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A B S T R A C T  

Hull-free kernels from confectionary-type sunflower seed were 
prepressed with two levels of heat treatlnent and two levels of 
severity of pressing. Cakes were solvent extracted, desolventized in 
a continuous, pilot size extractor, and groumt into flour. For com- 
parison, kernels were also pressed into flour using direct solvent 
extraction and desolventizing at room temperature. Qualities of oil 
and of flour from different treatments were compared. Oils were all 
of good quality with no differences among treatments. Flours 
showed no distinct differences in dispersible nitrogen at pH values 
between 2 and 12, indicating that processing conditions did not 
damage the solubility of the protein. All cake and flour samples 
were high in residual hexane, showing the need for a deodorizer in 
the pilot plant. Treatments did not affect particle size distribution 
in flours. The flour samples all fell within the range for satisfactory 
microbiological quality, although bacteria count increased consider- 
ably during grinding of cake into flour. Treatments affected dry 
color but not wetted color of flour, with the more intense heating 
and pressing producing slighdy darker flours. Amino acid composi- 
tions were not affected by process treatxnents. 

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

Research conduc ted  under  a contract  has shown that  direct 
solvent ext rac t ion  of  hull-free kernels is diff icult  and 
probably impractical with ordinary flake preparat ion 
procedures  fol lowed by percola t ion- type  solvent  ext rac t ion .  
This agrccs with industrial practice for which no direct  
solvent ext rac t ion  plants are known to be operat ing on 
hull-free kernels. One plant  was repor ted  to use the filtra- 
t ion-ext rac t ion  process on kernels which still con ta ined  ca. 
10% hulls. Residual oil in meal was 1.6% (1). Another  
dircct ex t rac t ion  process employed  double  ext rac t ions  with 
desolventizing and flaking between extract ions.  The seed 
was hulled, but  no informat ion  was given on pur i ty  of  
kernels or  type of  seed. Residual oil in meal was 0.4% (2). 

Direct  solvent ex t rac t ion  of cracked,  flaked, undecor t i -  
cated seed, fo l lowed by separation of  pro te inaceous  solids 
and hulls was conduc ted  in pi lot  plant  runs (a paper 
describing this is in preparat ion) .  The  work demons t ra ted  
that low fiber meal conta in ing ca. 10% crude fiber could  be 
produced.  However,  the meal was much too dark for 
human food even if it were low enough in crude fiber, 
which was doubtful .  The dark color  was caused largely by 
small particles of  the ex te r ior  surface of  the hull,  which 
were de tachcd during processing and could not  be removed  
from the meal by screening. In o ther  work under  the 
contract ,  residual hulls in flour started showing as black 
discolorat ion at levels of  ca. 1% hulls (equivalent  to ca. 3% 
unhuUed seed in kernels). 

Numerous  investigations have repor ted  on heat  treat-  
ment  o f  oilseeds or oilseed products  to decrease the dis- 
persibility of  protein in water  or in salt solutions.  This has 
been repor ted  for l abora tory  as well as plant  investigations 
of  soybeans,  peanuts and co t tonseed  (3-8). Mild pressing, 
such as for  prepress solvent  operations,  was relatively less 
damaging than cooking or  desolventizing for co t tonseed  or  
safflower (9,10). 

The findings described above indicated that  hull-free 

kernels, processed by prepress solvent  ext rac t ion ,  would be 
the essentials of  a process to make  food grade f lour f rom 
sunf lower  seed. This is an account  of  pi lot  plant  trials on 
such a process. 

M A T E R I A L S  A N D  M E T H O D S  

Proximate  analyses on raw materials and products ,  and 
evaluat ion of  oil quali ty,  were per fo rmed  in accordance 
with me thods  o f  the American Oil Chemists '  Socie ty  (11). 
Oil-refining loss on screw-pressed oil was de te rmined  by 
m e t h o d  Ca 9a-52 with the co t tonseed  expel ler  modif ica-  
tion. Oil colors were measured by me thod  Cc 13b-45 with 
Lovibond Ti tometer .  

