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SUMMARY

Sunflower cultivation in India, though of recent origin is making rapid progress,
the present production being 500,000 t/annum. The seed is crushed for o0il in
expellers and the resultant cake is used for cattlefeed in admixture with other
oiiseed cakes. Because of the high fibre (22%) and low protein (28%), it fetches
low price in the market. A&an integrated process has been developed to obtain
superior guality oil and meal. The prdcess ianvolves pre-ac_:leaning, grading and
debulling of ithe seeds at the optimum moisture level prior to 0il extraction. Tigze
meal obtained from the dehulled material is low in fibre (5%} and high in protein
content (44%). The dehulled seed yields an oil with low FFA (1%) and wax eontent
(0.1%). However, the presence of polyphenclic compounds (2.83%) and phytin (3.9%)
in the meal impart dark coélour to the product and lewers the nutritive guality,

Different approaches for the improvement of the nutritional quality of the seed
and meal have been tried. These are (1) Acidic-NaCl treatment to kernels; (2)
Dry heating of kernels under optimum conditions; (3) Washing of kernels at pH
7-7.5 with Hzm (4) Awbtoclaving of defatted meal; (5) 2eid Wasbing of defatted
meal at pH 3-3.5. The vesultant defatited meals were evaluated by both chemical
and biological procedures. Acidic-NaCl treated kernels and Acid washed meals
were Found to be superior by both in their composition and nutritional aspects,
Supplementation of the meal with 0.2% L-Lysine HCL corrects the lysine deficiency
and improves its nutritive value.

The functional properties of the protein rich meal have besen improved both by
dehulliing and removal of polyphenols. Polyphenol free concentrates have supe-
rior water and fat absorption, oil emulsification and whipping properties. The
value added products prepared from it such as salted and spiced snacks, sun-
Flower butter, bakery products, meat patties and milk beverages have been evalua-
ted and found acceptable.

INTRODUCTION

The edible oil economy in India leans very much on groundnut, its annual produc-
tion being 5 million tounes. Sunflower cultivation started in the mid 70°s has
made significant progress as a potential oilseed crop under dry land agriculture
of the country. The current estimated annual production of sunfiower seed is
nearly 500,000 tonnes grown in 800,000 hectares. Vawieties such as E¢—68413,4l4,
415, Sunrise and Horden obtained imitially from USSR and Canada, have been found
© ko suit the egroclimatic conditions and different cropping systems in India.
Sunflower 0il, is commercially produced and marketed and the current availability
is sbout 54,000 tonnes per year.

Present status of sunflower processing im India ’

Sunflower seed contains 25% of hull fraction {Bernardini , 1985} . Whole sunflower
seads with the hull are crushed in small screw presses which are in large number
in the country. Seeds with varied proportions of molsture and extraneous matter
is brought in swall quantities from the farms to the market., The oil miller
purchases the seeds and stores it for varying periods before crushing., Such
poor guality seeds having immcture, infasted and unfilled seeds yield ‘an oil
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with high wax and FFA content. Low recovery of oil and poor lmhyg.lenzc quallty
of cake are the common features in most oil mills.

.-
Crushing of undehulled seeds yields a cake having high residual 0il content of
nearly 12-14% and the cake deteriorates during storage. Further, the cake has
a high fibre content (22%) which makes it unsuitable for poultry feeds.

There are only 3 large units with a capacity of 40-60 tonnes/day having the faci-
lities for decortication, expeller pressing and solvent extraction. The seed is
dehulled using bar dehullers, the extent of dehulling being 5-7%., Some hulls are
used as fuel for the boiler and the rest is ground and added back to the kernels
before expelling; the expeller cake is solvent extracted and the deoiled meal
used in compounded feeds.

The presence of hulls in sunflower during oil expelling and ,e:itrac'tibn. ‘has ano-
ther consequence. The waxy coating of the hull surface enters the oil and- im-
parts a haziness to it (Bernardini, 1985). Alkali refining at a low temperature
removes this wax, but the oil losses and cost of refining are high. Moreover,
for reasons of flavour, people mostly buy and use unrefined oils. This is spe-
cially true in the case of screw pressed oils of sesame, groundnut, mustard
nigerseed, safflower, etc. .

‘The use of hygienically prepared oil.cake from groundnut and sogbean for human

foods -has received considerable research attention in India (Subramanyam et al,
1957) . However, the total use of such flours in the cauntry at present is esti-
mated to be in the order of only 20,000 tonnes annually. Edible soya and ground-
nut flours are currently used in the preparation of cooked and extruded foods,
flavoured beverages and in the nutritionally balanced food supplements for mass
feeding programmes.

