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UEKERAL 0UTLTKE. 

C:IHOTJc~E, belonging to the group of carotiuo ids-yellow, fat­
soluble pigments, of which t here are no less than L\Yehe <liffere nt 
one,; known-h as the most extensive occurrence of all natural pig­
ments. 'fhree of the carotiooids, namely, the \Yell-!;no\\·u Lycopiu-­
characteristic pigment of the tomato-and t he two isom ers, a-Caroten e 
a1ul ,8-Carotene, each haYing Lhe geueral formula (\ 0H 5 0 , are ill 
character h;rdrocarbous. T he other earotinoids, ''"hich m·e oxygen­
containi ng tleriYatiYes of Carote ne or Lyc-op in, haYe the cha racter­
i sties of orga ni c acicls, ,,·ith a moleeular humula of C" 5 H 5 ., ( \ ­

commonly kno"·n as " Phytoxan thiues " . 

The study of the Car ob noi<1s ,,·as first started in 18:)] by 
\\"ackenroder and late1· in ]1:\:n hy Be1·zilius. Working on leaf-pig­
Ju ent s, t hey discoYered thata t:be pigments were dosely assor:iated 
with fats and oi ls- hence t l1 e name Xanthophyll ''"as ginm to the 
yellow pigment of leaves hy \Villstiit ter (1910). Otlt!>r \HJrke1·s abo 
gave t he ca1·otinoids their attention: Karrer and Solaman (1927) 
isolate([ Orocetin (020H 2.0,,); Zedmteister and Oholnoky (19~7 1 

isolated Oapsanthin; Karrer and ro-work ers (1929, 1930) isolated 
Zeaxanthin; Kuhn and co-\\·orkers (19:n) isolated Violaxanthin and 
Zaraxauthin. 

All the carotinoids are prnclirally insoluble in \Yater, aud eas1ly 
solubl e in fats all(l. oils. They haYe the characteri.;;tic of fat-pig­
ments (Lipochnnnes) a nd are t lt erefore fairly common in nature. 
As reg;Ir<ls so lubility in t he ordinary organic soheuts, there an~ t>~·u 
distind groups of carotinoids, 11amely the h.nhocarbous (('aroiene 
atHl Lyr·op in)- soluble in petroleum ether, bc~n11ine, lmi insoluble in 
m eth yl- and ethy l alcohol. The phytoxnnthin~ (Lenf-xanihoph.dl , 
Zeuxa11lhia alHl others) m·e insoluble in petroleum-ether and 
benzine, but soluble in methyl- anil ethyl alcohol. H ence the 
carotinoid,; c•tu be fradionatecl into Carotene m1cl Lyrop in on the 
one hall<l an<l t he nln·toxauthin s on tl1e other hanrl , as \Ya s sh u -,YJJ 
b,- \Yillstii tter. :i\fos"t of the c-amtinoids are ('asih o"idi:-:(' rl ;\n<l 
b~com e hlearhe<l n mler influence of oxygen. Crocetin, Bixin and 
A11drin are exf"eptions (Rnrrer). The rate of oxidation rlepends 
largely on tlw state of purity of the pigments . Thus a Yer.v vnre 
earotene will only absorb oxygen afier ien or mon; days, wherea:s ih e 
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impure form (with traces of iron salts usually) may undergo oxida­
tion within a few hours. Furthermore, the phenols, hydrochinon, 
etc. strengthen the pigment against oxidation. 'l'his, possibly, abo 
happens in the plant-cell, whereby the pigment is fortifie(l. 

'I'he car.otinoids show intensive halochromeric phenomena with 
strong acids (su lphuric-, hydrochloric-, trichloracetic acids) and 
chloroform solutions of carotinoids with \Yater-free antinwny 
trichloride. The resulting colours vary from blue to Yiolet, and 
blue to blue-green; the intensity of colour varies. Rosenheim (1925) 
found , by the use of the tintometer, comparative values for the 
intensity-mixtures. 'l'hese haloehromeric pigments are very unstable. 

Carotene, which occurs most extensively in green plants, also 
as the pigment of fat, milk, blood serum, liver, corpus luteum, was 
first discovered by Waekenroder (1831). Arnaud (1886) showed its 
presence in green leaves of plants, and Willstatter (1910) gave it the 
formula C.