Dispersible ni t rogen profiles were per fo rmed  by shaking 
ext rac t ions  of  f lour  or  meal in distilled water  at 37 C for 30 
min at different  pH levels, as described by Lawhon e t  al. 
(12). This m e t h o d  measured the ni t rogenous materials 
ex t rac ted  under  the condi t ions  o f  the test. The  pH values 
shown (Figure 1) were those at the end of  the ex t rac t ion  
per iod and after  centrifuging.  
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FIG. 1. Dispersible nitrogen prot~des for flours made from prepress 
solvent~xtracted cake and direct so lvent~xtracted meal.  
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Residual hexane determinat ions  in meals were per- 
formed according to a me thod  described by Wan et al. (13). 
Particle size analyses on f lour  were made with an Alpine Air 
Je t  Sieve. F lour  colors were measured with a Hunter  Lab 
Color Difference Meter, Model D25D2. Microbiological 
assays were pe r fo rmed  by recognized methods  for food 
analysis (14). 

The f lowsheet  below shows processing steps which were 
followed. 

I•ULL-FREE KERNELS 

Condit ion 

Press 

Solvent  extract ,,, 

Desolventize solids 

Grind 

F L O U R  

> OIL 

OIL 

Hull-free kernels were procured  from Dahlgren & 
Company,  Crookston,  MN. They were from confect ionary 
seed of mixed  varieties designated D518, D611 and D613. 
They had been screened and contained no hulls or small 
broken particles.  

Condi t ioning equipment  were a 22-in. diameter  batch 
cooker  with b o t t o m  scraper and s team-jacketed bo t t om and 
walls, and an eight-ft.-long, horizontal ,  s team-jacketed 
paddle  conveyor .  The pitch of the paddles in the conveyor  
was set to deliver ca. 300 pounds  per  hour  at 6.5 rpm and a 
re tent ion t ime of  ca. 5 min. Feed rate to the press was 
mainta ined cons tant  by using a vibratory feeder feeding 
irito the heated conveyor.  

Kernels discharging from the conveyor  d ropped  directly 
into the feed-screw section of  a small "Ozawa"  screw press. 
This model  S-95 press was manufac tured  by Cho Giken Kogyo 
Company,  Ltd. ,  Chuoku,  Japan.  It has a cage 3.9 in. in 
diameter  by 21 5/8 in. long, made from machined rings 
instead of  longitudinal  bars as in most  screw presses. The 

rings have machined ridges or grooves that  leave spaces 
through which oil exits from the cage. Oil coming from the 
cage f lowed into a sump from which some of the oil was 
pumped  through a s team-jacketed hea t  exchanger and then 
over the cage. The temperature  of the recirculated oil was 
mainta ined at 85 C (185 F). This heated the cage for start  
up and then cooled it when caking s tar ted and frictional 
heat  raised cage temperatures.  Oil equivalent to incoming 
flow was pumped  by the same pump to a storage drum. Oil 
from a previous run was used to start  the press operat ion on 
the next  run. Thus, oil was not  comple te ly  separated by 
batches. Samples of  oil for refining loss were taken at the 
end of  a run when oil from the previous run had been lost 
by dilution. Back pressure on cake issuing from the press 
was provided by a cone which was movable  along the shaft 
to produce  more  or  less restriction to the discharge of  cake. 
The posi t ion of  the cone affected the thickness of the cake 
as well as the residual oil in the cake. The shaft was driven 
through a variable speed drive at 24 rpm for all trials. Feed 
rate to the press was 300 to 400 pounds  of sunflower 
kernels per  hour. Feed was varied by the feeder to suit the 
demand of  the press. 

Combinat ions of  operat ing parameters  for four treat-  
ments were set up as shown in Table I. Combinations were 
two different  degrees of preheating, designated A and B, 
fol lowed by hard or light pressing. Preheat A was heating in 
the 22-in. cooker  for ca. 20 min to a temperature  of  82 C 
(180 F). Preheat B was heating in the steam-jacketed screw 
conveyor  for ca. 5 rain. to the temperatures  shown in Table 
I. Light preheating was B alone; greater heating was A plus 
B. 

Hard pressing involved setting the press discharge cone 
to obtain maximum achievable reduct ion of oil in kernels. 
Light pressing involved opening the discharge cone as much 
as possible while still getting a cake which was dense 
enough not  to crumble when contac ted  with solvent in the 
extractor .  

