GENUS GLYCINE SUBGENVS GLYCINE

hybridization attempts between the soybean and the
species in the subgenus Glycfire as a means of producing a
low linolenic acid soybcan. However, the wild species germ-
plasm might have other chemical or agronomic characternis-
tics of use to the soybean breeder. An understanding of the
variability that does exist between and among the wild
Glycine species is required before they can be urilized in
any breeding proiects,
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Effect of Ultrasonic Comminution on Liquid
Classification of Cottonseed Protein

and Gossypol Pigment Glands!

R.J,. HRON, Sr., and AV, GRACI, Jr., Southern Regional Research Center, Agricultural
Research Service, USDA, PO Box 19687, New Orleans, LA 70179

ABSTRACT

Slurries of pin-milled fuil-fac and fiaked, extracted cottonsced were
ultrasanically comminuted in hexane and liquid-classified wusing
laborazrory differential sertling technigues. Sonication of full far cor-
tonseed siurries inereased the ligquid dassified protein fraction recaoyv
ery from 25.9% inonsonicated control) to over 6U%. while the pro-
tein content of the fraction remained basically consuant st 67%, and
free gossy pol increased dightly from (0.027 o 0.032% Sonication of
flaked, solvent extracted (Far free), durrwed cuttonseed vielded a
28% dassificd Fracrion coaraining 72% protein and 0.032% free
gossypol. Althuugh it was demanstrared on (aboratary scdle only,
ultrasonic com:uinution may make rhe prive of edible cottonseed
prutein concentrates produced from ganded seed (via 2 process such
a3 the liquid vyclone provess) compeiitive with other edible prowin
produves

INTRODUCTION

Wer disintegration of cotzonseed, in conjuncerion wirh Liquid
classificatinn nto whole, tnxic, gossvpol-containing pig-
ment gland and protein meal tfractions, was intialiy invest-
pated by Boatner and lall in 1946 (1} They disintegrated
cottonseed flakes in a specitic gravity-adjusted mixture of
chlurinated solvents and hexane in 2 Waring blender, and
thea remowved the floating pigment glands. Vix et al. (2)
sy disintegrared flakes in 2 blender bur resericred their
investigations to a hexane medium in which pigment glands
and coarse mezl serrled to the botom, and a slow-settling,
protein rich, gland free fraction was siphoned from the top.
Gastrock et al, (3) capitalized on these distinctive settling
characterisiics and developed the first continuous wet
ciassificarion process, the liquid cyclone provess (LOCPY
Gardner ¢t al. {#) and Gastrack (5) improved the L.CP, but
it has never been fully commercialized.

All past cortonseed classitication research used conven

'Presented at the AOCYS Annuial Mecting, 1981, New Orleans.

tional mechanical Jdisintegrarion methods with blenders and
pin and stone mills. Many researchers have used another
mechanical disintegration method, sonication, as an aid
in extracting vegetable oils (6 8) and protwein (9-11), but
information about effects of sonication on pigment gland
rupture and protein classification is lacking. Ultrasonic dis-
integration of a slurry is achieved by applying clecirical
energy to a crvstal, which changes shape in tune with the
applivd elecrricas field, crearing pulsations or ultrasonic
waves. The waves, consisting of alternate compressions and
rarefactions (a phenomonon Known as cavitation), cause
formation and <ollapse ut microscopic bubbles thar can
produce local pressure changes as high as 20,000 atm, These
cxtremely high shearing pressures and shock waves produce
the disintegration effect.

EXPERIMENTAL PROCEDURES
Materials

The 1977 crop, ginned. glanded cottonseed was vbuained
from oil mills located in 4 different, major cottunseed
growing areas. The solvent used was Skelfysolve B, a com-
mercially availabie hexanc high in n-hexane,

Methods

Hulling  All sced samples were hulled in pilot plant Carver
cquipment to yikld whole and cracked meat fractions con-
teining less than 3% hulls,

Flaking. Flakes ca. 0.30 mm (0.012 in} thickness, wcre
obtained by processing the hulled meat fractions without
prior conditioning throuph Allis Chalmers flaking rolls. In
preparing defatted flakes, both raw and dred tlakes were
Lbatch-extracred 9 times with hexane, Fach excraciion con-
sisted of portions of hexane equivalent to the flaked sample
weight, and lasted 20 min.
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Drying. Whole and cracked meats were dried on a pilot-
plant continuous-belt dryver using air at 82 C (180 F).
Flaked carrunseed meats were dried in batclies on trays in
a forceddrafr oven, also at 82 C.