The preparation of edible flours from sunflower seed has been hampered by the
presence of hulls and pblyphenols of which chlorogenic acid (CGA) constitutes
70% of the total. These phenolic compounds cause discoloration in food systems
specially during alkaline extraction of the protein (Pomenta and Burns, 1971).
Various methods have been reported in literature for removal of polyphenols
from sunflower seed :mvolv.mg the use of agueous or organic solvents (Sastry,
1978).

Eklund (1975) reported that phytate phosphorus constitutes 8.8 mg/g'in sunflo-
wer protein concentrate. 50% of the total phosphorus present in it was bound
as phytin (the calcium magnesium salt of phytic ac.zd) in prote:m concentrate,

: 'obzect.wes

In th.zs investigation, the following studies have been made.

(1) -4 simple method of removing hull fraction to get kernels Vand further pro-
cessing to yield good quality oil and cake for direct use in foods;

(2) The extraction of polyphenols from sunflower kernels/flour by using various
agueous solvents as a function of pH, temperature and salt concentrations
have been carried out. Technological processes such as roasting, autoclav-
ing and expeller pressing have also been included. The protein concentrates
obta.med can preferably be utilised in value added products;

(3) The effect of above processes on the physico~chemical and nutritional
quality of proteins; and
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(4) In a ‘model system, J.solated pol Jphenol free 11§’ prote.m from sunflower is
interactéd with CGA, cA and QA‘as a function of pH, temp. and salt conen.
‘The results obtazned were used to ‘substantiate the val.tdlty of the data on

. the above processes. S

MATERIALS

. Black hybr:.d varietg (EC-68414) sunflower seeds were obta.med from the Agro-
Seed Corporation, Mysore. Chlorogemc acid (CGA), Caffeic acid (CA), Quinic
‘acid (QA), and 1, 2-f1uoro dm.ztrobenzene (FDNB) were from Slgma Chem.wal Co,USA.

METHODS

Dehull.mg Sunflower seeds were cleaned and graded us.mg 'BSS3 and Bsss screens
to separate small, medium and ‘large seeds. The graded seeds were dehulled by
centrifugal sheller followed by air classification (Sastfy, 1978). This sheller
consists of a circular metal hous.mg lined with hard rubber and having an inlet
at the centre for feeding sunflower’ seed. The material falls on an impeller,
which directs the seed in a curved path against the rubber lining of the sheller
by centrlfugal force.» As a result of the impact the seed gets dehulled.

Removal of polyphenols. (a) Aqueous extractzons. The dehulled seeds were pressed
in a laboratory carver press at 5000-~6000 psi for 2 hr. and nearly 30% of the
total oil recovered. . The kernels were brushed on a wire mesh screen (30 BSS)
and the translucent layer is removed by air classification. Removal of ‘poly=
phenols from partially defatted kernels with ac.zdulated water at different pH
were carr:.ed out by the follow.zng procedures.

i) NaCl solut.lons 2% and 1% (W/V) were used for f.irst and second extract.ions,
keeping the kernel to solvent. ratios to 1:12 and 1:5 respectively. The
. time of extractions were 60 and 20 min. Protein losses were minimised by
' adjusting the pH to 5.5. Water wash was given at the end by stirring for
10 min (spc-.z). ' ‘ - ' : '

ii) Water was used as an extractant for comparison (SPC—Z).

iii) Partially defatted kemels were extracted in ac.ldulated water onlg, in a
s.mular pattern as (J.) atvlpH 3. 5 (SPC—B).

iv) Broken kernels wz"hout partial defatting were extracted 5 times with tap
,‘water (l 10) at 70°C for 60 min. each (SPC—4),

All these processed samples were dried at 50°C for 40 min. in a through flow

drier, flaked and solvent extracted using hexane. The samples were desolven-

tised and powdered to pass through 60 mesh (BSS) screen.

(b) Heat process.mg. Heat processing is one of the methods for oomplete removal/
inactivation of toxic prJ.nc.lples such as trypsin inhibitors, which ’influences
the nutritional value of food proteins.,. The objective of the following study -
was to determine the effect of dry and wet heat treatment of sunflower meal on
polyphenols and nutrtional quallty of prote.m, :

i) The' kernels were sa.lt roasted using Nacl (1:1) in an electrical roaster
et 120°C for 5 min. The roasted kernels were sieved to remove sodium.
chlor.ide, flaked and solvent extracted (SPC-5)
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2 . .
ii) Defatted sunflower meal was autoclaved at 1 kg/cm” for periods varying
from 5 to 60 min. The autoclaved samples were sundried (SPC-6)

iii) The dehulled kernels were expeller pressed. The cake was solvent extrac—
ted (SPC-7) :

All the samples were ground to pass through 60 mesh (BSS).
ANALYTICAL METHODS ) .