Press cake was broken manually and fed into the con- 
t inuous solvent extractor .  The extractor ,  made by Crown 

T A B L E  I 

Processing Condi t ions  for Condi t ion ing  and  Pressing 
Kernels and  Solvent  Ext rac t ing  Cake 

Trea tmen t  n u m b e r  

1 2 3 4 

Preheat ing t r e a t men t  A + B B 

T i me  of  hea t ing  in A, m i n  a 20 - -  
Tempera tu re  r e a c h e d  in A, C 82 - -  
T i me  of  hea t ing  in B, m i n  B 5 5 
Tempera tu re  reached in B, C 82-91 71-77 
Mois ture  in mater ia l  to  press, % 4.9 4.3 

Pressing t r e a t m e n t  Hard Hard 

Tempera tu re  of  circulat ing oil, C 85 85 
Feed rate  t o  press, lb /hr  300-400 3 0 0 4 0 0  
Average cake thickness,  1 /1000  in. 33 17 

Solvent  ex t rac t ion  

Tempera tu re  o f  miscella, C 63 63 
R e t e n t i o n  t ime,  hr  1 1 
Tempera tu re  o f  solids leaving 71-77 71-77 

desolventizer, C 
Retention time in desolventizcr, min 5 5 
Steam pressure on desolventizer, psig 60 60 

A + B  

2O 
82 

5 
82-91 

5.2 

Light  

85 
30O-400 

82 

63 
1 

71-77 

5 
60  

B 

- - .  

5 
71-77 

4.6 

Light 

85 
300-400 

68 

63 
1 

71-77 

5 
60 

aHeat ing  in a vertical s t eam jacketed batch cooker.  
bHeat ing  in a s t eam jacke ted  hor izonta l  paddle  conveyor .  

276A / JAOCS March 1980 



SUNFLOWER SEED FLOUR 

Iron Works of Minneapolis, MN, was pilot plant  size with an 
extraction bed 8 in. wide by 5 in. deep. Miscclla was 
circulated by pump through the slowly moving extraction 
bed. The bed including solvent as well as miscella sections, 
was ca. 12.5 ft long. Retention time of solids in the 
extractor could be varied through a variable speed drive. 
Temperature of miscella was maintained at ca. 63 C (145 F) 
by circulation through steam-heated exchangers. 

Solvent-extracted solids discharged from the extractor 
into a steam-jacketed, horizontal, screw-conveyor-type 
desolventizer of 10 in. inside diameter with a 10-ftqong 
jacket. A slow current of air was pulled through the desol- 
ventizer to carry vapor to a chilled water condenser. 
Desolventized solids discharged at a temperature of ca. 77 C 
(170 F) into an open-head drum. 

Extracted cake was ground into flour with an Alpine 
Contraplex pin mill, Model A 250 CW, having two rotors 
instead of rotor and stator. Speeds of the rotors were ca. 
11,200 and 5,600 rpm. 

R E S U L T S  A N D  D I S C U S S I O N  , 

Confectionary kernels instead of oilseed kernels were used 
for this work for two reasons. Oilseed kernels were no t  
available at the time needed, and, more importantly,  we 
had been unable to produce completely hull-free kernels 
from oilseed-type seed. About  1% hull content  was as low 
as we had been able to go (15). As described in the intro- 
duction, this was barely low enough for the color of flour 
not  to be darkened by hulls. 

Because of the difficulty of preparing hull-free kernels, 
confectionary seed may prove to be the seed of choice for 
food purposes. As further support  for this point  of view, 
comparison of four commercial oilseed and three commer- 
cial confec t ionary  varieties showed quite similar kernel 
compositions. The principal differences between the two 
types of seed lay in proportions and thicknesses of hulls 
and in the degree of black coloring on surfaces of hulls. 
Whole confectionary seeds were lower in oil because they 
had a higher proportion of hull (16). 

In Table t are data on preheating and pressing sunflower 
kernels and solvent-extracting press cake. Preheat treat- 
ments A plus B were less severe than oilseeds often receive. 
For example, cottonseed meats for prepressing are rolled 

and moistened up to 12-15% moisture content ,  cooked, and 
then dried to 4-7% and temperatures of 104-114 C (220- 
240 F) over a period of 30 to 60 min (17). 

