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EFFECT OF HEAT PROCESSiNG' ON NITROGEN soi.unn.rrv AND'D'lGEStiBILIiy OF
PROTEIN IN SUNFLO\VER MEAL
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Proximate composition of seven varieties of sunflower seed and meal and their nitrogen solubility profile in water
(20.5-22.5%),5% NaCI (49.6-52.8%)~ 70% C2 Hs OH (3.0-4.0%) and 0.2% NaOH (9.8-11.0%) was determined. In vitro
digestibility of untreated and enzymic treated sunflower meal was found to be 34.5% and 83.5% respectively. The
autoclaving of untreated meal at 1kg/em? for 5-60 mins., showed a gradual decrease in vitro protein digestibility from
34.5 to 12.0%. In vitro protein digestibility of enzymic treated meal increased from 83.5 to 87.2% after 15 mins.
autoclaving. Further increase in autoclaving time to 60 mins showed a gradual decrease in the In vitro digestibility. Hence
processing of sunflower meal at 1 kg/em? for 15 mins. was found most suitable.
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Introduction
The high cost and limited availability of animal proteins

in deficient areas and' the increasing realization that oilsccds
hold potential to bridge the protein gap in many countries of
the world, have stimulated a great deal of interest among food
scientists. In recent years, sunflower seed has become an
important oilseed crop because it is well adopted to the
climatic conditions 01" Pakistan. The sunflower seeds contain
40% high quality oil which is a rich source of essential fatty
acids [1]. The seed cake left after oil extraction contains 35-

40% protein with a well balanced amino acid profile [2].
Sunflower seed meal i.e. defatted cake, has a higher content of
good quality protein than cereals which are still the main
source of protein in many countries. Sunflower seed meal has
limited use in animal and poultry rations due to the presence
of antinutritional factors i.e. crude fibre, phytic acid and pol-
yphenols [3-5]. Many researchers have reported different
techniques to improve the nutritional value of the meal [6-9].

The present study was carried out to investigate the effect
of heat processing on nitrogen solubility and digestibility of
protein in sunflower meal.

Experimental
Seeds of three varieties of sunflower (Heliaruhus annus

L.) were procured through the courtesy of Punjab Seed Corpo-
ration Limited, whereas other four varieties were collected
from different places of the local market. The clean and dirt
free seeds were dehulled using a locally made dehuller and
separator.

Processing. PCSIR-IDRC Model Oil Expeller was em-
ployed for extraction of oil. 20 kg. sunflower seed kernels
* Govt. Science College, Lahore.

obtained after dehulling and hull separation were pre-pressed
twice by keeping a distance of 12 mm between screw and cone
followed by defatting of cake with n-hexane in Soxhlctextrac-
tor to reduce the oil content to minimum of 2 ± 0.5%. The
sunflower meal i.e. defatted' cake was ground to 80 mesh size.

lleat treatment. Sunflower meal was subjected to heat
treatment as follows:

The triplicate samples of meal (80 mesh) were spread in
stainless steel trays (30 x 45 ern) to thickness of 0.5 ern,
covered with polythcne sheet to minimize moistening with
condensed steam and autoclaved I kg/ern? (120°) for 5, 15,30,
45 and 60 mins. respectively, then air dried to uniform mois-
Lures levels.

Nitrogen solubility profile of the sunflower meal after
processing was determined to see the change in the extractibil-
ity of different proteins soluble in water (albumin) 5% NaCI
(globulin) 70% ethyl alcohol (prolamin) and 0.2% NaOH
(glutelin). The protein digestibility (with and without en-
zyme) was also determined to further confirm the change in
quality of protein.

Nitrogen solubility profile. In order to determine the
nitrogen solubility profile of sunflower meal protein, the
successive extraction media were distilled water, 5% sodium
chloride, 70% alcohol and 0.2% sodium hydroxide [61. All
procedures were conducted at room temperature except etha-
nol extraction which was carried out at 65° in a water bath. The
initial size of sample was 2 g of meal and at each stage the
residue from the previous extraction was shaken with 25 ml of
solvent Ior 15 mins, centrifuged at 3,000 r.p.m. for 15 mins.,
and the supernatant decanted. Two successive extractions
were made with each solvent and the pcptizatc combined for
the determination of soluble nitrogen. The nitrogen content of
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the extracted and final residue were determined by micro-
KjcIdhal procedure [7]. The extracted nitrogen was expressed
as the percentage of total meal nitrogen.

The sunflower meal (2 g) was also extracted with 0.25%
aqueous sodium sulphite at pH 10.5 [8]. The extraction was
carried at room temperature for 1 hr. with constant stirring
using a meal water ratio 1:50; (w/v).

