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ABSTRACT

Accessions of wild perennial species in Glycine subgenus Clycine
were anulyzed for chromosome number, ol and fatty acid content.
The mean oil conrent appears to be quite similar in seed of thote
species with 2u=40. The only species with appreciable variation in
ol conrenr was Glyctne clandestina. The polyploid accessions (21«
B8O of G rabacing and G, rementella had abxrut the same amournc of
oil as their diploid counterparrs. The fatry acids detected in all seed
of the 7 species in the subgenus Clycine include paimirie, srearic,
oleic, linoleie, linvienic, arachilic and behenic. Among the species,
the fatty acid content of (. clandestind was the most variable.
Within the G tabacing accessions, there was very lictle difference in
farry acid conrent between the diploid (2v-40) and the tecaploid
(2n=B0) accessions, Within the (7. tomentella accessions, there were
minr differences in fatty acid conrent berween the aneeploid dcces-
sions {2n =38 or 78) and their complete genome counterparis (2r=40
or RO).

INTRODUCTION

The genus Giyeme Willd, is divided into 2 subgenera, Gly-
cine and Sofa (Moench) F.J. Herm. The cultivated soybean,
G, max (L) Merr,, and its wild ancestor, ¢ sopa Sieb, and
Zuvc, comprse the subgenus Soja, Both species are annuals
with 22-30, Glyecine sufa 1s indigenous to China, Taiwan,
Japan, Korea and the USSR, The subgenus Glyeine contains
7 perennid wild species {1.2): Glycime canescens FUL
Herm., (¢ clandesting Wendl., €. faleara Benth., G, latifelia
(Benth.) Newell and Hymowitz, and G, furrobeansa (Meissn.)
Benri. are restricted in their distribution 0 Australia and
are diploid (2n -30). Glycine tabacing {Labill.) Benth. and
G tomenteltla Hayata are pnimarily etraploid (20-80), The
species range in distezbution from Auseralia north ro South
China, Taiwan and the Ryuxyu lslands and across several
islands in the South Pacific west of the Andesite Line. In
the past decade, a large number of accessinns belonging to
the subgenus Glycine have been assembled at the University
of lllinois and a project deveted to studving intra and
interspecific variation has been initiated (2-4).

Although the suoybean is a major source of vegetable nil,
there are certain flavor problems associated with it. Lino-
lenic acid has been implicated in soybean oil's off-flavor,
lack of stability, and odor problems (5). Most of the U5
Department of Agriculture’s germplasm colleerion of G
max and . soju have been sereened for penutypes without
iinademic acid. Thus Tar, nu suck genotypes have been lo-
cated {6). Linolenic acid ranges trom 5 to 18% of the oil
in sced ot the subgenus Sofa. Hence, the interest in the seed
of the species in the subgenus Giyeine as potential sourees
of germolasm without or with reduced levels of linulenic
acid.

Investigations on the oil and {awy acid compuosition of
pereanial (Glyeine species have been relatively few. Hymo-
witz et 3l {7) repuorted that 20 accessions, mosdy (. raba
cina and G tementells had the same 5 major fatty acids as
sovbean, ie., palmitie, stearic, oleic, linoleic and linolenic.
In addizivn, the linolenic aud content in seed was about rhe
same a8 the sovbean: however, the wotal oil conwent was
lower. Similar results were reported for one aceession each
of €. canescens and . fuleara (8,9). This investigation was

undertaken o determine the chromosome number, total
oil and fauy acid contents in a large collection vf accessions
of species in the subgenus Glycine and ru establish relation-
ships among them.

MATERIALS AND METHODS

Germplasm

Seed representing 6 species (158 accessions) in the subgenus
Glycine were collected over a 2 year period from green-
housegrown plants at the Univessity of LEhnais. The seed
weighed from 0.5 ro 1.5 g/100 seed compared to ca. 17.5
g/ 100 seed for commercial soybean cultivars, In addition,
many plants had low seed productivity when grown under
greenhouse conditions. The 2 accessions of . larrabeana
were multiplied in Canberra, Australia.

