non-carotene pigments. 

Out of fourteen varieties analyzed by Miller et al. (15) 

four varieties were found to have a carotene/total pigment ratio 

of over 100 per cent on freshly harvested samples. Their method 

of determination of this ratio was to divide the amount of caro­

tene by the amount of total pigments before chromatographing. 
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Ezell and ::ilcox (2) reported a carotene/total pigment ratio 

for tho ?orto 3ico variety of 81 per cent, while ~iller ot~. 

(15) reported a ratio of 97 per cent for this variety. ~iller 

suggested that the difference might be du.e to the actual diff-

erence in the chen:dcal composition of the roots grovm in different 

regions. The value of 84 per cent found in this experiment agrees 

vell with that ~f Ezell anf Wilcox. In some more recent work 

that is to be published in the Southern Cooperative Bulletin 

series, Fieger (3) found a value of 85 per cent for the Porto 

Rico variety ~hile Peterson and Sherwood found a value of 81 per 

cent for this variety. The carotene/total pigment ratio of Porto 

Sica variety as reported by four different groups of GOrkers from 

different regions is in fair agreement. The methods of measure-

ment were -i;,itb filter type instruments using standard curves 

prepared from a solution of 90 per cent Beta and 10 per cent Alpha-

carotene. The exact explanation for the high results for the 

?orto Rico variety and Miller's generally high results obtained 

for all v~rieties is not known. The most likely explanation is 

a difference in methods of determining the amount of total pig-

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

Heinzelman, and Jefferson (17) whereby a spectrophotometric 

measurement is made at 450 and 476 millioicrons. An 2verage of 

these two valuss are taken~ and should agree within 0.2 to 0.3 

per cent. The absqrptfon curve of the non-carotene pigments of 

the s~eet potato (Figure 1) reveals/a considerable drop in ab-

sorption from 450 to 476 millimicrons which t101.1ld rralce one wonder 

if it gas possible t6 achieve such accuracy using this method. 
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It ~ould be expected that the amount of total pigments calcu-

lated in f;;Jta-earotene i_:rn:its "iiO:lld be greater at 450 m.illimicrons 

that1 tho am3unt Joald be at 476 millioicrons. Different resilts 

er~nt filters. (Curotene is us~ally Jetar3insd f~o~ a standard 

12urve ,l.s ing a f1lter L::_ti t c:: bsorbs ;~:n.xi1;1a lly at 440 nillLdcrons, 

::zell o.u.d ,,ilco:x (l), (2) rey)rtsd thr::t as t.~10 a:ri'.)U.nt of 

2~ro rapldly than the other ;igmeats. In tho five variDtios 

~~ich they testeG, total JigmG~ts ranged from 0.4 mg. psr 100 

gas. to 5.5 eg. 0er 100 gms. No diract comparison ~as possible 

-,:i th 

. t. . . . in Jn1s experiment hEVO a g0nerally greater concentrat~~n of 

tote:l pig,~·.ents. exa~instion of T&ble 3 indicates that in the 

does not necess6rily increase more rapidly then the amou~t of 

non-carotene pigments. 



Table II 

JI.mounts of Pigments in Sweet Potato Varieties and Their 
Carotene/Total Pigment .Ratio.a {Duplicate Analysis) 

Hon-
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.Total 0 Carotene Carotene Caro:ene b 
Vari~l Pig,ment Carotene Pigment Total figmente 1Tot~l 1~1gmeq~ 

;. .. l ........... 
Nancy Gold 7.3 6.4 0. '7 90 88 7., 6.4 0.9 88 85 
15 Self 6 ll.8 10.9 1.3 89 e ·92 