In vitro protein digestibility: In vitro protein digestibility
of sunflower meal containing 52.5% protein was determined
(with and without enzyme) according to the method of Mandai ,
et al., [9] as outlined below:

Sunflower meal (100 mg) was mixed with 2 mg suspen-
sion of pepsin (Sigma Chemical Co.) in 5 ml dil HCI (pH 2.0)
and incubated at 37° Ior 16 hrs. 2 ml orO.5 % pancreatin (S igma
Chemical Co.) solution in 0.1 M borate buffer (pH 6.8) was
added to the reaction mixture and again incubated at 37° for 24
hrs. followed by addition of7 ml of 10% (w/v) trichloroacetic
acid (TCA). The suspension was centrifuged at 5,000 r.p.m.
for 15 mins. The residue was washed twice with 5% TCA
solution. The supernatant were pooled and evaporated to
dryness. Nitrogen content was determined by micro-Kjcldhal
procedure and factor 6.25 was used to convert to crude protein
l7]. The digestibility of each sample was calculated as the
nitrogen in the sample supernatant minus nitrogen in the
enzyme blank supernatant, expressed as percentage of nitro-
gen in starting matcial.

Analytical. The average chemical composition i.e. mois-
ture, ash fat, crude protein and crude fibre contents of sun-
flower meal (three replicates) were determined according to
AOAC methods [7], phytic acid in meal was estimated by the
method of Wheeler and Ferrel [10]. The nitrogen free extract
(NFE) was calculated as follows:

NFE (%) = 100 - (Crude protein + Fat + Crude fibre +
Ash)

The data collected was statistically evaluated. The differ-
ence in mean values were tested by Duncan's Multiple Range
Test [11].

Results and Discussion
The sunflower seeds collected from Punjab Seed Corpo-

ration and local market in 1991 contained 6.4-8.6% moisture,
21.4-25.8% crude protein, 29.8-34.6% fat, 10.6-12.6% crude
fibre 4.0-5.0 ash, 2.5-3.4% phytic acid and 25.1-32.0% NFE
(Table 1). The results showed that the seed varieties collected
from Punjab Seed Corporation contained higher protein, and
fat and lower crude fibre, phytic acid and nitrogen free extract
(NFE) contents. The variation appeared to be due to the
different seed varieties grown in different environmental con-
ditions. The results are comparable with the findings ofKlyn-
chkin, et al., [12] and Niazi, et al., [3].

The proximate composition of sunflower meals obtained
after pre-pressing of kernels followed by solvent extraction is
shown in Table 2. The meals contained 4.5-6.2% moisture,
45.0-52.5% c~ude protein, 1.8-2.5% fat, 6.5-7.8% crude fibre,
6.2-6.8% ash, 4.0-4.5% phytic acid and 32.8-38.6% NFE. The
significant increase (P<0.01) in the percentage of all the ingrc-
dicnts of the meals with respect to sunflower seeds (Table 1)
was due to extraction of oil from the kernel fractions. The
results are in agreement with thc Iindings of other researchers
[3,4, 13] who reported that crude protein fat and phytic acid
were centred in the kernel fraction whereas antinutritive pol-
yphenols were found in hull faction of sunflower seeds. Thus
removal of hull fraction was of prime importance.

The amount of nitrogen extracted from seven varieties of
sunflower meals varied from 20.5-22.5% in water, 49.6-
52.8% in 5% NaCI, 3.0-4.0% in 70% alcohol and 9.8-11.0% in
0.2% NaOH. The nitrogen left in the residues ranged in
between 12.3-15.0% (Table-S). Almost half of nitrogen of
meals (49.6-52.8%) was soluble in 5% NaCI and more than
40% of the remaining half was extracted by water (20.5-
22.5%). The results are comparable with the findings of
Sosulski and Bakal 16) who observed that sunflower meal
proteins were primaril y salt soluble but significant protein was
extracted by initial water and final alkali treatment. The pres-
ent results indicated that in contrast to earlier reports, summa-

TABLE 1. PROXIMATE COMI'OSITION OF SUNFLOWER SEED.*

Source Moisture Crude protein Fat Crude Ash Phytic NFE**
(%) (%) (%) fibre (%) (%) acid (%) (%)

P.S.C.+ 6.5 25.8 34.6 10.6 4.0 2.5 25.1
6.8 24.2 33.8 11.2 4.4 2.5 26.4
6.4 24.5 32.5 10.8 4.3 2.6 26.1

Local market 7.5 22.8 30.6 12.2 4.8 2.8 29.6
" 8.6 23.6 32.2 11.8 4.6 2.7 27.8

8.2 24.0 32.1 12.6 5.0 3.2 25.3
8.0 21.4 29.8 12.0 4.8 3.4 32.0

• Dry matter basis,u Nitrogen free extract, + Punjab Seed Corporation. - AU values in the table represent average of three replicates.. ..
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rized by Smith [14], sunflower proteins are readily extracted
from the defatted meals.