Proximate composition of all the samples was determined by the AOAC methods
(1980). CGA, CA and QA contents of the meal were estimated by the procedure of
Pomenta and Burns (1971). Phytin was estimated by Wheeler and Ferrel procedure
(1971)57 Available lysine by Carpenter’s procedure (1960); Invitro digestibi-
lity of the proteins by the method of Saunders et al (1973). Nitrogen solubi-
lity in 0.02N was studied by the procedure of Lyman et al )1953). Nutfitional
studies to assess protein guality were studied according to Campbell's proce-
dure (1963). The data were analysed for statistical significance using Duncan's
new multiple range test. Bulk density of sunflower meals was measured by.the
method of Wang and Kinsella (1976). Water absorption capacity (WAC) was deter-
mined by the modification of the centrifuge technique of Janicki and Walczak
(1954) and fat absorption capacity by the method of Sosulski et al (1974).

RESULTS AND DISCUSSION

a) Dehulling

Sunflower seed contains high amount of oil (about 45%) and has also a high pro-~
portion of hulls ( . 25%). Commercial expeller cake derived from the undehulled
seeds was found to have high fat (14%) and crude fibre (20-22%) while the cake
from the dehulled seed retained only lesser amounts of fat (9%) and fibre (8%).
Dehulling of sunflower seed prior to oil milling yielded a superior gquality oil
and protein rich meal (Sastry and Subramanian, 1984).

Some,of the unique advantages of dehulling are:

(i) The oil obtained is low in FFA (0.04%) and wax (0.04%). This obviates the
time consuming and expensive process of wax removal during ;'efiningo This oil
does not need refining.

(ii) The cake obtained has a light grey colour and is rich in protein (44%)
compared to 28% protein in the cake from undehulled seed; the corresponding
values for fibre in the two cakes are 8% and 22%. The dehulled seed cake '

can be further processed for obtaining edible quality flour by removing of
polyphenols, ‘

(iii) By dehulling followed by expeller pressing the residual oil content in

the cake is reduced to 9-10%. Consequently the overall oil yield is increased
by 3-4%. )

(iv) The . plant capacity is increased by 40%.

(v) There is reduction of nearly 40% in the power consumption as a result of
dehulling.

The dehulled seed had a higher percentage of oil (59.7%) and protein (31.5%)
and low crude fibre content (2.9%), as compared to the whole seed having 45%
oil, 23% protein and 16% crude fibre content (Table 1}). The CGA, CA and QA
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contents in dehulled seéds were 0.72%, 0.30% and 0.16% respectively. Defatted
sunflower meal from the dehulled seed contained about 54% protein and 9% crude
 fibre. Sunflower proteins are primarily deficient in Jlysine. The available
lysine..content was found to be 3.12 g/l6gN (Table 2). The nutritional value

of sunflower meal proteins was significantly improved after dehulling the seed.
The protein efficiency ratio (PER) values of the proteins in the undehulled and
dehulled flours were 1.74 and 1.98 respectively. Fortification of the dehulled
sunflower meal with lysine at a level of 0.2 g l~lysine HC1/100g of flour was
found to correct the limiting amino acid deficiency and the PER value was in~-
creased to 2.40. '

b) Extraction of polyphenols
Extraction of the phenolic compounds from partially defatted kernels using

- agueou$ solvents at optimum pH and NaCl concentration offers some advantages

such as (a) edsy mixing and separation of the ligquid-solid system; (b) minimisa-
tion of protein loss. Almost complete extraction of polyphenols was accomp~f *
plished in the.meal under optimal. conditions and CGA was not detectable. However,
the use of NaCl leads to slightly higher losses of protein content (7.7%) and
solubles (28%) from the meal than in water extraction (2.4% and 14%) at pH 6.8.
The protein content of the concentrate (SPC-1) was increased from 53.3% to 59.7%
and the phytin content reduced from 3.9% to 2.3%. (Table 1). It also gave a
higher value of 3.4 g/16gN for available lysine compared to 3.lg in the case of
the defatted meal; SPC-1 had superior nutritional quality with an in vitro pro-
tein digestibility of 96%, PER of 2.4 and NPU of 64; the corresponding values for
the defatted meal were 81%, 1.98 and 65 respectively (Table 2)., However, the
water extracted meal (SPC-2) had 0.99% of total polyphenols compared to 2.46% '
of defatted flour showing the removal of only 60% during extraction. )

