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hybridizat ion a t tempts  between the soybean and the 
species in the subgenus Glyrine as a means of  producing a 
low linolenic acid soybr However ,  the wild species germ- 
plasm might  have o ther  chemical  or agronomic characteris-  
tics of use to the soybean breeder.  An unde .~ta ,  ding o f  the 
variability that does exist between and among the wild 
Glycine species is required before they can be uti l ized in 
arty breeding projects,  
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Effect of Ultrasonic Comminution on Liquid 

Classification of Cottonseed Protein 
and Gossypol Pigment Glands 

R.J. HRON, Sr.. and A.V. GRACI,  Jr., Southern Regional Research Center, Agricultural 
Research Service, USDA, PC) Box 19687, New Orleans, LA 70179 

ABSTRACT 

Slun'ies o. ~ p'r:..mi]Led tulL-fat stud flaked, extracted cottonseed we're 
ulrr~onicdl.v c'ommin~ted ia hexane and liquid-,.'la.'.sified using 
laboratory differential sertltn B techniqueS. Somearion of full fat eta. 
conseed slurries inerea.,,cd the liquie dtuif ied protein fra,."tion recov 
ere from 25,9% (nonsonieat'ed control) r over 61,,'%. wh:Je tee pro- 
rein content of t.he fraction t*..maJr, ed basically constant =t 67%, and 
free gos.~.'pol irl.g-l-esl~.ed slightly from O.O27 to O.t)~,2% ~on'wadon of 
flaked, ,,ol'.'e~tr162 (.far free), slurried eottt,n~,~r ~.'icldcd a 
28'~ da.v~if]cd frzcricm coaraipirtlg 72~ proccin and (I.032% Irree 
gosLvpol. ,.Uzhough it was dem~m,arareJ on '.aboratr scs only, 
ultrasonic com::l:.nution may make the price oz edible cottonseed 
pro;.eirt cort,L'ertlral,t"~l; prt*du,:ed from gtan,'led .,a',ed ('.in .* mincers ~eh  
nt~ zhe I~qt~id ~'clone pr(~'r ~ m ~ t i G v e  w!t~ other ed'~ble p:o:e~n 
proJu<ls 

I N T R O D U C T I O N  

Wet dlslntegrati~sn ~t cotcr,n:;eed, in conluncri tm with liquid 
r intt~ w'hole, toxic,  go~'x'pc~l-containing pig- 
ment gland and protein meal fr.~etton~, war intialh'  investi- 
gated by Boatner  and Ilall in 194.6 (l 'L They disintegrated 
co t tonseed  f.akes in a specific gravity-adjusted mLxture of  
chlorinated solvents ,rod hexane in a Waring blender,  and 
then reru,r,'ed the f loat ing piFn'lent g]~tds. Vix c t a l .  (2) 
also disintegrated flakes in a hh:ndt'r ['x:r restricted rhei:  
investigati,~ns to a hcxane  :v, cdlum in which pigment  glands 
and ct'~arst- meal serried ro the b o t t o m ,  and a sh~w-settling, 
protein rich. gland free fraction was siphoned from the top.  
(;astr,>ck et  al, (3) capitalized on these distinctive ~ t t l i n g  
characteris: ies ,'u~d developed the first con t inuous  wet 
classification process, the :iquid cyclr~nc proces.~ ([.CP}. 
Gardner  ct al. ~ )  and Ga*,trock (5) improved the I.CP, bJ t  
it has never ','>een full*,' co:t:n:erci,dized. 

All pasr c o t t o n ~ e d  t.la.,~sitication research ~sed conven 

h Pr.r at the AtXSS A,':nud Meeting. 1981, Nev,. ()dean,*. 