Grinding, Dried mear samples were comminuted using a
commercial 250 CW Alpine Amencan Contraplex pin mill
for ditferennial setrling rests {DDST) and LCP runs. The mill
side pin disc was operated at 7,300 mpm, and the door disc
countercurrently at 2,575 rpm. For lower Riv Grande
Valley seed, the speed an the mill side dise was reduced wo
5,800 rpm to minimize gland damage in this highyossypol-
content seed.

Sonfcarion. Hexane was added to 100.0 g of pin milled,
full-fat mears to bring the total vol ro 250 ml. in a S00-mL
glass heaker. The probe of 4 Braunsonic 1510 sonicator (B,
Braun Instruments, San Francisco, CA) was inscried ca. 2.5
cm (1.0 in) into the mixture and operated at maximal
output power (400 W} for .5, 1. or 3 min. For extracted
flake samples, hexane was added ro 275 ml of solvent
damp flakes to bring the total vol to 400 mL. in 2 600-mL
glass beaker. The nominal 275 mL volume of solvent-damp
flakes was chosen because it approximares the solids con-
tained in 100 g of pin-milled full-fat meats. The sonic probe
was again inserted ca. 2.5 em into the mixture and operated
at maximal output power for 1, 3, ur 5 min.

Differential seriling rest. The technique used for the DST
was essentially as previously described by Hron (12), using
100 g of pin-milled meats directly, or sonicared slurry
samples.

Liguitd eyclune process. The LCP piiot plant data were ob-
tained bv processing 36-kg (80-1b) batches of pin-milled
meats as previously described by Gardner et al. (4).

Amalyvtical measurements. Moisture, nitrogen, and free and
total gossypol were determined dccording w  standard
AQCS methads (13). Al DST and LCP reported data were
nin in duplicate,

RESULTS AND DISCUSSION

DST daza i Table T show that a .5-min sonicanion of pin

TABLE I

milled, full-fat Texas High Plains cottonseed hexane slurries
increased recovery of the concentrated prorein fraction
trom 25.9% {nonsonicated cunirol) o 61.8%, (a 140%
increase}, with only slight changes in proicin content. The
change in free gossypol from 0.027 to 0.032% is within the
accutacy of * 0.005% claimed by Pons for the method (14).
When compared to the LCP, the .5-min sonication, using
identical pin-miled mears, increased protein concentrate
recovery 27%, with little difference in free gossypol and
protein contents. Similar results were found with Missis
sippi Delta seed. Fxtending sunication to 3 min for the
Mississipp1 Delra seed was impractical because it increased
recovery vnly 2.5% over the [-min treatment while increas
ing free gossyool content to 0.069%.

Data for lower Riv Grande Valley sced are reported in
Table 1 to show the effecr of sonication on 2 seed high in
free gossypol, (In a recent unpublished survey by the
authors, seed samples obtained from cil milis located in
the 7 major U.S. corronseed-growing areas were found to
have free gossypol contents ranging from 0,768 ro 1.32%;
the highest amount was from Lower Rio Grande Valley
seed.) Although the free gossypal content of the DST and
LCP samples obuined from this seed is above the FDA
permitted level of 0.045% (15}, sonication of a milled:
mear slurry sample resulted m doubling the recovery rate
with only a small increase in free gossvpol ¢onzent.