0
H,(;. It was furthermore found in fruits and flowers; in 

the polin of the bud. 

It was isolated in crystalline form from carrots and green l eaYes. 
li'resh green leaves may contain 0 ·1-0 · 3 mgm. Carotene pe1 
100 grms. 

Kuhn and Lederer (1931), Karrer and eo-workers (1930) sho\Ye(l 
that carrot-carotene consist of two oomponents, namely a-Carotene 
(optically active) and /1-Carotene (optically inactive). 

Carotene extracted from spinach, nettles, as also from most 
green plants, proved to be mainly the /1-form, according to Karrer 
(1932). 

Both isomeric forms of Carotene are soluble in organic sohents, 
for example in petroleum-ether; but the solubility of these two 
differ so slightly as to give difficulty in the crystallization process of 
separation. 

'l'he best method ·of fractionation is by t h e chromatograph 
method of Tswett (1911). 

/1-Carotene has a higher melting point (182° C.) than a-Carotene 
(172° C.). 

Crystals of Carotene appear red, but solutions of Carotene, in 
petroleum-ether for example, are deep yello'". 

Halogens have only a slight effect on carotene, but iodine form 
either the tri-iodide (C40H 56l 3 ) or eli-iodide (C40H 56l 2 ). Karrer (1932) 
give5 # -Carotene the following structural formula:--
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He furthermore considers B-Cnrotene the precurwr of Vitamin 
A, " ·hieh is formed by by(lrol~·~ is: -

CH3 CH3 

~ / CH 
/ C "'-., C

1
H3 1 1 

CH C- CH=CH- C=CH- CH=CH-C:=CH- CH OH 
I z II :.. 

CH C-CH3 
2 / 

"'-. CH 
2. 

Apart hom cod-liver oil and other liYer oils as a source of 
Vitamin A in biological material, the Carotene of the plant is the 
natural sourc·e ot Vitamin A for herbivora. Numerous inYestiga­
tiou ;:; proYe t hat animals on a diet deficient in Carotene show A­
avitaminosis and the )·otmg that are dependent on the milk supply 
of the mother, sho\Y stunted growth. 

P lants Yary i.n their Carot8ne content according to species, stnge 
of growth, and portion of plant selected. Lucerne in yotmg, greeu 
stage is a rich source of Carotene for Vitamin A, becoming poorer as 
th e p.lant mature,;; the lea Yes are rich er than the :Ao1Yers, stems awl 
seeds. In some p lants at the mature stage there is a seriou;; depletion 
of (;arotene; eYeu (;arotene-r ich plants sho1Y only :1 Yer:v small 
amount at maturity . 

:Furthermore, hays may also be low in Cm·otene content; tht> 
retention nnd presen·ation thereof (lepending to a g1eat e:stent on t}w 
process of clrying and curing. Carotene is easily t>x idi secl by enzymes 
contained iu the plant material , hastening detE'rioration, as sh oYn1 
by S. Hauge (1935). In th8 chyiug and curiug of lucern e for hay , 
the slo" ·er the proce::;;;, the better tllf) oxidation of c~uoten8, \\·hich , 
therefore, rPsu lt:; in n .loss of Carotene to animaL; fed on such h a:'i·,;. 

Ji echanical clryi11g and curiug of lucerne for hay, apart :from 
being: time-saving, is fnr superim to suu dn·ing h om t he point of 
Yie\\· of Oarotene-prE>sernlti(Jll . 

In South "'-.\.f ricu , '\Yhe1·e sun (lryi11g js the n1ain process in u se, 
loss of Vitamin A may prove i o he a matter for consi il eration , <l ~ 
most of our sun-dried hays are low in Carotene. 

J\h-:nron ov AxALY S I S OF Fnm 1:on 0 AHOTEK E. 

Biological tests with Oarotenf1 have often provecl un satisfactory , 
reproduciblP results being often unobtainable ; a £urth e1· factor ic; 
ti mP. 