The Ozawa screw press had been observed to be able to 
press oil from materials that were judged on the basis of 
experience to be unpressable with conventional presses. In 
other words, the Ozawa press will make a cake, and express 
oil from material that is not  changed enough by heat 
t reatment  and drying to allow caking by conventional 
presses. The rings forming the cage in the Ozawa press 
encircle the screw. Presumably the joints between rings 
offer more frictional resistance to flow of solids than do 
parallel cage bars, and this resistance allows pressure to be 
built  up with materials which otherwise would not  cake. In 
a conventional press the cage is formed by bars that run 
parallel to the screw and offer less resistance to flow. 
Pressure is difficult to build up in a conventional press 
unless the material has been denatured and dried enough to 
considerably reduce its plasticity. Regulation of tempera- 
ture by oil flow over the cage was important  in that if oil 
flow stopped, either the cake would cease to flow from the 
discharge, or the cake consistency would change to soft, 
unpressed material. 

Table II gives information on quantities of products 
made, and other process data. The no-load amperage on 
six-240 volt, 3 phase motors associated with the grinding 
installation was 61 amperes. The load under grinding 
condit ions was 100.5 amp. for batch one, grinding at 22 
pound per rain. Grinding rates on other batches ranged 
from 12 to 16 lb/min as shown in Table II. 

Table I11 presents proximate analyses of kernels and 
products. Cakes from more preheating, treatments 1 and 3, 
were lower in oil than treatments 2 and 4 with less pre- 
heating. Hard pressing was distinguished from light pressing 
by several percentage points in oil content  (treatments 1 
and 2 vs. 3 and 4). Likewise, residual oil in solvent- 
extracted cake and flour was twice as great in lightly 
pressed material compared with hard pressed material. 

Because of variability in analytical values, nitrogen 
solubility index did not  seem to be a good way to evaluate 
the effects of heat damage during processing, and therefore 
we performed dispersible nitrogen profiles at different pH 
levels. The results are shown in Figure 1. The standard was 
flour from direct solvent extraction of approximately 116 

TABLE II 

Quantities Processed and Rates for Pressing, 
Solvent Extraction and Cake Grinding 

Treatment number a 

1 2 3 4 

Pressing 

Weight of kernels pressed, lb 950 950 
Weight of cake produced, lb 463 416 
Weight of oil produced, lb 433 428 
Loss, lb 54 106 
Solvent extracting 
Extractor running thne, hr 2.0 2.9 
Weight of solvent extracted cake, lb 329.0 329.0 
Solvent rate to extractor, gal/min 0.8 0.8 
Grinding extracted cake 
Weight cake to Contraplex mill, Ib 392 329 
Weight flour recovered, lb 368 306 
Grinding time, min b 17.5 21 
Feed rate to mill, lb/min 22.4 15.7 

950 950 
519 467 
386 387 
45 96 

1.7 2.1 
312.0 330.0 

0.8 0.8 

312 330 
301 315 

22 27 
14.2 12.2 

aSee Table I for description of treatments. 
bSpeeds of mill rotors were about 11,200 and 5600 rpm. 

JAOCS March 1980 / 2 7 7 A  



S.P. CLARK, P.J. WAN, AND S.W. MATLOCK 

TABLE III 

Proximate Analyses of Kernels and Products from Prepress 
Solvent Extraction of Sunflower Kernels 

Moisture Oil Nitrogen 
Material a % % % 

Crude 
fiber 

% 

Kernels before heating: 
Treatment 1 5.4 50.2 4.42 2.8 

2 5.7 46.2 4.44 4.5 
3 5.5 50.3 4.14 5.3 
4 5.4 49.5 4.45 3.3 

Press cake 
Treatment 1 8.3 7.3 8.90 3.7 

2 9.1 8.0 8.55 3.5 
3 8.2 17.6 7.75 3.1 
4 7.0 20.9 7.56 3.1 

Extracted cake 
Treatment 1 5.8 1.2 9.75 3.7 

2 6.3 1.0 9.77 3.9 
3 8.3 2.3 9.40 3.7 
4 6.9 2.1 9.63 3.7 

Flour 
Treatment 1 5.6 1.1 9.89 4.1 

2 5.4 1.3 9.89 3.9 
3 6.8 2.6 9.58 3.9 
4 6.1 2.3 9.78 3.9 

Flour from direct solvent 
extracted kernels 9.8 1.4 9.33 4.2 

aSee Table 1 for description of treatments. 