13.3 11.7 1.4 89 $8 
.Okla 13 10 .. 2 8.6 l .. O 90 84 

'10112 8.7 l.2. 88 85 
10x3-l26 . ll .• O 10.1 1.7 86 92 

12.2 10.2 l.6 86 84 
10.x:3 ... 128 16.6 17.0 L? 91 102 

l'"' 5 '"' 15.5 1.6 91 100 
1x9-20m 7.3 7.2 1.0 88 99 /' 6 6.6 0 .• 8 89 100 o.· 
Okla 24 13.9 12.7 l.O 93 91 

13.9 · 12.5 l.3 91 90 
l8x36-6 9.2 8.3 1.1 88 90 

9 .• 5 8.3 o.B 91 87 
47.>.:46-10 6.2 5'.4 0 .• 5 92 87 

14.9 13.3 L,4 91 89 
3>'10-310 13.3 11.9 1.1 92 90 

13 • .3 12.4 1.5 30 93 ;,I 

Okla 25 12.4 10.4 1.5 87 84 
12.2 10.0 1 .. 5 87 82 

30x43-10 18.8 17.0 L,3 93 90 
19 .• 9 18.0 1.3 93 90 

6x23-24 7 .. 3 6.2 0 .• 8 89 85 
7.1 6.3 0.7 90 89 

lO·x6-4 9.3 7 Cl l.O 89 85 . ,,. 
9.9 8 i 0 ... 9 91 88 .. 

38x31-8 12.0 10.7 1.3 95 89 
10.2 9.0 1.0 90 SA • w 

a ii.mounts are expressed as mg. /100 grams, .fr·esh 1l;1eight. Ra t.ios 
~r~ given as percentages. 

bBefore cbrom.atogra phing. 

) "\ ;iigment calculated by adding carotene and non-carotene 
, .. J.ues. 
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Table II--Continued 

-...---- "'-~-_..,__-.. .w •• ltf...,....... --- .. . - -- ............ pl 

Non-
Total Carotene Carotene Carotene 

l?igmen~·-· ,CJu:o~en!.~-1:i,gme·nt M!.1_,t!.~ment .!2tal; Pigment 

18.x3l-8 12.4 10.9 l.2 90 88 
12.8 11.3 l.2 90 88 

36x24-7 9.3 8 .. 0 o.B 91 86 
B.3 7.2 o.8 90 87 

B2934 2.0 1.2 0.5 ·71 60 
1.4, LO 0,5 '75 71 

Porto Rico 7.5 /' 6 o •. ' 0 .. 9 88 . 88 
p. R 
~ .. ,~ 7 1 • 0.9 B9 81 

Okla 35 9.0 7.3 1.0 88 81 
10.8 8.8 0.9 91 81 

---- Uzi • ..,.__........,.. ___ _ __.__ .......... ..._ 
11 

_ ...... ........ ..,..,.,......_,_ 



Table III 

Amount of Carotene and Carotene/total Pigment Ratios8 
___ ., ________ =-___ ....., _________________ _ 

------ ·--c-a-rotene - ---Carotene--·-
Caroi ..... en_e _____ T0.£§.1 Pig™~-Iota ! Pigll!~n __ tc __ __ Va!:iet;t, 

NancJ- Gold 
15 Self 6 
Okla 13 
10x3-126 
10x3-128 
lx9-20m 
Okla 24 
18x36-6 
47x46-10 
3.xl0-310 
Okla 25 
30x43-10 
6x23-24 
10x6-4 
38x31-8 
18x31-8 
36x24-7 
B293L 
Porto Rico 
Okla 35 

27.6 
55.2 
31. 5 
38.7 
57.1 
26.4 
52.0 
33.5 
43.5 
49.5 
36.2 
71. 7 
26.0 
31.9 
33.9 
4-3.4 
33.5 
3.7 

23.0 
32.0 

89 
89 
89 
86 
91 
89 
92 
90 
91 
90 
87 
93 
89 
90 
93 
90 
91 
69 
88 
P..9 ,., 

87 
90 
85 
88 

101 
99 
91 
89 
89 
91 
83 
90 
87 
87 
89 
88 
86 
65 
84 
81 

=.:,,.,.----=c--c,.._ ___ """" ____ ~""""'--'------_...,.._--,---- ·-----

a Amounts a.re expressed as mg./100 grams, dry weight. Ratios 
are given as percentages. 

bTotal pigment calculated by adding carotene and non-caro­
tene pigment. 