;.iona] mechanical  d i s in regra fon  ,uezhods with blenders arrd 
pin and stone m i ] [ s . .Many  re~areb.ers have used ano the r  
mechanica] dis integrat ion" meth(• sonicatkm,  ,as an aid 
in ex t rac t ing  vegetable o:,ls (6 8) and prt;~ein (9-11), but  
in format ion  ab,>ut effects  of sonicat ion on pig.,ment g]and 
rupture and protein ela.,,,sifieation :ks lacking. Uhrasonic  dis- 
integrat ion of  a .sJ.,~rrv ix achieved by applying electrical 
energy to a crystal,  which changes shape in tune with the 
applied elecrHc~ field, creat ing pulsations or ultrasonic 
waves. The waves, consist ing of  ,alternate crmlpre'csJons ant] 
rart, factit ,ns (a p h e n o m o n o n  known as cavitat ion),  cause 
format ion  and collapse uf microscopic  bubbles that can 
p r ~ u c e  local pressure c'hartge*, as high as 20 ,000 ~tm, "These 
ex t remely  high shearing pressures and sh~tck waves produce 
the dis integrat ion effect .  

EXPERIMENTAL PROCEDURES 

Mater ia ls  

The 1977 crop, ginned,  glanded ct~ttonseed was obt,tined 
from oil mills located in 4 differcnt ,  major  c o t t o n ~ e d  
growi:tg areas. "The ~dven t  used was Skellysolve B. a c(.)II[- 
:nercia_'ly available hcxanc high in n-hexane.  

Methods  

ttu//m,,z All seed samples were hu!led in pi[ot plant Carver 
equ ipmen t  to ) 'k id  whole and cracked meat  fractions con- 
taining less than 3% hulls, 

Flaking. F!akes ca. 0 ,30 mm (0.012 in.) thickness,  were 
ob ta ined  by processing the hulled meat  fraerions wi thout  
prior condi t ion ing  throe, ben Allis Chzhner,s flaking rolls. In 
preparing defatzed flakes, both raw and d r ~ d  flakes were 
bateh-exrracred 9 t imes  with hexane,  I-ach ex t rac t ion  con- 
sisted of  por t ions  of  hexane  equivalent  to the flaked sarnple 
weight ,  and lasted 20 n~in. 
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D~,ing. Whole and cracked meats  were dried on a pilot- 
p lant  con t inuous-be l t  dra'er using air at 82 C (180 F). 
Flaked co t tonseed  meats  were d f e d  in batches on trays in 
a forced-draft  oven, al~s at 82 C. 

(;ri,dit,g. Dried mear ~ m p l e s  were comm[nu ted  using a 
commercia l  250 CW Alpine Ar, tetJcan Contraplex pm mill 
for differential  setr l ing resrs ( i)ST) and LCP runs. The mill 
side pin disc was operated at 7,300 .,-pnt, and d~e door  d i ~  
coun te reu r ren t lv  at 2,575 rpm. [:or lower Rio ( ; rande 
Valley ~ e d ,  the speed on  {he mi,'l side disc was reduced to 
5,800 rpm to min imize  gland damage ,n this hig~-gossypol- 
c o n t e n t  seed. 

,qomcarion. Hexane was added to IOO.0 g o t  pin milled, 
full-fat meats  to bring the total  vol ro 250 m[.  in a 500-mL 
glass beaker.  The probe of a Braunsonic 1510 sonicator  lB, 
Braun Ins t ruments ,  San Francisco,  CA) was inser:ed ca. 2.5 
cm (l . t )  in.) into tJ~e mixture  and operated at maximal  
o u t p u t  power  (400 W) for ,5, 1. or  ] man. For extracted 
flake .samples, hexane  w~s added ro 275 mL of so lven t  
damp flakes to br ing the tot:d vol to 400 ml.  in a 600-mL 
glass beaker.  The nomina /  275 mL volume of solvenr-darnp 
flakes was chosen because it approximates  the solids con- 
tanned in 100 g of pin-milled full-tat meats.  The sonic probe 
~ as  again inserted ca. 2.5 cm into the mix ture  and operated 
at maximal  ou tpu t  power  for 1, 3, or  5 man. 

Di/'/erential ~'ttling rest. The techn ique  used for the DST 
was essentially as previously described hv ) i ron (12), using 
100 g of  pin-milled meats  directly,  or  sonicared slurry 
samp!es. 

t iquid c y d , ne  process. The LCP p[~ot p lan t  data were ob- 
tained by processing 36-ks (80-1b) batches of pin-mi:led 
meats  as previously described by Gardner  et al. (4-1. 