Ash 
% 

6.9 
7.4 
6.7 
6.7 

6.6 

pounds  of  f laked kernels  processed at ambien t  tempera-  
tures. Analyses of  this mater ia l  are also shown in Table  I l l  
and Figure 1. 

The  data  were insuff ic ient  for  statist ical  analysis; how-  
ever, they  did no t  indicate  any dis t inct  differences in 
qual i ty  a m o n g  the five t rea tments .  

Processing condi t ions  did n o t  af fec t  quali t ies o f  prepress 
oils. Ranges in qual i t ies  of  oils f rom the four  t r ea tments  
were:  crude oil free fa t ty  acid, 0.4%; refining loss, 4 .8  to  
5.1%; ref ined  oil colors in terms of  Lov ibond  ye l low and 
red, 35Y, 1.1R to 37Y, 1.2R;  bleached oil colors,  10Y, 
0 . 9 R  to 1 6 Y ,  1.OR. Bleaching r emoved  mos t ly  ye l l ow  
p igments  and no t  red ones.  Both ref ined and bleached oil 
colors  were good,  as measured  by s tandards for co t t onseed  
oil. 

Residual  hexane  in so lven t -ex t rac ted  prepress cake 
ranged f r o m  300 to 900 ppm,  showing  the need for  a 
deodor izer -s t r ipper  fo l lowing  the desolvent izer .  Values for  
f lour  were essential ly the same as for cake in every case, 
showing  tha t  gr inding did n o t  result  in removal  of  some  
hexane  as migh t  be expec ted .  The al lowable levels of  
hexane  in co t t onseed  f lour  are 60 p p m  (18). A sample of  
commerc i a l  de fa t t ed  soy f lour  was found  to conta in  29 
ppm of  hexane .  

Table  IV gives the  par t ic le  size d is t r ibut ion  of  f lour  
made  by grinding so lven t -ex t rac ted  cake with a pin mill.  
Processing condi t ions  had no e f fec t  on part icle sizes. 

Table  V gives results of  bacter io logica l  assays run on 
f lour.  Addi t iona l  assays for  E coli,  s t aph lococcus  aureus 
and sa lmonel la  were negat ive for  kernels and for  all 
p roducts .  Col i forms  and fecal co l i fo rms  were negative 
e x c e p t  for  f lours  f rom t r ea tmen t s  3 and 4 which had coun t s  
in these t w o  assays ranging f rom 9 to  43 per  gram of  flour.  

Bacter iological  qual i t ies  o f  kernels  and p roduc t s  were all 
qui te  g o o d  unt i l  the  f lour  stage when to ta l  coun t  rose 
cons iderab ly .  This may  have been a result  of  pul l ing 
unf i l t e red  air through the  mill  cyc lone  and dust  filter, or  i t  
may  have been caused by our  inabi l i ty  to adequa te ly  clean 

the mill be tween  uses. The  f lour  grinding opera t ion  will 
require careful  design in a commerc ia l  plant  to cont ro l  
microbio logica l  con tamina t ion .  A total  aerobic  plate coun t  
around 10,000 per  gram is cons idered  to be good com- 
mercial  pract ice ,  whine a c o u n t  greater  than 1 ,000,000 is 
hazardous  and unacceptab le  (19). While all the flour 
samples fell wi thin  this range, they  all were above good 
commerc ia l  pract ice .  

Color  m e a s u r e m e n t  data on f lour  f rom the four  prepress 
solvent t r ea tments  and f rom direct  solvent  ex t rac t ion  of  
f laked kernels are shown in Table  VI. The color  difference,  
AE, be tween  the  di rect  so lven t -ex t rac ted  f lour  as reference 
and each prepress f lour  was calculated by the equa t ion  
AE=[ (AL)  2 + (Aa) 2 + (Ab) 2] �89 where AL, Aa and Ab are 

TABLE IV 

Particle Size Distribution of Flour from 
Solvent-Extracted Prepress Cake a 

Treatment number 

1 2 3 4 
Particle size b % % % % 

<45/am 54.4 63.8 74.6 86.4 
45-75 ttm 16.9 20.3 14.1 7.7 
75-90 ttm 10.5 5.2 2.0 1.1 

