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1
This application is made under tbe !tC!t,; of

:M'it-relt3;1883'; a-samendM'sy' the aet:of Al'i'il':30,
1'n8; and' the ii'l'Ve-ntionhelle-in.described, if pat;..
ented, may be manufactured' and used by:01' fOl'
tlt~ Government: of the' TiFnitedstaws' of America
.ftn' gevernmentaf purposes' witheut· the payment
1i\<1·uS'·oflany'roYailtytl:1ereon:
This" invention relates to the recoverY"of earo-

tene· in ao1'lcentrated;: farm :fi'om·:fiIeshY'earetene-
oontainiilg plant' tdssue sach as' carrots, sweet
potatoes' a-nd squash·; and' has 3;mGngits' objeets
the obtillinihg of ai·ca;rotene' concentrate' fn an
eftfcient:and':ecnnomfeaFmanner:

Il1' genera[i aco-ording?to the inventi<m~ the
fleshy carotene-containing plant tisS'U6'IS"prerel'~
ably' llut not rrecessa'l'Hy'ptllped, and then fer-
mented witn Clastrtidium; reseum, thus to digest
and dissolve a large- portion·' af the constituents,
such as the cellulose cell walls, sugars, starches,
a portion of the'protein; and' other materials, but
not tb.e:olillrotene,ther.eb3{to. liberate, th'e:oeH,con-
tents containing the carotene;
At the end of.the. fermenta.tion, a thick orange-

colored sludge- c-ontaining' the caroten-e floats on
the s\1lnace of the fermentation mass. The' f~c~
WllS: :responsible, for the. floating: may tie' dUe. to
tI:l:e,'cliemiCaLandcolloidal make,'"upof tlie-,.sludge
and partly to. the, entrapped,. saa formed during
the fermentation. Trie fermentation liquor un-
dernmtfi the sludge is practlc-a'lly free of carotene-.
Mitt: man be siphoned off, to sepID'ate tfiec'sludge
from the fermenta.tion. mass, and be discarded or
worked up for recoveryoftfie solvents produced
b¥'- the". fermentation;.. or: the" siildg.eomay' be: sepa-
rated from the mass in any way desired,
ThEr·silil.a'g-e-.is tIren, stirr.ed wtt& Wa1tel~,neu-

tralized, a salt of polyvalent metal added if de-
'sired, and boiled for a few minutes to cause coag-
ulation of a fraction containing the carotene .
The boiled mixture is then screened to free it of
tissue debris. The coagulated carotene-contain-
ing fraction precipitates on cooling and will set-
tle by gravity or may be removed by centrifuging
or filtering.
The precipitate may be used in this form as a

carotene concentrate, or it may be dried in any
suitable manner and used as such, or it may be
subjected to extraction by organic solvents for
the recovery of a yet purer carotene. -
Because of the high carbohydrate content of

many of the plant tissues, fermentation of the
fresh plant material leads to the formation of a
slimy polysaccharide which interferes with later
steps in the operation. This can be avoided, how-
ever, by grinding, boiling, and straining the tis-

2:'
sues'whleh gwe tfiis<tIroublecprior:·to'fermen1ll!litton;
there8y: elimihlltiit~" a In-rge-pain of- the' slHl'1'e'-
:fo1't11ihgcar'fjohytii'tatlf. The boiIing' of th'e' pJant
tiS!'lue'may' Jje'oarrtim"out iil' tlie'rebsenee' of ai!r"ii1

6 order to' p:re'Ve'll,t o'fiffMiV'e decomposition' ot tHe
carotene, and·1 tUell' stored' for IMeri proc~
S'ttlffcien'ttwaJteris''MtI'ed''ta .1ifie boiledJrend gfjrm'iret'l
platnt tliSS'l;fe', and, if; ii>'m(ilcufated'With a' vigomus
grtJwing' eultiIre of tfte fermentat'ltlu' miC1'O''''01f,;,

10 ga-nISmi and, incubatedl ~r' a sufficient; pet"fM¥.
umllJ,nythree-tb1:o'l:lrtda~ under"anoofamc eondll.
tfen'at:35Q'C:
WnetrorganiSlnS'-3;1'e"8sed(wHfclVdo-'nat'protluee

gasi the' tmorotene-eantitinftttl" mrellel'faPmay not
15 rise' to ,the' surfooe- as' w sludge: In.' tHig. case, t-he

wfu:ffu fermentation mixture,may be' cO'!toguHlited
and;worked' up' as' deS'<ll'1b-etl"a;bove relative tC1'tfte
sludge~
The' fallOwing e!llampIes:- ~liimt the' ii1'Ventkm

20 m01'.e'S}'>ecif1.breIly::
Examp,ze 1

30.67 kg. of fresh carrot roots, corresponding
tcr-2.mfkg; of'dry weight with' a'caroten-e'corrt'lmt

25 of"6'25'mibrogra;nrs:J;l'erg-: d'ry'wetgnt, waS'ground
arrcf steeped' ih' 4'ff'litel'S'ot' wa;~F!W 911-cCC: ffJr' gO
minutes' and vmS' tfien:' strain-eli fOr' the" I'Ul'POlle
of removth:g slimEl'"fbrming"carbohYlftat't!s; Tfte
stra1ne-d'ca;rroirpufP'wlts'malie up'to"(ffl"lltel'Swttli