Amdvti,'al measurements. Moisture, n i t rogen,  and free and 
total  gossypol were de temt ined  according rv s tandard 
AOCS meth~ds  (1.'1). AI? DST and [.CP reported data were 
n]n in dup!ieate.  

RESULTS A N D  D I S C U S S I O N  

DST da~a in "fable I show that a .J-man .~micarmn of  pin 

milled, ftt!l-fat Texas [fish Plains cot tonseed hexanc slurries 
increased r~coverv of the concen: r~ted  protein fraction 
from 25.9% (nonsonica ted  eonzro[) to 61.8%. (a I40% 
increa~eL with only slight changes in protein content .  The 
change in free goss.vpol fronl 0.027 to 0.032% is within the 
at 'curacy of �9 0.005% claimed by Pons for the rltethod (141. 
When compared to the I.CP, the .5-rain sonicat iun,  using 
identical p i n m i i l e d  nlears, increased protein concentra te  
ree~ycerv 27%, with little difference in free gossypol and 
protein contents .  Similar results were found  ~irl-, Missis- 
sippi [)e:ta seed. Fxtending  sonicat ion to 3 nlin for the 
Mississippi Dc!ra seed was impractic,d because it increased 
recovery only 2.5% over the I-mitt t reamtent  while increas 
ing free gossypol con ten t  to 0.069%. 

Data for lower Rio (?;rande Valley seed are reported in 
Tab!e I to show the effecr of  sonicat ion on a reed high in 
free gossypol. (In a recent unpubl ished survey by the 
authors,  seed samples ob ta ined  from oil mills located in 
the 7 major  U.S. corronseed-gro~' ing areas were found ro 
have free gossy'pol con ten t s  ranging fronl 0 .768 ro I . ]2%:  
the highest amoun t  was from l.ower Rio ( ; rande Valley 
seed.) A/ though the free gossypol con ten t  of  the DST and 
I.CP samples obta ined  from this seed is above the FI)A 
permit ted level of 0.045% (15L sonicat ion of a ntiS.led �9 
mear slurry sample resulted m douhllng the recover)' rate 
with only a small increase in free gossypol cfmtcnt .  

Because direct sonicat ion Ibypassing the pin-,z~d'.ing 
step) of these same meats resulted in reeoverie~ of only 5%, 
ir was d i scont inued .  Furrher  investigations of direct sonica- 
rion, using dried, solvent-extracted,  I.x)wer R~o (;r,mdc 
V',dlev flakes, produced DST recoveries oI 12.4- and 26.9%. 
respectively, edible free gossypol leveis were 0.024% for 
both (Table I1}. Similar results were obta ined  g lrh Texas 
}tigh Plains and Mississippi Delta flakes. Al though idcnncal  
sonicat ion t rea tments  of "all un t rea ted  (not  dried'), extracted 
flake samples yielded higher DST recoveries than dried 
flake samples, excessive gland rupture  occurred and free 
gossTpol was found tt) be above levels permit ted  by I:I)A. 
Apparenrly,  as was previously reported (4-,11). seed mo:s 
rure and absolute gossypol con ten t  remain key factors in 
obta in ing  edible protein concent ra tes  front glanded cot ton-  
seed. Protein con ten t s  reported m "l'ab;e II are generally 

TABLE 1 

Effects of Sonicating Pin-Milled, Fuil-Fat-Meat/Hexane Slurries 

Concentrate Free 
Meats source reeowry gossypol 

and treatment a (%)u (%)c 

Tota~ 
gossypol 

(%)c 
Protein 

(%)d 

Texas Itigh Plains: 
Control 25,9 0.027 0.078 67.4 
Sonicated ,5 man 6].8 . 0,032 - 66,8 
Sonicated 1 man 63,5 0.033 0.137 67.9 
Pilot-plant LCP 48.7 e 0.027 0.081 64.7 

Mississippi Delta: 
Control 21.2 0.035 O.134 72.0 
Sonicated .5 man 52,5 0.043 O.137 70.4 
Sonicated 1 man 54.3 0.O41 0.134 73.5 
Sonicated 3 mln 56.8 0.069 0.240 68.7 
Pil0t-plant LCP 42.8 e 0,043 0.184 68,9 