90-106 tim 5.0 0.0 2.8 1.2 
106-125/am 4.4 3.2 0.0 0.0 
125-150/am 3.1 0.0 3.1 0.0 

>150/am 5.7 7.5 3.4 3.6 
Total 100.0 100.0 100.0 100.0 

aground with Alpine Contraplex mill with rotor speeds of 
11,200 and 5600 rpm. Particle sizing conducted with Alpine Air Jet 
Sieve analyzer. 

bSizes in microns: 150/am = 100 mesh U.S. Standard; 43/am = 
325 mesh U.S. Standard. 
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TABLE V 

Bacteriological Assays of Kernels and Products 
from Processing Sunflower Kernels 

Total 
count  a Yeast/mold 

Material (per g) (per g) 

a m o u n t  o f  h e a t i n g  d u r i n g  process ing .  No d i f fe rences  were 
o b t a i n e d  t h a t  cou ld  be a t t r i b u t e d  to  process ing .  
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Kernels 
Treatment 1 5500 300 

2 1100 400 
3 1100 100 
4 2200 100 

Press cake 
Treatment 1 5500 <100 

2 3100 " 
3 400 " 
4 1500 " 

Extracted cake 
Treatment 1 1300 <100 

2 1200 " 
3 1000 " 
4 800 " 

Flour 
Treatment 1 16,000 <100 

2 77,000 " 
3 330,000 " 
4 80,000 " 

aAerobic plate count per gram of product. 

d i f f e rences  b e t w e e n  color  readings  for  r e fe rence  f lour  and  
c o m p a r i s o n  f lour .  Mos t  o f  t he  co lo r  d i f f e rences  were caused  
by  d i f fe rences  in the  L f a c t o r  ( l ightness) .  Higher  L values 
ind ica te  g rea te r  l ightness ,  or  less b lack.  

The  dry  prepress  f lours  b e c a m e  progress ively  da rke r  as 
t h e y  were sub j ec t ed  to g rea t e r  h e a t  du r ing  process ing .  The  
degree of  h e a t  t r e a t m e n t  (Tab le  I) inc reased  in o rde r  f r o m  
t r e a t m e n t  4 to  t r e a t m e n t  1 and  co lo r  of  f l o u r  inc reased  in 
the  same o rde r  ( increas ing  AE).  Fo r  w e t t e d  f lour ,  all t he  
prepress  f lours  were of  a b o u t  the  same degree  o f  darkness ,  
which  was g rea te r  t h a n  w e t t e d  d i rec t  so lven t  f lour .  Even 
the  d i rec t  so lven t  f lou r  was app r ec i ab l y  d a r k e r  t h a n  com-  
mercia l ,  h igh  so lub i l i ty  soy f lour ,  c o m p a r e d  b o t h  dry a n d  
wet  (no  da ta  shown) .  The  da rke r  co lor  o f  s u n f l o w e r  f l ou r  is 
an a t t r i b u t e  t h a t  m a y  be a s soc ia ted  wi th  n a t u r a l  p i g m e n t s  
u n i q u e  to  sun f lower  seed. A m i n o  acid c o m p o s i t i o n  of  
d i rec t  so lven t  e x t r a c t e d  f lour  was c o m p a r e d  wi th  t w o  
ba tches  o f  prepress  s o l v e n t - e x t r a c t e d  f lour  t h a t  had  re- 
ceived the  m o s t  ( t r e a t m e n t  1) and  the  leas t  ( t r e a t m e n t  4)  
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TABLE VI 

Color Evaluation of Flour From Prepress Solvent and Direct 
Solvent-Extracted Kernels 

Dry flour a Wet floura, b 

Material L a b AE L a b AE 

Direct 
solvent 82.75 0.65 7.75 0.00 58.85 2.80 11.60 0.00 
Prepress solvent 
Treatment 1 76.75 0.55 8.85 6.10 52.75 2.95 11.50 6.10 
Treatment 2 79.65 0.30 8.40 3.20 54.70 3.00 11.50 4.20 
Treatment 3 80.70 0.70 7.65 2.10 53.80 2.90 11.60 5.10 
Treatment  4 81.55 0.40 7.45 1.30 53.40 2.95 10.60 5.50 

aReadings with Hunter Color Difference Meter. See text for formula used to calculate 
AE. 

bFlour wetted with water 1:3, w/w. 
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