It has been fou nd b,v Latlilmry a11d Greell\I'Ooc1 ( 19~4) that il0lll8 
oil;; <1l'f1 beneficial and others uot,-(·au;;in g a loss of Carotene in the 
latter case,-wlJ en used as soheuts. Cocoauut oil j ,; a hetit>r soh t> nt. 
t h an for example arachis oil. Hence difficulties i11 biologica l experi­
lllPntal \York haYP heen encountered. 
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Lately chemical methods fo1 the analysis of material for Carotene 
have been developed. Guilbert (1934) in working on this subject, 
employs a colorimetric method for the quantitative expression of 
Carotene, and the col·orimetric work is based on the use of the Colour 
Standard (International Dye Standard) of Sprague (1928). 

In the analysis of various feeds and ;fodder in this laboratory 
the method as giver, by Guilbert was closely followed. Duplicat~~ 
of a satisfactory value are obtainable. 

'l'he Method of Extraction suggested by Guilbert, produced 
here: 

1-5 gms. of the sample, in finely cut state, ''"as weighed out, 
transferred to an Erlenmeyer flask and 20 c.c. of freshly prepared 
saturated solution of potassium hydroxide in ethyl alcohol ''"ere adcleJ 
for each gram of sample taken. The :flask was fitted to a reflux 
condenser and the contents gently boiled on a steambath for 30 
minutes . Fats and chlorophylls became saponified. The contents of 
the flask were cooled, 50-100 c.c. ethyl ether added, shaken for a fev" 
minutes, the sediment allowed to settle and the ether-alcohol mixture 
decanted into a large separatory funnel. The :flask was washed with 
small quantities of ethe1 and these were added to the conter,t:> of 
the funnel. 'L'he process was repeated until fresh ether when used 
for rinsing, was colourless (usually 200-250 c.c. ether were necessary 
for each extraction). 

About 100 c.c. (or more) of distilled water ''"ere poured down 
the sides of the funnel through the ether-alcohol solution. The 
:flavones separated and could be drawn off. The solution in funnel 
was repeatedly washed, drawing off the bottom layer each time. 
The waste was tested with phenolphthalein to be sure that all alkali 
had been washed out of the ether-solution. 

The ether solution, which contained the yellow pigments 
Carotene and Xanthophyll, was transferred to a :flask and all traces 
of ether expelled. 

The residue was then taken up in 30-40 c.c. petroleum-ether and 
transferred to a separatory funnel. The Xanthophyll "·as extracted 
from the ether solution and separated from Carotene by first shaking 
with 85 per cent.-and finally with 90 per cent. methyl-alcohol. The 
lower layer (methyl-alcohol) containing the dissoh-ecl Xanthophyl, 
was separated from the ether solution containing the dissoh-ed 
Carotene . After 5-6 washings of the ether layer, the methyl-alcohol 
layer was found to he clear; the last traces of methyl alcohol " ·ere 
rinsed out with small quantities of distilled water. 

The ether solution was next dried in contact with about 5 gms. 
of anhydrous sodium sulphate; it was then poured off, and the salt 
washed with fresh petroleum ether, until clear-the washings a<lded 
to the rest of the Carotene-ether solution. The ether solution "·as 
poured into a measuring flask, anrl made up to Yolume (namely 
50 c.c. mark) with petroleum elher. 'l'he volure was noted. 
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'rhe flask was next well shaken and the strength of the Carotene­
colour compared against .a dye standard in the colorimeter. 

A stock solution o£ this dye st andard contained: 

N apthol yellow, 3 · 06 grams ; 
Orange G. Crystals, 0·45 grams. 

The dyes were dissohed in 1,000 c.c. distilled water. The 
solution is stable and will keep well in a stoppered flask in th e dark. 

The standard for the colorimetric work was prepared from th e 
above stock solution, by diluting 50 c. c. of the stock solution t u 
1,000 c. c.-this colour strength o£ Dye is equivalent to 2 ·7 mgm. 
Carotene (Guilbert). 

Calcula.tions: 

Depth of Standard 100 Total volume of unknown 
Colorimetric Reading X Grams Sample X 1,000 

x V alue of Standard in mgm. CaToten e (2· 7) per 1,000 c.c. 

= .ll gm. Carotene ·pe1· 100 grams SwrnzJle. 

TABLE A. 

RELATIVE ,8-CAROTENF. VALLI·:~ m VAu rou s F E EDS . 

(Yalue o£ Dye Standarcl nsecl = 2 ·7 mgm. per cen t. Caroten e. 

Description of Sample . 

Fnsh, young. green Lucem e (whole plant. 
leaves and stalks) ... . .... . . . .. ..... . . 