Cytology

Chromosome counts were made primarily duning meiosis
from acctocarmine smears of develvping pellen mother
cells. For ruot tip squashes, scarified seeds were germinated
on filwer paper in petri dishes at ca. 20 € until the roots
were 56 mm oin length. The iemperature was increased to
30 C for 2-3 hr and the root iips harvested. Subsequent
preparation tellowed ihe technique of Palmer and Heer
(10}, with the exceprion that 3 rubber ruller instead of a
pellet press was used to flatten the celis. Voucher specimens
for all accessions included in this study, exceps for G Lrs
beana, are deposited in the herbarium of the Crop Evole
ton Lahoratorv (CEL), University of Lilinots.

Total Oil

Seeds were dried at §5 C for 7 days 10 obtain moisture
contents of about 3%, Totai oil was obtained by a4 Variin
Pat-20 NMR Process Analyzer using a small probe (ca. |
o seed).

Fatty Acids

For fatiy acid analysis of single seed, the tollowing micro-
analvrical techaique was developed. The seed was placed in
a Folin-Wu wbe (25 < 200 mm}, 5 mL of Skelly F petro-
leum ether (glass-distilled) added and the tube was placed
in an ice bath, The seed was ground in Skelly F petroleum
ether using a Polytron homogenizer (Brinkman Instru-
ments) at full setting for 10 sec and the tube was rewurned
to the ice bath. The ground sample suspended in Skeliy F
petroicum ether was filtered (Whatman 50) and transferred
to a reaction tube (14 < 100 mm), 2 ml. of 1% H;S0; in
anhydrous methanol and a Teflun bailing chip were added.
The sample was mixed for 1 min using a Vortex mixer.
Afterward, rthe mbe was placed in an aluminum heating
biock sct at 20 C for 10 min or until about 0.5 ml. of selu-
tion was left in the tube. The tube was removed from the
heazing block and allowed to cool to room temperature.
Then 3 mL of giass distilled Skelly ¥ petroleunt ether was
added to the tube and mixed well for 1 min using a Vorwex
mixer. A Pasteur capillary tube was used to remove the
lower part of the liquid which was mainly alcohol, water

JAOCS, vol. 59 no.1 {Janvary 1982}/ 23



C. CHAVEN, T. HYMOWITZ AND C A NEWELL

and acid, e.g. Abour 0.2 g anhydrous Na 804 wus added to
the reaction tube, mixed well with the Vortex mixer and
centnfuged at 3,000 rpm for 5 min at 4 C. The clear super-
natant was transferred into a 1-dram vial, covered with a
seprum cap, and evaporated to dryness using z strcam of
nitrogen through a hypodermic needle. Using a syringe,
0.05 ml. of spectral grade isooctane was added to the
vial which was stered at -20 C until further use. Using 5
soybean culrivars as standards (Clark, Cloud, Cutler, Peking
and Wilson-5), the microanalyrtical fatty acid procedure
was compared 1o the AQOAC Soxhlet extraction procedure
(11).

A Beckman GC-5 gas chromatograph equipped with a
Varian CDS 111 integrater recorder was used to detect and
quantify fatty acid content in the seed extracts. A nickel
alloy cofumn (1.83 m long, 3.175 mm od) was packed with
10% 5P 2330 (cyanosilicone) on Chromosorb W-AW (100
200 mesh). About 6 cm of acid-washed glass wool was
placed in the end of the column connected to the injection
port. The glass wool was replaced after ca, 30 samples,

Fixed remperatures included: inlet 220 C; derector line
250 C; and detector 280 C. Gas tlow rates were: air at 300
mL min~'; hydrogen at 45 mL mun~", helium carrier a1 20
ml. min ', and helium make-up at 100 ml. min ' Fauy
acid standards were purchased from Pierce Chemical Co.

TABLE |

Chromosome Number, Mean Oil and Range of Oil Content
in Seed of 124 Accessions from ¥ Species in the
Genus Glycine Subgenus Glycine

0il content

Mean Range
Species No. n (%) (%)

& canescens 19 40 10.8 98118
G. clandestina 37 40 11.0 7.2-15.1
G. latifolia 9 40 11.3 9.9-12.1
G, tabacira 3 40 10.5 9.1-11.9
29 80 10.3 8.3-11.6
9 —a 9.7 8.2-11.3

€. tomentelia 1 40 10.3
5 78 2.4 8.4-10.1
7 80 11.4 8.7-12.3
5 —a 10,1 8.7-11.7

AChromosome number unknown for these accessions.