Lower Rio Grande Valley: 
Control 13.0 0.050 OA 10 64.3 
Sonieated .5 man 26.4 0,057 0.157 67.9 
Pilot-plant LCP 39.2 e 0,081 0.226 64,1 

aMcats COntain <3% hullsand <2% moisture. 
b"Overs" weight-percent fraction fr differentially .settled 
CAs-is basis, 
dMoisture-/and oilUfrec basis, N X 6.25. 
eRepresents "overs" fraction frompilot-plant LCP. 

flurry samples. 
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TABLE II 

Effects o f  $onicating Solvent-Extracted-Flmke/Hexane Slurries 

Sonication Concentrate Free Total 
Seed source time recovery gossy, pol gossy, pol Protein 

and treatment (min) (%)a (%)0 (%)0 (%)e 

Texas High Plains: 
Untreated, extracted flakes d 

Dried, extracted flakes e 

Mississippi Delta; 
Untreated, extracted flakes d 
Dried; extracted flakes e 

Lower Rio Grande Valley: 
Untreated, extracted flakes d 
Dried, extracted flakes e 

1 25.7 0.061 0.164 72,7 
3 29.0 0 .066  0 ,200  67.6 
1 17.6 0.025 0.056 73.1 
:3 28,0 0.032 0.076 72.1 

5 29.0 0.081 0.321 72.1 
$ 21.5 0.036 0.127 70.9 

1 17.1 0.076 0.188 70.7 
1 12,4 0.024 0.O61 69.6 
5 26.9 0,024 0.076 69.5 

a"Overs" weight-percent fraction fronl differentially settled slurry samples. 
bAs-is basis. 
CMolsture-/and 011-free basis, N X 6.2.5, 
dSolvent~extracted flakes obtained from meats containing <3% hulls and >7% moisture, 
eFlakes dried to <2% moisture prior to extraction. 

equal  to those in Table I for sonicated slurry samples, and 
are equal to or slightly higher than those reported for bo th  

t h e  nonsonica ted  LCP and cont ro l  samples, indicat ing that  
sonicat ion can assist in ob ta in ing  higher recoveries and also 
in protein  classification. 

Data in Tables I and II were for meats  con ta in ing  3% 
hulls. In order to  s imulate  oibmill  processing, 1,6 kg (3.6 
lb) of hulls were added back to 6.4 kg (15 lb) o f  full-fat 
meats prior  to f laking to produce  the  equivalent  o f  a 43%- 
pro te in  ext rac ted  meal, TaMe III compares  effects of soni- 
caring ext rac ted  flake slurries with and wi thou t  addi t ion  of  
hulls. In all cases, bo th  the un t rea t ed  and the 43%-protein-  
equivalent  extracted flakes p roduced  lower recoveries and 
higher free gossypol levels.  The except ional ly  high free 
gossypol con t en t  of 0 .060% for the  un t rea ted ,  43%-prote in  
flakes sonicated 5 min  was p robab ly  due to both  mois ture  
and t h e  excess hulls present.  Gardner  et al. (16) also re- 

por ted  higher free gossypol  when �9 they processed pin-mil led,  
full-fat meats con ta in ing  over 3% hulls through the LCP. 
LCP and  DST daxa for pin-mil led,  full-fat meats  from 
Central  East Texas are inc luded in Table  III to show that  
sonica t ion  can increase rite p ro te in  c o n t e n t  of  a bench- top  
liquid-classified sample to tha t  of  a true pro te in  concen t ra te  
(+70%). 