F 1·esh, green, Sudan GTass, la te stage-
(whole plant, leaves and sta lks) . . ...... . 

Fresh, green 1JII aize plants, late stage-
(1d10le plan ts, leaves and stalks) ....... . 

Fresh, green Barley plants (whole p lants, 
lea,·es and stalks) ... . ............... . 

~~Iature grass cut for hay (Armoedsvlakte­
Camp A- .Tune. 1035). (Sun dried ) .... 

M ature Gmss cut for hay (Armoedsvlakte­
Camp B- J·une, 1935. (Sun dried) . . ... 

W eigh t of 
Sample. 

(Wet 
basis) 

gran1s . 
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15 

15 

30 

2i) 

100 

100 

Moist ure 
Content 

% 

77 ·5 

70 · 1 

74 ·0 

79·0 

Mgm. % 
Carotene 
on Abs. 

d ry 
basis . 

40 ·0 

13·5 

3 ·4 

17. 1 

)'[gm . % 
Carotene 

on 
fresh 
basis . 

9·0 

2 · 8 

0 ·0 

0 ·62 

0 ·00 
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TABLE B. 

RELATIVE ,8- CAROTENE VALUES OF FoDDER-HAYS. 

(Value of Dye-Standard for Garotene = 2 ·7 mgm. per cent. ) 

Weight of Mgm.% Mgm.% 
Sample. Moisture Carotene Carotene 

Description of Sample. (Air dry Content. on Abs. on 
baasis). % dry natural 
grams. basis. basis. 

Lucerne Hay, sun-dried, well-cured (Onder-
I stepoort) ............................. 30 7·6 0·92 0·80 

Teff Hay, well-cured ( Onderstepoort) . . . . 20·4 1·0 2·50 2·30 
Mature Grass Hay, sun dried, well-cured 

( Onderstepoort) .................... . . . 100 8·3 ±0·02 ± 0·018 
Yellow Maize Seed-Finely ground ..... . . 100 9·4 0·74 0 ·67 
White Maize Seed-Finely ground .... . . ... 100 - - t race 
Samp-Finely ground (maize endosperm). 100 - - negatiYe 
Pig Feed-Mixture of samp and meatmeal 

(9: 1) ....................... . ....... 100 - - 0·047 
Maize Meal (yellow) . . . ....... . .. . . . . . .. . 

I 

100 - - 0·25 
Bran (Wheaten) ............... : . ....... 100 - - <0·01 
Barley Meal . ..... . ..................... 100 - - <0·01 

TABLE C. 

HELATIVE vALUES FOR CAROTE="E OF VELD GRAS S SAMPLES TAil:EN AT 
DIFFERENT SEASONS l:'OR TWO SUCCESSIVE YEARS (ARMOEDSVLAI\TE) . 

Sample. 
Month of Collection.) 

SAMl'LE I. .. .. ......... . OctobeT, 1933 ..... . .... . . 
SAMPLE II . . ........ . .. . 
SA}iPLE III . . .. . ....... . 
SAMPLE IV .... .. . ..... . 
SAMPLE V ..... . . . . . ... . 

JanuaTy, 1934 ....... ... . 
April, 1934 ............ . 
July, 1934 ............. . 
October, "1934 ... .. ...... . 

SA1iPLE VI ....... . .... . 
SAMPLE VII ............ . 

January, 1935 ....... . .. . 
April, 1935 ............ . 

S.UfPLE VIII. .. . ....... . .Ju!y, 1935 .. . ...... .... . 

DISCUSSION. 

Season. 

Srring 
Summer 
Autumn 
Winter 
Spring 

Summer 
Autumn 
Winter 

Mgm.% 
Carotene 
(on Abs. 

dry basis). 

0·11 
1·85 
0·98 
0·26 
0·61 
2·64 
4·66 
0·23 

Mgm.% 
Carotene 
(on Air 

dry basis). 

0·11 
1. 71 
0·92 
0·24 
0·57 
2·45 
4·32 
0·22 

Samples of some of the feed and fodder materials fed to farm 
animals at Onderstepoort, "·ere analysed for Carotene. 