110 tall water, inocl1'latecfwftfr7';(f'Irt'el"S' Offan 18'-Itour
culture' of Clbst'rftlium 1"Ose'ltm ami fermtmte'd
anaerobically fin' CG!!-atmospfi'el'e)' forttlre6"dayS'.
At'ttie" end'o:fth6"~entation pettod'; an'orln'fgel'-
colored"tap'la;yerWlts-:gresent amounting-to'afmut

35 5' lfters- in- volume': hbou176'2'litel'S'of tfie undfu'
liquor; containing- essentrltI'ly' no carotene; was
siphoned"oft.': T1"re top layer tlte!twa'Sdiruted'witft
3 liters of water. neutralized and after addition
of 60 g. of aluminum sulfate, boiled for 15minutes,

40 The boiled mixture was then screened through a
No. 40 screen in order to remove jihe corky tissue
and other debris. The screened' suspension was
then placed in the cold room over night, during
which time the carotene-containing coagulum

45 settled out. The clear. faintly yellow-colored
supernatant liquid was siphoned off. and the caro-
tene-containing sediment was centrituged and
dried in a vacuum oven at 60° C. yielding 191 g.
of dry weight with a carotene content of 0.93%.

60 This represents 96.0% recovery of the total caro-
tene and a 15-fold increase in carotene concen-
tration over the original carrot on a dry matter
basis, and a 154-fold increase on a fresh weight
basis,

61 As mentioned before, a fUrther purification of



3
the dry carotene concentrate can be obtained by
solvent extraction. The advantage of applying
solvent extraction at this stage Is apparent. In-
stead of drying the carrots and then extracting
the total dry weight (2.96 kg.) as practiced in
other methods, in our process only 191 g. need to
be extracted, a fact which constitutes a great
saving in operation cost and in the amount of
solvent required for the extraction. Extraction
with petroleum ether of a dry carotene concen-
trate yielded, after evaporation of the solvent,
an oily preparation containing about 6% of
carotene, representing a 53-fold increase in caro-
tene concentration over the original dry carrot.

Example II
One kg. of sweet potatoes corresponding to 252

g. of dry weight and 806 micrograms carotene,
or 3.2 micrograms per g. dry matter, was ground,
boiled for 15minutes in 1.5 liters of water, strain-
ed; and the pulp thus obtained was inoculated
with 200 co, of an 18-hour culture of Clostridium
roseum. The total volume was made up to 2
liters. The boiling of the sweet potato pulp prior
to fermentation had the same desired eJIect as
described for the carrot fermentation. After 4
days of anaerobic fermentation, the yellowish-
brown top layer was separated, 300 cc, of water
added and the mixture was neutralized. After
addition of3 g. of aluminum sulfate, it was boiled
for 20 minutes and screened to remove the cork
and vascular particles. After cooling over night,
the carotene containing fraction had flocculated
out. The supernatant liquid was siphoned off
and the residue centrifuged and dried at 50°C.
in the vacuum oven, yielding 17.4 g. of dry prepa-
ration with a carotene content of 904.8 micro-
grams or 52 micrograms per g. dry matter, .re-
resenting a 16-fold increase in the concentration
of carotene on a dry matter basis, and a complete
recovery of the original carotene. '0

Example III
The fermentation of winter squash was car-

ried out the same way as described for the car-
rot and sweet potato, except that the fresh squash
pulp was fermented without any boiling prior
to-fermentation.- TheboHing of winter squash
pulp slowed down the fermentation,and the re-
sulting carotene-containing fraction was dif-
ficult to separate from the mother liquor. One
kgrof winter squash pulp,corresponding to 167.8
g. of dry weight and containing 23,493 micro-
grams. of carotene or 142 micrograms carotene
per g. dry matter, resulted; after preboiling, fer-
mentation and separating and drying as de- ,;:,
scribed above, in 12.9g. of dry matter containing

13,1548,088
4

23,607 micrograms of carotene, or 1830 micr" .•
grams per g.dry matter, representing a 13.I-fold
increase in the concentration of carotene on a
dry matter basis, and a complete recovery of the
original carotene.

G Having thus described the invention, what is
claimed Is:

1. A process of recovering a carotene concen-
trate comprismg, fermenting a fleshy carotene-
containing plant tissue with CZOstridium roseum

10 to digest and dissolve a large portion of the con-
stituents but not the carotene, thereby to liberate
the cell contents containing the carotene, and
recovering a carotene concentrate from the fer-
mentation mass.

15 2. The process of claim 1, wherein the plant
r tissue is carrot roots.

3. The process of claim 1, wherein the plant
tissue is sweet potatoes.

4. The process of claim I, wherein the plant
20 tissue is squash.

5. A process of recovering a carotene concen-
trate comprising pulping a·fleshly carotene-con-
taining plant tissue, boiling and straining the
pulped tissue to remove slime-forming car-

26 bohydrates, fermenting the resulting plant tis-
sue with Clostridium roeeum to digest and dis-
solve a large portion of the constituents but not
the carotene, thereby to liberate the cell contents
containing the carotene, separating the sludge

30 containing the carotene from the fermentation
mass, botlmg' the sludge with water to cause co-
agulation of a fraction containing the carotene.
and recovering the coagulated fraction from the
boiled sludge.35 JONATHAN W. WHITE, JR.

JOSEPH NAGHSKI.
LEOPOLD WElL.
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