Because direct sonication (bypassing the pin-mdling
step) of these same meats resulted in recoveries of only 5%,
tt was discontinued. Further investigations of direct sonica-
ton, using dried. solvent-extracted, Lower Rio CGrande
Valiey flakes, produced DST recoveries of 12.4 and 26.9%,
respectively, edible free gossypol levels were 0.024% for
both (Table 11). Similar results were obtained with Texas
High Plains and Mississippt Delta flakes. Although idenncal
sonication treatments of all untreared (not dried}, extracted
flake samples vielded higher DST recoveries than dried
flake samples, excessive gland rupture occurred and free
gossypol was found 1o be above levels permitied by FDA.
Apparently, as was previously reported {4,11), seed mo:s
rure and absolute gossypol content remain key factors in
vbtaining edibic protein concentrates from glanded cotton-
seed. Protein contents reported in Table Il are generallv

Effects of Sonicating Pin-Milled, Full-Fac-Meat/Hexane Slurries

Concentrate Free Total
Meats source recovery gossypol gossypol Protein
and treatment? (%) (%}© (%3¢ (%)d
Texas Iigh Plains:
Control 259 0.027 0.078 . 674
Sonicated .5 min 61.8 . 0,032 - 66.8
Sonicated 1 min 63.5 0.033 0.137 67.9
Pilot-plant LCP 48,7¢ 0.027 0,081 64.7
Mississippi Delta:
Control 21.2 0.635 0.134 72.0
Sonicated .% min 525 0.043 0,137 704
Sonicated 1 min 54.3 0.041 0.134 73.5
Sonicated 3 min 56.8 0,069 0.240 68.7
Pilot-plant LCP 42.8¢ 0.043 0.184 68,9
Lower Ric Grande Valley:
Contred 13.0 0.050 0,110 64.3
Scnicated .5 min 26.4 0.057 0.157 67.9
Pilot-plant LCP 39 ze O.081 0.226 64,1

aMeats contain <3% hulls.and <2% moisture,

b Overs™ weight-percent fraction from differentially settded slurry samples,

CAsis basis, -
dMoisture-/and oil-frec basis, N X 6.25.

®Represents *‘overs” fraction from pilot-plant LCP.
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TABLE II'

Effects of Sonicating Solvent-Extracted-Flake/Hexane Slurrics

Sonication Concentrate | Free Total
Seed source time recovery gossygol gossypol Protein
and treatment (min) (%)3 (%) (%) (%)¢
Texas High Plains: :
Untreated, extracted flakesd 1 25.7 0.061 0.164 72,7
3 29.0 0.066 0.200 67.6
Dried, extracted flakes® 1 17.6 0.025 0.056 73.1°
3 28,0 0.032 0.076 72.1
Mississippi Delta:
Untreated, extracted flakesd 29.0 0.081 0.321 72.1
Dried, extracted flakes® 5 215 0.036 0.127 70.9
Lower Rio Grande Valley: )
Untreated, extracted flakes 1 17.1 0.076 0.188 70.7
Dried, extracted flakes® 1 12,4 0.024 0.061 69.6
5 269 0.024 0.076 69.5

a“Qyers” weight-percent fraction from differentially settled slurry samples.

bAs-is basis.
CMoisture-/fand oil-free basis, N X 6.25.

dgolvent-extracted flakes obtained from meats containing <3% hulls and >>7% meisture,
€Flakes dried to <29% moisture prigr to extraction.

equal to those in Table 1 for sonicated slurry samples, and
are equal to or slightly higher than those reported for both

“ the nonsanicated LCP and control samples, indicating that
sonication can assist in obtaining higher recoveries and also
in protein classification. :

Data in Tables I and 11 were for meats containing 3%
hulls. In order to simulate oil-mill processing, 1.6 kg (3.6
1b) of hulls were added back to 6.4 kg (15 Ib) of full-fat
meats prior to flaking ta produce the equivalent of a 43%-
protein extracted meal. Table I1I compares effects of soni-
cating extracted flake slurries with and without addition of
hulls, In all cases, both the untreated and the 43%-protein-
equivalent extracted flakes produced lower recoveries and
higher free gossypol levels. The exceptionally high frec
gossypol content of -0.060% for the untreated, 43%-protein
flakes sonicated 5 min was probably due to both moisture
and the excess hulls present. Gardner et al. (16} also re-

TABLE III

ported higher free gossypal when they processed pin-milled,
full-fat meats containing over 3% hulls through the LCP.
LCP and DST data for pin-milled, full-fat meats from
Central East Texas are included in Table III to show that
sonication can increase the protein content of a2 bench-top
liquid-classified sample to that of a true protein concentrate
(+70%).