The  abil i ty to produce  an edible pro te in  concen t ra te  by 
sonieat ing and l iquid classifying an oil:mill marc  suggests a 
potent ia l  process in which g inned seed is del intered,  hul led 
and f laked as is normal ly  done ;  cont ra ry  to  nomla l  opera- 
t ions ,  cond i t ion ing  by d r y i n g  the flakes to ca. 2% mois ture  
would be done  after  f laking (Fig. 1). Such a change is neces- 
si tated by the ex t reme sensitivity p igment  glands have 
shown to mois ture  (17). Vatsu et  al. (18) found  that  mois- 
ture rup tures  glands and,  more  impor t an t ly ,  results in dis- 
persion of m i n u t e  p i g m e n t  spherules con :a ined  within  the 

TABLE III 

Effect  o f  Moisture and Hull Content  on  Sonicat ion of  Extracted-Flake./Hexane Slurries 

Sonication Concentrate Free' 
.time recovery gossypol Protein 

Sazuple description a (mln) (%)o (%)c (%)0 

Untreated, extracted flakes e 1 14.6 0.031 72.1 
5 32.2 0.032 71,3 

Dried, extracted flakes f 1 8.9 0.013 72.7 
5 23.8 0.014 72.1 

Untreated, 43% protein, extracted flakesg 1 9.9 0,038 73,7 
�9 5 25.5 0.060 71.2 

Dried, 43% protein, extracted flakes h 1 5.8 O.O17 70.6 
5 13.3 0.018 69.7 

Full-fat pin-milled -- 23.1. 0.033 6t5,3 
LCP -- 45.11 0.030 66.1 

ace ntral cast Texas seed, 
b"Overs" weight-percent fraction from differentia! settling test. 
CAs-is basis. 
dMoisture-/and oil-free basis, N • 6.25. 
eSolvent-~xtracted flakes obtained from meats containing 3% hulls and 8.2% moisture. 
fFlakes dried to 1.3% moisture prior to extraction. 
gSaffne as e, except hulls added prior to flaking to reduce protein content to ca. 43%. 
hs~zne as f, except hulls added prior to flaking to reduce protein content to ca. 43%. 
iRepresents "overs" fraction from pilot plant LCP. 

JAOCS, vol. 59. no. 1 (January 1982) / 27 



R.J. HRON. St., AND A.V. GRACI. Jr. 

#ands.  "I'hesc spherulcs art only 0.1-1.5 p i,n diameter, and. 
o n c e  released from thetr water-soluble matrix, cannot bc 
removed by normal liquid classification techniques. 

Oil mills purposely tapir,dine on the sensitivity of glands 
to water. Routinely, heat ~nd moisture are used to maxi- 
mize oil exrracrion and to fix or  hind the released pigments 
by reacting them with the protein fraction. This binding 
pre~cnts the pigments from entering the oil fraction during 
extraction and causing color problems during refining. In 
our proposed process, the conditioned (dried) flakes are 
extracted by conventional solvent extraction equipmenr. 
The refined till produced is expected rt# be of prime quality 
as a result of the previous drying step and minima/ gland 
rupture. The drained, extracted flakes (marc) are reslurried 
with h e x a n e  and screened to separate proteinaceous mate- 
nat from excess hulls initially needed for efficient exrrac- 
rion. The dUlly is then milled with an inlinc ultra.sonic 
mLxer (such as thar made by Lewis Corp.. Oxford. CT), 
and fed to a liquid cyclone f o r  classiflcarion into overflow 
and underflow fractions. The overflow slurry fraction con- 
tains the protein concentrate, and can be concenrrated 
either before being filtered on a rotary vacuum drum dryer 
or directly drum dried, desolventized, stripped, milled and 
packaged. The o p p o r ~ n l t y  to drum-dry the slurry c o n c e n -  
trate is significant because it could eliminate the technical 
problems in filtration and desolventizafion associated with 
the original LCP. The underflow slurry could be added to 
the screened hull fraction, desolvenrized, packaged and 
useJ for animal feed. It is notable that the amount  of marc 
processed through the sonicator and )iquid cyclone steps 
can be treated as a sidestream, and completely controlled 
to yarld the amount ,>f protein concentrate desired 

Although demonstrated on a laboratory scale, ultrasomc 
comminut ion has the potential to dramatically improve 
the econonxics of the existing I.CP by increasing recoveries 
to over 60%, thus making the process more appealing to 
indusrry  Alternately. it could be incorporated into sran- 
,lard oil-mill processing operations by modificarion of the 
condit ioning step to produce protein concentrate from 
glanded cottonseed econonlically at~d at any des=red rare 
or q u a n t i t y  
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