TABLE II

RESULTS AND DISCUSSION

Comparison of the results of the microanalytical farry acid
procedure to the AOAC Soxhler extraction procedure
suggested that the fatty acid values obtained from the 5
soybean cultivars by the microanalyrical procedure were
comparable to those values obrained by the standard
Soxhlet extraction procedure. Thercfore, we felt justified
in urtilizing the microanalytical procedure for the deter-
mination of fatty acids in the seeds of the species in the
subgenus Glycine. Unfortunarely, not enough sced was
available (ca. 1 g) 1o analyze all of the aceessions for toral
oil content by NMR. Therefore, toral oil conrent was
obtained from only 124 our of the 158 accessions used in
this investigation.

Comparison of 2r chromosome number ro total oil
content in seed revealed several interesting points (Table 1).
The mean oil content appears o be quite similar in the seed
of those species with 2n—40. The only species with apprec:-
able variation in oil content was G. clandestina. Second, the
polyploid accessions (2n=80) of . tubucina and G. tomen-
tella had about the same amount of ol as their diplod
counterparts, Finally, the mussing chremosomes in the
& romentefls ancupluids (2n-78) do not appear to contain
the sites that regulate oil synthesis in the seed. Since chro-
mosume markers are not available, it is impossible o Jeter-
mine whether the same or different chromosomes are
missing from cach of the aneuploid accessions.

The fatry acids detected in all seed of the species uf the
subgenus Glycine include palmitic (16:0), stearic (18:0),
vleic (18:1), linoleic (18:2), hnolenic (18:3), arachidic
(20:0) and behenic {(22.0) (Table 1. Palmitoleie (16:1)
wis tound n all seed except those of &G, fulcara. In 2 acces
stons of G rabacing, traces of lignoceric (24:0) were Je-
tected. All of the species had higher percentages of linolenic
acid contents than usually found in soybeans. Amony the
species, the fatty acid content of G. clandestina accessions
wias the most variable, reflecting the high morpholugical
variability also shown by this species (4). The range in per-
centage fatty acid content amony all of the species analyzed
was: palmitic (26.5-13.6), stearic (13.4-4.8), oleic (20.9-
104}, Linuvleic (47,8-30,2) and linolenic (27.2-11.3).

Within the . tabacinz accessions there was very little
difference in farty acid content between the diploid (24-
40) and che rerraploid (2#-80) accessions. Within the ¢,
tomentella aceessions there were minor differences in farny
acid coatent berween the ancuploid accessions (2n-38 or
78) and their compicte genome counterparts (2#=40 or §0).

The results reported herein do not favar interspecific

Chromosome Number and Fatty Acid Content in Seed of 158 Accessions
from 7 Species in the Genus Glycine Subgenus Glycine

Farty acid content (%)

Species No. 2» 16:0 t6:1 180 18:1 18:2 18.3 20:0- 22:0

U, canescens 19 40 147 T 60 133 392 244 0.3 1.9
G. clandestina 47 40 16.8 T 6,2 14,5 41,8 189 0.5 1.2
. faleara 3 40 18.2 - 10.0 129 414 164 04 0.5
G. latifolia b 40 20.2 0,2 7.1 219 35.5 13.5 0.4 0.7
. latrobeana 2 40 13.0 a1 3.0 153 416 250 0.3 1,5
. tabacina ] 40 20,2 0.3 5.3 144 429 156 0.1 11
31 50 209 0.4 5.7 16,2 388 166 0.1 11

9 — 18.8 0.1 5.1 15.5 42.3 16.1 o1 1.2

. tomentella 2 38 150 0.z 6.8 294 458 20.8 1.2 0.6
: 1 40 14,2 T 7.8 8.1 452 229 1.0 0.4
12 78 16.9 0.1 6.8 8.2 41,7 229 2.8 0.9

11 850 18.9 0.1 2.1 12,0 3a.38 18.2 1.9 11

4 — 15,0 T 6.5 10.0 437 22.2 21 0.4
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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!
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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.

JAOCS, vol. 59, no. 1 (Jaruary 1982) / 23