Taha and Nackrashy (1981) have reported that the relationship between phytate
solubility and protein solubility of ‘sunflower meal is influenced by pH. Based
on the solubility differences between these two, it was reported that with four
successive extractions at pH 4.5, 99% of phytate and 65% CGA were removed from
the meal. This resulted in the loss of proteins to the extent of 23%. In the
present work two successive extractions at pH 3.5 removed 50% of phytic acid and
the loss of protein was less than 4.5%. CGA was also partially extracted to u
the extent of 44%. Such low solubility of CGA at pH 3.5 is due to the fact
that the interaction of sunflower proteins with CGA, CA, and QA increases at
low pH range of 2-4 (Sastry, 1985). The protein content in acid extracted
flour (SPC-3) was increased to 59.8% (Table 1). However, the nutritional qua-
lity of SPC-3 was not much altered compared to defatted flour due to the acid
treatment. . .

The extractability of CGA in water at pH 6.8 was determined in the temperature range
of 5§ to 80°C. Extractability increased in the temperature range of 5 to 50°C

from 55% to 68%. However, between 50-80°C there was no further increase.

Sosulski et al (1972)" have reported that the ‘extraction of CGA was higher at

80°C than at 60°C. The protein content of the meal (SPC-4) was more or less
constant upto 65°C and a slight increase was observed above this temperature.
Possibly: the protein was denatured at higher temperature and its solubility

in water was reduced (Protein loss: 2.2%). :

Roasting and expeller pressing processes strongly reduce the sclubility of pro-
teins hindering the removal of polyphenols and carbohydrates (Sastry, 1978).
Milic et al (1968) observed a decrease in CGA followed by an increase of CA and
QA on heat treatment of sunflower meal. However, in the present study, the
results have shown the decrease of these acids, when the meal was subjected
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to roasting and autoclaving. It is possible that these phenolic acids are
destroyed to some extent by oxidation in the presence of heat. Both the roas-

ted (SPC—S) and autoclaved (SPC-6) samples showed progressive decrease of nit-
rogen solubility with prolonged heat treatment. Any possible advantage in
decreasing the levels of CGA,.CA and QA contents by moderate heat treatment of meal
was apparently lost due to loss of its available lysine content, lowering PER

from 1.98 to 1.74 and NPU from 65 to 56 respectively., Roasting of kernels

(SPC-6) had beneficial effect on in'vitro digestibility. Milic et'al (1968)

found inhibition of trypsin activity and lipase activity by polyphenols.

¢) Functional properties

Sunflower proteins have desirable functional properties, which could expand their
use in food products. The values of WAC, FAC and BD are given in Table 3. The
values of WAC, FAC have been given on both meal and protein basis. The de-
fatted sunflower meal had WAC value of 2559/100g of meal which was similar repor-
ted ‘'value by Rahma and Narasinga Rao (1981). The higher WAC (485-680) of the
extracted meals could be due to the denaturation of proteins thereby exposing

a greater number of water binding sites or removal of non~protein constituents
during extraction. Fleming et al (1974) observed that addition of NaCl at 5%
level increased the WAC from 128 to 275, It is possible that the higher WAC

of the concentrate could be due to NaCl contamination in the meal itself. The
FAC value of 210 for defatted flour agrees with the value ©f Rahma and Nara-
singa Rao (1981). All sunflower concentrates showed higher FAC values. (415-520).
Structurally the sunflower products could be more lipophilic.

MODEL STUDIES
Binding of polyphenols with 11S proteins

118 forms the major protein fraction in sunflower. A method has been devised
to isolate 118 protein free from polyphenols. Using model system we have stu-
died the binding of CGA, CA and QA by the 115 protein as a function of pH, tem—
perature and solvent composition. The results obtained substantiate the vali-
dity of agucous and salt extractions at various pH and temperatures carried
out in the present investigation.

' The results have shown that the binding of CGA, CA and QA by the protein dec-
reases with increase in pH of measurement. The binding follows in order of pH
4.0>pH 5.5 pH 7.0 and the association constant has higher value at pH 4.0.
These polyphenols bind to 11S with positive cooperativity. Effect of pH
indicated that the maximum binding occurred at pH 4.0. .Decrease 1in pH increased
No.of binding sites. Addition of NaCl decreasesthe binding. Higher the salt
concentration, greater the decrease. The effect of salt is not a direct one
but it is a indirect one. The binding of CGA, CA and QA by the protein increa-
ses when it is dissociated. NaCl prevented the dissociation of protein and
thereby reduced the binding.