Ii is evident hom 1'able A that lucerne in young stage of growth 
is a rich source of carotene. · 

The g-reen Sudan grass and green. Barley , though cut at a i airly 
late stage of growth (seeding stage) still had appreciable amounts of 
Carotene. The low Carotene content of the s·ample of maize plant 
was probably clue to the late stage of growth of this material. 
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In the case of grass hay the Carotene content ranged hom U·l 
to 0 · (j mgm. per 100 grams dry material. Hays, in general ('l'.a ble 
D) are vm·iable in their Carotene co ntent, the amounts depending on 
the process of drying and curing. 'reft hay gave as much as 2 · 3 
mgm. Carotene per 100 gms. dry material. Probably thi s t eff \Yas 
cut for hay at a favourable growth-period a url was dried and cured 
under conditions which were favourable for the preservation of it<> 
Carotene. 

,,. ell-cureu, suu-rhied lucerne hay was lmY, probably due to 
considerable loss of Carotene during the drying ami curing proce::;ses, 
as was found to be the case by 8. Hauge (1\):30) in experiu1ental 11·ork. 

Some matm·e grass when cut for h ay proved to be a,; low a:; 
() · 02 mgm. Carotent per 100 ~·ms. dry material. This hay, eYen 
if fed liberally cannot serve as an adequate source of Carotene, if 
no green material or other food, containing Carotene is given; 
animals \Yill in time suffer hom the effects of Vitamin A defiri enc)·. 

Of the mai11e (seed), th e yellow variety, though lmY i11 Cm·otene, 
was much higher than th e \Yhi te Yariety. 

Analy::;is of Yeld gra~s :samples hom Armoed~ ,-la kte, Bech uana­
land for different seasons of two SU('cessi ve year s are tabula ted in 
Table C. For a greater part of the :year the natural YPld-gras:; at 
ArmoedsYlakte is apparently lon· iu Carotene . In 1934-35 this ,,·a :; 
Yery pronounced during the dry period (winter an d spring) ; in the 
summer, ,,·h en copious rains fell (summer-rainfall area) there " ·as 
ne11· gron·th and the Carotene of samples taken during- that period 
showed a gntdual inerease, r eaching its maximum in Autumn. 
'rowards \l'inter there was a decline which mighi continue into Spring 
or until ne11· growtl1 appeared. 

As Carotene is the precursor of Vitamin A , ll'hich is essential 
for the gTowing animal, as also for normal reproduction , good henlth 
and high Yi ta lity, it \Youl<l appt'a.r that the <langer of an A. 
avitaminosis during th e dry periods of the yea r in area~> like Armoecb­
vlakte, \Yhich are common in other l arts of the Union, rannot be 
excluded. From "·ork n·hich is proceeding it may eYen be tenta­
tiYely concluded t hat such deficiency doe::; exist at times for normal 
growth and maintenance. Furthermore, hays cured under preYailiug 
conditions and .fed back to animals during such period of foorl 
scarcity might 11ot contain adequnte <JUantities of Carotene to make 
good the cleficien<:y in t l1e natural pastures . 

The Vitamin A requirements of animals, exc:ept pigs-wlli<"h 
according to Dunlop (1980) re(Juire dail y per 100 lb. liYe-\l'eight 
approximately 4 mgm. Carotene. are un certain, b ut n·ith data that 
" ·inter pa::;tnres in summer-rainfall a_rea are u~uall~· lo1Y in C'arot·enP, 
the problem of A-aYitamino:;is during dry periods, especial!;~- under 
nmching· COJHlition s, is well wmth hnther inYestigation espe1'ialh· 
in the li ght of work of Guilbert ancl Hart. Such \YOrk l1as lJeen 
started and "· ill l1e reported on i n due course . 

8U~DIARY. 

1. D etails a re g·iyen of tlie method employe<] at this Institute 
for the rleter min a tion . of Cal'oten P in some anima 1 foo1l stuff;:; . 
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2. The Carotene oontent of pa;:;ture diminishes rapidly as the 
pasture matures and becomes dry during winter or during dry periods 
of drought. 

3. The Carotene content of the Cereals included in the deter­
minations is low, yellow maize being the highest and the sample in 
question containing 0 · 74 mgms. Carotene per 100 gms. dry material. 

4. The existence ()f an A-avitaminosis in stock entirely dependent 
on natural pastures during periods, when only dry pasture exists, is 
discussed. 
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