The ability to produce an edible protein concentrate by
sonicating and liquid classifying an oil-mill marc suggests a
potential process in which ginned seed is delintered, hulled
and flaked as is normally done; contrary to normal opera-
tions, conditioning by drying the flakes to ca. 2% moisture
would be done after flaking (Fig. 1). Such a change is neces-
sitated by the extreme sensitivity pigment glands have
shown to moisture (17). Yatsu et al. {18) found that mois-
ture ruptures glands and, more importantly, results in dis-
persion of minute pigment spherules contained within the

Effect of Moisture and Huil Content on Senication of Extracted-Flake/Hexane Slurries

Sonication Concentrate Free

" time recovery gossypol  Protei

Sample description? {min) (%) (%)¢ (%)
Untreated, extracted flakes® 1 14.6 0.031 72.1
: 5 32.2 0.032 71.3
Dried, extracted flakesf 1 8.9 0.013 727
5 23.8 0.014 72.1
Untreated, 43% protein, extracted flakesg 1 9.9 0,038 73.7
) -5 25.5 0.060 71.2
Dried, 43% protein, extracted flakesh 1 5.8 0,017 70.6
5 . 13.3 0.018 69.7
Full-fat pin-milled - 23.1, 0.033 66.3
LCP . — 45.14 0.030 66.1

aCentral east Texas seed,

bQOvyers” weight-percent fraction from differential settling test,

CAs-is basis.
dMoisture-/and oil-free basis, N X 6.25.

€Solvent-extracted flakes obtained from meats containing 3% hulls and 8.2% moisture.
fFlakes dried to 1.3% moisture prior to extraction,

gSame as e, except hulls added prior to flaking to reduce protein content to ca. 43%.
hSame as f, except hulls added prior te flaking to reduce protein content to ca. 43%.
iRepresents “overs' fraction from pilot plant LCP,
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glands. Thesc spherules are only 0.1-1.5 4 in diameter, and,
once released from their water-soluble matrix, cannot be
removed by normal liquid classificadion techniques,

il mills purposely capitalize on the sensitivity of glands
o water. Routinely, heat and moisture are used to maxi-
mize oil extraction and to fix or bind the released pigments
by reacring them with the protein fraction. This binding
prevents the pigments from entering the oil fraction during
extraction and causing color problems during refining. In
our proposcd process, the condittoned (dried) flakes are
extracted by conventional solvent ¢xtraction eyuipment,
The refined oil produced is expected tu be of prime quality
as a result of the previous drying step and minimal gland
ruprure. The drained, extracted flakes (marc) are reslurried
with hexanc and screened to separate proteinaccous mate-
rnal from excess hulls initially needed for efficknt exrrac-
tion. The slurry is then milled with an inline ultrasonic
nmixer {such as that made by Lewis Corp., Oxford, CT},
and fed to a liquid cyclone for classificarion into overflow
and underflow fractions. The overflow slurry fraction con-
tzins the prorein concentrate, and can be concentrated
cither before being filtered on a rotary vacuum drum dryer
or directly drum dned, desolventized, stripped. milled and
packaged, The opporrunity to drum-dry che slurry concen-
trate is significant because it could elimmate the technical
problems in fileration and desolventization associated with
the origtnal LCP. The underflow slurry could be added to
the screened hull fraction, desolvencized, packaged and
used fur animal feed. It is notable that the amount of mare
processed through the sonicator and liquid cyclone steps
can be treated as a sidestream, and completely controlled
to yreld the amount of procein concentrate desired.

Although demonstrated on a laburatory scale, ultrasonic
comminution has the potennal to dramaticaly improve
the economics uf the existing LCP by increasing recoverics
to over 60%, thus making the process more appealing 10
industry. Alternately, it could be incorporared into sran-
dard od-mill processing operations by mudificarion of the
conditioning step to produce protein concentrate from
glanded cuttonseed economically and av any desired rare
or quantity.
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from ol mil marc.
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