We have reported that the binding of CGA, CA and QA by the 11S protein is highly
temperature dependent. Binding at 45°C was much lower than at 30°C. At 55°C the
protein did not bind CGA and CA at all. These results suggest that at higher
temperature, CGA, CA and QA exist in the unbound form and can be extracted
easily in water. This also explains why above 55°C, extractibility does not
increase. The results also have shown that the extent of hydrolysis of 11§
protein by trypsin and of -chymotrypsin and pepsin is affected by the addition

of CGA. 1In conclusion, the binding of CGA and CZ by 11S protein did not

involve any ionic linkages and possibly only hydrogen bonding was involved.
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B.mdmg of 11.5' protem follows ‘the’ order CGA7CA7QA., Poss.lbly the chain '
. length of the molecule determ.mes the aff.mzty of tbe prote.z.n for tIze po.ly—

' phenols.,

‘VELUE ADDED PRODUCTS

,Roasted kernels were utlllsed in the preparat,zon of snacks, sunflower butter
and bakery products. Concentrates ‘such as SPC-1 and SPC-3 were used in ‘the

preparation of milk beverages and meat pattzes. These products were - found
acceptable, R . .
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SUNFLOWER SEED

N S Sun-drying ' Co- )
Pre-cleaning ————— Dust, Sté‘nes & Stalks

Grading Shrivelled & unfilled seeds
' Graded seeds =  Expeller pressing
Dehullers . oil1 cake
| |
.Kernels . Hulls
'Brokens
o Fines .
Expeller i'ressipg

0il . cake

Flow sheet for. processing of ‘sunflower see&
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,Table'jl‘.-,_Phys.i’bq:chemical characteristics of sunf;ower‘ -
' " ‘seed and processed flours o -

‘ ' \Polgp.hehblls,,:'z ‘

Crude Ll o oo
fibre ASh. Phutin

i Protein
' g % % . cta. ca. oa - Total

.ng.ple,s',_ %

sPc-1. . - 59.7 2.0 3.4 . 2,33 N.D  0.04 Wil 10.04
‘src-2 573 | 2.3 3.2 2.80. 0.74 0.20 0.05. 0.99
Cspc-3 . 59,8 3.2 3.6 © 1.95  0.78 0.06 .Nil 0.84
seeea 548 3.8 3.8° 2,430 0.28 0.26 Wil 0.54
spc-s . 56,0 5.8 4.2 3.00 0.29 0.34 0.21 0.84
B T P R
15 min . 56,0 . 819 5. 3.00 0.75 0.67 0,31 1.73
Somin v . . o i 7T 0,50 0,53 0,31 1.34
60min I ) 0.20 0.40 0.20 0.80
sPc-7 . 5403 8.4 5.0 . 2,74 0.62 0.62. 0.40° 1.64
Defatted flour = 53.3 8.9 5.8 3.3 1.4l 0.72 0,33 2.46
\Dehulled kernel 315 2.9 - 3.2 = 0.72 0.30 0.16 1.18
Whole seed . 23.0° 16.0 2.7 =  0.47 0.37 0.21 . 1.05
A1 - 5.9 s0.0 31 - " 0.21 0.08 0.08 0.37

‘ ’N.D. = Not detectable
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Tablé '2: Nutritional characteristics of processed
samples . dnd nitrogen solubility

Available "

N solubility

In vitro
lysine digesti- . PER NPU  ih 0.02N NaOH
(g/l6g.N) bility,% %
sec-1 3.40 96 2.39 64 87
spc-2 3.00 20 87
SPC-3 2.15 94 1.92 58 85
spc-4 2.80 " 84 75
SPC-5 3 2.15 92 68
sPC-6 - -
15 min . 2.83 89 1,74 56 . 45
30 min 2.52 "85 33
60 min 2,08 82 - 6
spc-7 - - 2.82 85 - 65
Defatted flour 3.12 81 1.98 65 93
" pefatted flour - .
0.2% lysine HC1 2.40 71
Table 3: Some funétional properties of selected
processed flours ’
WAC (%) FAC (%) Bulk
Meal Density
Meal Protein Meal Protein g/ml
Defatted
flour 255 502 210 413 0.232
SPC~1 680 1292 520 988 0.196
SspC~3 485 912" 415 780 . 0.169
Spc-4 510 931 440 803 0,175