The effect of heat processing i.e. autoclaving at 1 kg/ern',
on sunflower meal for 5,15,30,45 and 60 mins. on its nitrogen
solubility in N~S03 and in vitro digestibility is given. in
Table 4. The moisture content of the meal increased by 3.5-
5.4% over the control after different autoclaving time. The
increase in moisture content were due to condensation of
steam. Untreated sunflower meal showed maximum nitrogen
solubility of 87.7%. The autoclaving of the meal at 1200 for
different periods of time, showed a gradual decrease in nitro-
gen solubility to 60.5% and 22.8% after 5 and 60 mins., respec-
tively. It clearly indicated that the proteins were greatly
denatured when processed at 1200 for longer time. The results
are comparable to the values reported by other researchers [8-
15]; but 9.2% less than those reported by Shastry and
Subramanian [5], perhaps it was due to the difference in seed
variety and processing conditions.

The in vitro digestibility value of untreated sunflower
meal (34.5%) and enzyme treated sunflower meal (83.5%)
were comparable to the values reported by others [5, 15]. The
autoclaving of untreated sunflower meal for 5 mins. decreased
the digestibility from 34.5% to 15.9% (Table 4). Further in-
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crease in the autoclaving time (15-60 mins.) showed a gradual
but non-significant decrease in digestibility (13.7-12.0%).
Enzymic treated sunflower meal autoclaved for 5 and 15 mins.
showed 85.5% and 87.2% digestibility, respectively. There
was no significant improvement in digestibility of meal for
allowing such moderate heat treatment. However, autoclaving
at 120· for 60· mins. decreased the digestibility value to 80.0%
perhaps the denaturation of protein and formation of polyphe-
nol protein complexes rendered the heat labile and some of the
essential amino acids inaccessible to the action of enzyme thus
causing a decrease in digestibility [5, 15, 16].

The present investigation showed that a major portion of
total extracted protein were soluble in water (20.5-22.5%) and
in 5% sodium chloride (49.6-52.8%). The protein fraction sol-
uble in water (albumin) and in sodium chloride (globulin) are
most easily assimilated by non-ruminants e.g. broilers and
layers [17]. Thus, pressence of large portion of albumin and
globulin in sunflower meal would make it most suitable for
incorporation in poultry rations. It is, thus, concluded that sun-
flower meal obtained after proper processing i.e. autoclaving
the meal at 1200 for 15 mins., has a great potential for its
utilization in poultry rations as a substitute of costly vegetable
and animal proteins.

TABLE2. PROXIMATECOMPOSITIONOFSUNFLOWERMEAL.*

Source Moisture Crude protein Fat Crude fibre Ash Phytic acid NFE**
(%) (%) (%) (%) (%) (%) (%)

P.S.C: 5.8 52.5 2.0 6.5 6.2 4.0 32.8
6.2 48.2 2.5 7.6 6.5 4.5 35.2
5.5 51.2 1.8 7.2 6.4 4.2 33.4

Local market 5.0 47.5 2.2 6.9 6.2 4.0 37.2
4.5 45.0 1.8 7.8 6.8 4.0 38.6
5.2 46.8 2.1 7.5 6.8 4.2 36.8
6.0 49.4 2.4 7.0 6.4 4.4 34.8

*Dry matter basis, ** Nitrogen free extract, + Punjab Seed Corporation. ~ All values in the table represent average of three replicates.

TABLE3. NITROGENSOLUBILITYPROFILEOFSUNFLOWERMEAL.*

Source 5% NaCI 70% Ethyl alcohol 0.2% NaOH' % N in residue
Percent of total meal nitrogen soluble in

P.S.C: 50.4a
52.8b
50.5a
50.2a
51.2b
50.0a
49.6a

Local market

22.5aa
21.0b
20.5b
21.9a
21.1b
22.0a
21.3b

4.0a
3.2b
3.5c
4.0a
3.0b
3.8c
3.7c

1O.8a
10.4b
1O.5b
10.4b
10.lb
9.8b

11.0a

12.3a
12.6a
IS.0b
13.5b
14.6b
14.4b
15.0b

*Dry matter basis, + Punjab Seed Corporation. - Means of the same column followed by different letters differ significantly (PSO.05) according to Duncan's
Multiple Range Test. - All values of the table represent average of three rcpl icates.
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TABLE 4. EFFECT OF AurOCLAVlNG ON DIGESTIDIUTY AND

NITROGEN SOLUBILITY OF PROTEIN IN

SUNFLOWER MEAL.*

Durauon of Digestibility (%) Nitrogen solubility (%)
autoclaving Without With in aq. Na1SO,

(mms.) enzyme enzyme

34.5a 83.5a 87.0a

5 15.9b 85.5b 6O.5b
.15 13.7b 87.2b 44.2c

30 13.0b 85.2b 30.6c

45 13.8b 83.2a 28.5b

60 12.0c 80.0c 22.8c

* Dry matter basis. - Means of the same column followed by different letters
differ significantly (P~0.05) according to Duncan's Multiple Range Test. -
All values of the table represent average of three replicates.
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