CBefore chromatographing. 



Experiments v1Bre condacted seeking to identify the nori­

caroterH3 pigments of the sweet potato. '.!'he ehr-omatographic 

behavior of tbe unknown pigments and the na.t1.1.re of the other 

pigments i::nov.n to bo present vwuld lead one to bell.eve that 

the non-caroten,e pigments are carotenoids. Althorigh two pig­

ments were obtained in a state of chr:>matographlc homogeneity 

their absorption spectr~ did not correspond with that of ~ny 

of the carotenoid p.igm.ents found in the literature. 

1:he carotenG/total pigment ratio of 20 varieties of sweet 

potatoes were determined and :results indicate that there may be 

considerable error in pl.'esent methods f:>r determining this 

ratio. Carote.ne/total pigment ratios were determined bf di­

viding the amounts ?f carotene by the amounts of total pig~ 

ment before cbromatographing and by dividing the arnounts of 

carotene by the amounts of total pigment secured by the addition 

of carotene and non-carotene values. In two varieties the 

amounts of total pigment determined by the uddition of carotene 

'and non-carotene values werl1 grsatcr t,han the amounts of" total 

pigrr:e11t determined before chromatographing. The data makes it 

difi'icult to believe that this pLenomenon could be caused by 

experimental errors. 

An accurate method of determining carotene/total pigment . 

ratios and the identity of the non-carotene pigments of the s-.,eet, 

potato 11vonld seem t0 vnarrant f~.rther investigation. 



BIBLI0GRA,.,HY 

1. Ezell, B. D~ ~nd Wilcox, M. S. The Ratio of Carotsn to 
Carotenoid ~ig~ents in Sweet Potato Varieties. Science, 
103, 193-194 (1946). 

27 

2. Ezell, B. D. and Wilcox, M. S. Effect of Variety and Stor­
age on Carotene and Total Carotenoid Pigments in Sweet Po­
tatoes. Food Res .. , D, <1C3-212 (194.E) .. 

3. Fieger, E. A., Peterson, Yv. J., and Sherwood, F. W. Essen­
tiality- of tho Ch1~cr;1a togrciphing Step in the Determination 
of Beta-carotene in S~eet ?ot~tc~s. Unpublished So~~ rn 
Cooperative Bulletin. Courtesy of Dr. Ruth Reder. 

4. Fraps. G. S., I,{einke, W. W., and :Kerrune:rer, A. R.. Deter­
mination of Pure Carotene in Green Vegetables and Green 
Feeds. J. Assoc. Of fie ial llgr. Chem., 24, 739-744 ( 1941). 

5. Frear. D. E. H. Agricultural Che!J1~~tri. !.J!§!~tence Tex!. 
yot:, _ _1. (Chapt. X. Zscheile, F. P. ?lant Pigmr;:rnts Other 
'I'han the Chlorophylls.) D. Van Nostrand Company, Inc., Tor­
onto, New Yorkj 1949. Pages 335-358. 

6. Gibson, K. S. Spectrophotometry 200 to 1000 Millimicrons. 
United States Department pf Commerce, National Bureau of 
Standards. Circular 484 (1949). 

7. Gibson, K. s. and Balcom,~- M. Transmission Measurements 
with the Beckman Quartz Spectrophotometer. J ." Research Nat. 
Bur .. Standards, 3..2, 601-616 (1947). 

9. Harper, R.H. and Zscheile, F. P. Carotenoid Content of 
Carrot Varieties and Strains. Fod Res., !Q, 84-9'7 (1945). 

10. Kemmerer, A. R. and Fraps, G. S. Con.sti tuents of Carotene 
Extracts of Plants. Ind. Eng. Chem. Anal. Ed., J:i, 714-716 
{1943). 

11 °lq\.·em~1·ar·er 4 R Wr•~ns G C "nd '1~E~1·11~e ,,·.~. w. 
• ,, ·- ' •• • .I.'" ' a 0., ' o 0 • ' ct I, , , n. ~' . .• 

tu.ei1ts of the Crude Carotene of CeTtain Huw:an 
Res.~ 10, 66-71 (1945). 

Ccmsti­
Food 

:;i:aLlack, 
J. Wash. 
(1938). 

M. B. The Carotenoid . ·l>TlGn ts oi' the S'i'.'eet Pote to. 
Acad. Sci., gz, 493-493 (1937), via C. A. Jg, 2570 



28 

13. Mayer, F. and Coo.k. A. H. ~is~i:x of Natura~_£.9.l.2!::. 
ing_JJ:at~~!§• Reinhold Publishing Corporation, New York, 
1943. 354 pages. 

14. Miller, E. s. Photoelectric Spectrophotometry Applied to 
the Quantitative Analyses of Carotenoid and Chlorophyll 
Pigments in Ternary and Quaternary Systems. Cereal Chem., 
12, 310-316 (1938). 

15. Miller, J. c., Melampy, R. M., Mikell, J. J., and Heraandez, 
T. P. Effect of Storage on the Carotene Content of Four­
teen Varieties of Sweet Potatoes. Proc. Am. Soc. Hort. Sci., 
.2., 399-402 (1949). 

16. t'{oore, L. A. and Ely, R. Extraction of Carotene from P Ia.nt 
Material. Ind. Eng. Chem. Anal. Ed., 13., 600-601 (1941). 

17. o•connor, R. T., Heinzelman, D. C., and Jefferson, M. E. 
Determination of Total Beta-Carotene in Sweet Potatoes and 
Sweet _Potato Prod_ucts. Ind. Eng. Chem. Anal. Ed., 1§., 
557- 562 C 1946) • 

18. Pauling, L. :F'ortschr. Chem. organ. Naturstof fe. .1, 203 
(1939), as cited by reference 5. 

19. Strain, H. H. Chloroplast Pigments. Ann~ Rev. Biochem., 
..1-3., 591-610 ( 19,44). 

20. Strain, H. U. Qh!.9.fils.togra.Rtt!:.c Aqs2£..2li.Q!L)ln.9.1.Y.§J&. Inter­
science Publishers, Inc., l'Iew York, 1942. 222 pages. 

21. Strain, H. H. Leaf Xanth211htll§.• Carnegie Institution of 
Washington, Washington, 193E. 147 pages. 

22. Ville re, J. F'., Heinzelman, D. C., Pominske, J., and 'J'i'ake­
ham, H. R. R. Isolation of Carotene from Sweet Potatoes. 
Food Ind., 1:.9., 76-79 (1944). 

23. lall, ~. E. and Kelley, E.G. Determination of Pure Caro~ 
tene in Plant Tissue. Ind. Eng. Chem. Anal .. Ed., ll, 18-20 
(1943). 

24. Zechmeister, L. Cis-Trans Isomerization and Stereochemis~ 
·· try of Carotenoids and Diphenylpolyenes. Chem. Rev., .3.1, 
267-344 (1944). 

25. Zechmeister, L., and Cholnoky, L .. E.!1!!£..!Qles and Practice 
Qf_Ch,r.Qm~l.Qgr~qhz. English translation by Bacharach, A. L., 
and Robinson, F. A. John ~iley and Sons, Inc., New York, 
1943. 378 pages. 



26. Zechmeister, L. and Tuzson, P. Isomerization of Carote­
noids. Biochem. J., Jg, 1305-1311 (1938). 

27. Zscheile, F. P. Plastid Pigments. Botan. Rev., 2, 587-
648 (1941). 

29 



Typist •.•.• Ann Reed 


